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ORIGINAL 
ARTICLE 

Frequency of Ankylosis, Loss of 

Pulp Vitality and External Root 

Resorption after Root Contact with 

Mini-screw 
 

Background and aims: To evaluate the frequency of ankylosis, loss of pulp vitality and external root resorption after 

intentional root contact with mini-screw. 

Methods: Sixty maxillary and mandibular second, third, and fourth premolars teeth of five mature beagle dogs were 

randomly assigned into three experimental groups.  Premolars teeth at group I, received a mini-screw (6-mm length, 1.5-

mm diameter, self drilling) which was removed immediately after contact with the root. Group II consisted of teeth that 

received mini-screw and the screw left in situ for 15 weeks. In group III once contact was made with mini-screw, the teeth 

were shifted away from the screw with brackets and Titanium closed coil spring tightened to another bonded orthodontic 

brackets on the neighbor  teeth. Group IV was the control group. The specimens were decalcified, stained and evaluated 

histologically to determine the presence/absence of root resorption, ankylosis and tooth vitality. 

Results: There were no signs of ankylosis, root resorption, moderate to severe inflammation or necrosis within the pulp in 

any experimental group. 

Conclusions: Ankylosis, pulp necrosis and sever root resorption are not common clinical outcomes when mini-screw 

contacts the root. Repair after contact with mini-screw depends on the severity of invasion. More severe invasion needs 

further time necessary for repair. 

Keywords: Ankylosis, Dental Pulp Necrosis, Mini-screw, Root Resorption  
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Introduction 

In the past decades, Temporary Anchorage Devices  

(TADs) have been widely used for fascinating different 

orthodontic treatment procedures including corrections 

of open bites by molar intrusion,1-5 deep bites by incisor 

intrusion,6 Angle’s Class II and Class III correction by 

distalizing molars7-9 and many other though orthodontic 

tooth movements like posterior protraction and molar 

uprighting.1 

There is an array of TADs choices for the clinician 

among the various types of devices;11-15 However, mini-

screws are the most frequently used due to low cost, 

simplicity of insertion and removal, immediate loading, 

positive reaction of patients as well as their small size. 

Mini-screws can also be inserted in both intra-alveolar 

and extra-alveolar sites. However, placement of mini-

screws in non-keratinized tissues can cause 

inflammation and hypertrophy of the mucosa which 

increases the risk of failure. In contrast, placement of 

mini-screws in keratinized gingiva and inter-radicular 

spaces between two adjacent teeth increases the risk of 

damage to root surfaces and periodontium11-15.  

The most serious problems reported when the mini-

screws contact root surfaces of the teeth are ankylosis, 

loss of tooth vitality and also permanent damage to root 

surfaces or periodontal ligament. 16 To prevent root 

damage during interradicular screw placement, safest 

sides for mini-screw placement have been determined, 

using clinical positioning guides and radiographic 

navigation.17-26 Most investigators concluded that root 

contacts are likely to not affect the tooth’s maintenance 

prognosis 27-30 although, ankylosis as well as root and 

bone resorption have been reported by others. 31-33 The 

purpose of this study was to evaluate the hypothesis that 

mini-screw contact with root during its insertion would 

increase the risks of pulp necrosis, root ankylosis and 

external root resorption. 

 

Material &Methods  
Maxillary and mandibular second, third, and fourth 

premolars of five mature beagle dogs, weighting 20-25 

kg with the age range of 18-24 months were used in this 

study. Animals were caged individually supervised in 

the veterinary hospital for small animals for one week 

prior to the study. Their health status was evaluated by 

an experienced veterinary surgeon according to the 

animal welfare regulations. The study design was 

approved by the Ethics Committee of Dental Research 

Center. Animals were surgically pre-anesthetized with 

Ketamine (10 mg/kg) and 2% Xylazine (5 mg/kg) and 

5% Thiopental Natrium. While anesthetized, vital signs 

of the animals were monitored and recorded by trained 

observers.  

 

Twelve mini-screws were inserted in each sample (three 

in each quadrant) so that the screws touched the root 

surfaces. The root surface contact was verified and 

confirmed based on two periapical x-ray with different 

angulations and alteration in tactile sensation of 

clinicians while placing the miniscrews (Figure 1). To 

emulate clinical condition, drilling was discontinued 

after resistance was felt. 

 
Figure 1. The proximity of mini-screw and root surface was 

confirmed by combination of two periapical x-ray with different 

angulations (A & B)  and alteration of resistance during miniscrew 

insertion. 

 
Each premolar tooth was assigned randomly to one of 

the experimental groups as follows: 

 Group I: Mini-screws were placed in contact with 

root surfaces and removed immediately (Jeil 

Medical Corporation, Korea. 6 mm length, 1.5 mm 

diameter, self drilling) (Figure 2) 

 

 Group II: Mini-screws were placed in contact with 

root surfaces and remained unloaded during the 

course of study (15 weeks). 

 

 Group III: Teeth received mini-screw and when 

contact was made the teeth were shifted away from 

the screw with brackets. Orthodontic brackets (Roth, 

0.022 inch) were bonded on buccal surfaces of 

premolar teeth as well as one adjacent cuspid or 

molar teeth in the same quadrant. The selection of 

cuspid or molar teeth was based on the distance of 

the teeth to the selected experimental premolar teeth. 

Brackets (Standard Edgewise, 3M Unitek 

Corporation, Monrovia, CA, USA) were bonded to 
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these teeth with No mix adhesive (3M Unitek 

Corporation, Monrovia, CA, USA) and NiTi closed 

coil spring (Ortho Technology Corporation, Florida, 

USA) were attached with a 0.254 mm (0.010 inch) 

diameter steel ligature wire (3M Unitek Corporation, 

Monrovia, CA, USA); subsequently the premolar 

teeth were pulled away from the adjacent mini-

screws using 60 gr force. Titanium closed coil spring 

tightened to bonded orthodontic brackets were used. 

Simultaneously, the enamel surface was cleaned and 

etched for 30 seconds and these teeth were slid apart 

from each other by an active NiTi-based push coil 

spring (Ormco, Orange, California, USA) on 0.018 

stainless steel segmental arch wires, providing a 

force of 60 g at both sites. 

 

 Group IV: Control group. Premolar teeth that did not 

received mini-screw. Each premolar in each 

quadrant has the same chance to be in each 

experimental group (Figure 3).  

 
Figure 2. Self drilling mini-screw, (1.6 mm diameter, 6 mm length, 

Jeil Medical Corporation, Korea). 

 

 
Figure 3. Clinical photograph indicating randomly assigned 

experimental groups. In this case upper left first premolar was 

assigned to group I, second premolar to group II, third premolar to 

group III and forth premolar to group IV while in lower left quadrant 

first premolar was assigned to group I, second premolar to group III, 

third premolar to group IV and forth premolar to group II. 

 
Figure 4. Maxillary and mandibular jaws before decalcification 

procedure. 

The mini-screws in group II and III were kept in site for 

15 weeks. 

After completion of the experiment, post-operative 

antibiotics (Penicillin 633, OD) and analgesics 

(Mefenamic Acid 250mg, BD) and Tramadol tablet 100 

mg BD were administered for five days. 

At the end of 15 week, the animals were euthanized and 

perfused with 4% Paraformaldehyde and 2% 

glutaraldehyde in 0.05 mol phosphate buffer (PH=7.4) 

for further histological evaluations.  

Tooth specimens which included the insertion sites of 

mini-screws were taken and fixed in 10% buffer 

formalin for two weeks. Mini-screws in group II and III 

were removed from the site and then specimens were 

soaked in 10% nitric acid at an adequate PH for one 

week and embedded in paraffin blocks. The specimens 

were sectioned mesiodistally (5 µm thickness) with a 

microtome (Letiz 1600 Saw microtome), and stained 

with Hematoxylin and Eosin method. Qualitative 

histomorphometric assessments of the coded specimens 

were made by the same examiner twice with a Nikon 

light microscope (E-400, Japan) and digital photographs 

were obtained and recorded. The PDL reorganization, 

the presence/absence of root resorption, ankylosis and 

tooth vitality was investigated. 

 

Results  
Of the sixty teeth examined histologically, twenty 

samples were excluded due to loosening of mini-screws 

or brackets during the 15-week period of the study or 

technical difficulties throughout histological processing 

(4 in group I – 3 in group II - 12 in group III and 1 in 

group IV). As the drilling was discontinued after felting 
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resistance at insertion, the range of induced damage did 

not vary considerably among groups. The extent of 

damage was limited mostly to the minor penetration of 

miniscrews into the dentin. 

Ankylosis 

As it is shown at table 1, no sign of ankylosis was seen 

in the experimental groups; however, in some cases, 

osteoid sequesters were observed in the periodontal 

ligament. As the PDL demonstrated normal widths on 

either side, these sequesters were not considered as an 

ankylosis. 

 

Tooth vitality 

In order to categorize the grade of pulpal tissue 

inflammation, the percentage of inflammation in whole 

pulpal tissue at different microscopic magnifications 

was considered as the inflammation index. (Category I: 

less than 25% of total pulpal tissue; category II: 

between 25%-50% of pulpal tissue; category III: 

between 50%-75% of pulpal tissue; and category IV: 

greater than 75% of total pulpal tissue). 

There were no sign of inflammation more than 25% in 

any of the samples. Pulpal tissue of the tooth with 

loosened mini-screw also demonstrated healthy and 

normal status (Table 1).  

 

Table 1. Distribution of Ankylosis, pulp vitality and complete repair 

by secondary cementum in experimental groups. 

 
Group 

I 

Group 

II 

Group 

III 
Control 

Ankylosis 

yes 0 (0%) 
0 (0%) 0 (0%) 0 (0%) 

no 
16 

(100%) 

17 

(100%) 

8 

(100%) 

19 

(100%) 

Pulp 

vitality 

yes 

16 

(100%) 

17 

(100%) 

8 

(100%) 

19 

(100%) 

no 
0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Complete 

repair by 

secondary 

cementum 

yes 

10 

(62.5%) 

9 

(52.9%) 

1 

(12.5%)  

no 

6 

(37.5%) 

8 

(47.1%) 

7 

(87.5%)  

 

PDL reorganization 

Reorganization was evident due to formation of new 

periodontal ligament fibers, presence of new fibroblasts 

and new PDL cells. In the sample with loosed mini-

screw, inflammation was present in more than 50% of 

periradicular tissues with areas of inflamed granulation 

tissues were found. 

 

Repair of mini-screw defects with 

secondary cementum 

Non uniform formation of secondary cementum was 

found in 62.5% of group I samples, 52.9% of group II 

samples and 12.5% of group III samples; which 

demonstrated the reverse relationship to the depth of 

injury. The greater the depth of injury, the less degree of 

healing and apposition of secondary cementum was 

evident (Figure 4 & Figure 5). 

 

 
Figure 4. The defect is within the cementum and reorganized 

completely by secondary cementum. 

 
 

Figure 5. The defect has invaded dentin and has not covered 

completely by secondary cementum.  

Statistical analysis 

Considering no variation in measured principal 

dependent variables (no ankylosis, no pulp necrosis and 

root resorption), statistical analysis could not be 

performed 

 

Discussion 

As it is stated in the literature, when a miniscrew 

contact a tooth root structure, only minimal damage 

occurs.32 The results of the present study demonstrated 

no sign of moderate to severe pulpitis, PDL and alveolar 

bone inflammation or necrosis after mini-screw contact 

with roots. However, varying degree of injuries and 

repair to periodontal tissues  were observed.  
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An important factor in periodontal response to mini-

screw contact is the actual distance between the mini-

screw and dentin; the less distance between screw and 

dentin, the more the incidence and severity of root 

damage. Complete reorganization of periodontal 

ligament and cementum was observed when dentin was 

not invaded. As figure 5 shows, in this study varying 

degrees of repair by secondary cementum, (dentin 

damaged cases) can be attributed to the extent of the 

damage; the greater the extent of dentinal invasion the 

greater the probability of repair. Comparison of group I 

with group II, demonstrated that leaving the miniscrews 

in contact a root might have detrimental effect of 

healing process of cementum. 

 

Previous clinical studies28,34 and several animal 

studies.27, 30 evaluated healing potential of periodontal 

tissues including cementum, PDL and alveolar bone 

after intentional injuries induced by mini-screws. In a 

clinical study premolar teeth were intentionally moved 

against the mini-screw. Resorptive root damage which 

was repaired by deposition of cellular cementum after 

discontinuation of the force was reported by Maino34. In 

another clinical study Kadioglu concluded that root 

surfaces that touch miniscrews show swift repair and 

almost complete healing within a few weeks after 

removal of the screw or the orthodontic force28. 

Asscherickx in a similar  histologic examination 

reported complete repair of periodontal tissue in 

damaged roots by mini-screw invasion in a period of 12 

weeks, following removal of the screws.27 Renjen in 

another similar study reported no evidence of external 

root resorption and inflammatory infiltrate or necrosis in 

the pulp tissue; however only in cases of severe injury 

with displacement of root fragments ankylosis was 

noted.29 

 

In addition, varying degrees of root damage depends on 

how mini-screw insertion was attempted. Compare to 

oblique angulation, severe root damage by self drilling 

mini-screws tip in a perpendicular direction is unlikely. 

Herman and cope demonstrated less than 0.25 mm 

surface indentation in this regard.10 However, severe 

root damage with complete separation of root fragments 

was reported by Renjen et al, when root invaded by 

mini-screw in an oblique manner,.29 

 

More severe root damages might be attributed to other 

etiologic factors accompanying mini-screw insertion. 

Furthermore, there is a body of evidence that shows that 

tooth pulp damage after dentinal injury is unlikely. 

Notching into the dentin caused new cementum 

formation without pulp damage35 and even apical 

transection of one root of a multi rooted tooth in dogs 

did not cause pulp necrosis. 35 Yaghmaiee et al. 36 

reported that the pulp of multi-rooted teeth remained 

vital after apical transection of the tooth roots in dogs. 

We discontinued drilling after resistance was felt and 

periapical x-ray confirmed close contact with the root to 

emulate clinical condition. Detection of alterations in 

placement resistance of self-drilling miniscrews with 

sharpened tips (which are designed to facilitate their 

placement) compared to self-tapping miniscrews seems 

to be more difficult. This early detection  would avoid 

severe root damage that could occur during placement; 

however, if drilling is continued after contact with tooth 

root,  the displacement of the root might cause PDL 

compression on the opposite aspect of the root which 

may increase the risk of ankylosis in the opposite side of 

PDL, consequently. Resistance increases gradually as 

the miniscrew is placed, but will be sharply differ when 

the miniscrew contact or penetrate into the root 

structure.32 Applicaton of 2-dimensional radiographs is 

not considered appropriate since they overestimate the 

presence of contact with root surface. 10,32 

 

The most commonly reported complications of clinical 

mini-screw application are screw loosening (76%), soft-

tissue overgrowth/irritation (69%), and irritation caused 

by auxiliary springs (67%).37 There were no reported 

cases of tooth ankylosis or pulp necrosis. Unusual 

response to mini-screw invasion (ankylosis, pulp 

necrosis) can be attributed to other possible contributors 

of tissue damage during mini-screw placement e.g. 

insertion torque (the greater the torque, the greater the 

possibility of injury or mini-screw fracture), microbial 

contamination of mini-screw surface, tooth movement 

against the screw, diameter of the screw (the greater the 

diameter, the greater the risk of injury), duration of 

mini-screw contact with tooth root, and the variable 

healing potential of host periodontal tissues. 28,30,33 

 

Sufficient sample size and randomization technique so 

that each premolar tooth in each quadrant has the same 

chance to be in each experimental group was attempted 

to strengthening the power of the study. The most 

important limitation in our study was unavailability of 

3D radiography. We inserted mini-screws in an angle to 
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hit the root; tactile sensation and two dimensional x-ray 

was used to confirm mini-screw-root contact, but sever 

root damage was detected in few samples. In the clinical 

situation, if screw-root contact was suspected, 

redirection of the screw or assistance of a more accurate 

technique (3D imaging) helps avoiding tissue damage.  

 

Conclusion 

 Ankylosis, pulp necrosis and severe root 

resorption are not common clinical outcomes 

when mini-screw contacts the root.  

 Repair after contact with mini-screw depends 

on the severity of invasion; the greater the 

depth of the invasion, the greater the 

probability of repair. 
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