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General Information 

KLES Dental Journal is dedicated to bringing dental research to the 
forefront. It looks to promote research through clinical trials as well as 
research in the basic sciences. KDJ is the official mouthpiece of the 
organization. The main preview of the journal is research articles and 
evidence based dentistry articles.

Scope of the Journal:
The Journal focuses on original scientific papers, reviews, case reports, and 
method presentation articles in the field of dentistry. Original articles are 
published in all dentistry-related disciplines, all areas of biomedical 
science, applied materials science, epidemiology and social science 
relevant to dental disease and its management.

Editorial Process:
The manuscripts will be reviewed for possible publication with the 
understanding that they are being submitted to one journal at a time and 
have not been published, simultaneously submitted, or already accepted for 
publication elsewhere.

The Editors review all submitted manuscripts initially. Manuscripts with 
insufficient originality, serious scientific flaws, or absence of importance of 
message return the unaccepted manuscripts.

Other manuscripts are sent to two or more expert reviewers without 
revealing the identity of the authors to the reviewers. Within a specific 
period of time, the authors will be informed about the reviewers' comments 
and acceptance/rejection of manuscript. Articles accepted would be copy 
edited for grammar, punctuation, be sent to the first author, which has to be 
returned within five days. Correction received after that period may not be 
included.

Appeal of Decision:
The editorial board's decision is final and cannot be appealed.
 
Authorship Criteria & Credit:
The main author (named as the corresponding author on the manuscript) 
should be prepared to communicate with the editorial office and with all 
other authors (where appropriate) regarding the submission and preparation 
of the paper (assuming acceptance). All authors of research papers should 
have some involvement in at least one of the following:

Intellectual content of the paper by involvement in the design of the study, 
the collection of data and/or the analysis and interpretation of data, the 
drafting and editing of the manuscript, the statistical analysis of the 
manuscript, substantial involvement in obtaining funding, administrative 
and/or technical support or supervision of the study.

The order of authorship on the byline should be a joint decision of the co-
authors. Authors should be prepared to explain the order in which authors 
are listed. Once submitted, the order cannot be changed without written 
consent of all the authors.

Types of Manuscripts and word limits
Original research articles
Randomised controlled trials, intervention studies, studies of screening and 
diagnostic test, outcome studies, cost effectiveness analysis, case-control 
series, and surveys with high response rate. Up to 2500 words excluding 
references and abstract.

Short Communication
Up to 1000 words excluding references and abstract and up to 8 references. A 
short communication contains only a short report of the case (only pertinent 
details) and a short discussion and references upto a maximum of 8. Number 
of figures should be restricted to a maximum of 6

Case reports
Only New / interesting / very rare cases can be reported. Cases with clinical 
significance or implications will be given priority, whereas, mere reporting 
of a rare case may not be considered. Up to 2000 words excluding references 
and abstract and up to 10 references.

Review articles
Systemic critical assessments of literature and data sources. Up to 3,000 
words excluding references and abstract.

Method Presentation Articles/ Tip Article
Should conform to the highest scientific and clinical practice standards. 
Limited to 700 words, 4 illustrations, and 5 references.

Letter to the Editor
Should be short, decisive observation. They should not be preliminary 
observations that need a later paper for validation. Up to 400 words and 4 
references.

Submission Of Manuscript:
Manuscripts should be typed on A4-size paper, double-spaced, and on one 
side only. Page should have at least one-inch margins.

Ÿ THREE copies of all elements of the manuscript (refer to Manuscript 
Formats below), with a CD-ROM containing the manuscript, should be 
sent to: Editor-in-Chief/Editorial Office  ……………......

Ÿ E-mail submission <………………….. > of manuscript is acceptable, 
provided that a separate covering letter and ONE copy of all elements of 
the manuscript are sent to the above address.

Manuscript Formats:
 The format of a manuscript should be as follows: 
1. Title page (page 1) 
2. Abstract with key words (page 2)
3. Introduction,  Materials and methods, Results, Discussion,  
    Acknowledgements (if any)
4. References
5. Figure legends, and Tables (on separate sheets). Illustrations and tables 
    should be cited in text in numerical order.

Preparation of the Manuscript:
I. Original Scientific article

Title Page
The title page should carry:
1. Type of manuscript
2. The title of the article, which should be concise, but informative;
3. Running title or short title not more than 50 characters;
4. Name of the authors (the way it should appear in the journal), with his or      
    her highest academic degree(s) and institutional affiliation;
5. The name of the department(s) and institution(s) to which the work    
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     should be attributed;
6. The name, address, phone numbers and e-mail address of the  contributor 
 responsible for correspondence about the manuscript;
 
Abstract Page
The second page should carry the full title of the manuscript and an abstract 
(of no more than 150 words for case reports, brief reports and 250 words for 
original articles).

The abstract should be structured and state the Context (Background), Aims, 
Settings and Design, Methods and Material, Statistical analysis used, Results 
and Conclusions. Below the abstract, 3 to 6 key words have to be provided.

Introduction   
State the purpose of the article and summarize the rationale for the study 
or observation.

Material & Methods
Describe the methods adopted, including study design, aim & objective of 
the study, setting, duration & time period of the study, inclusion & exclusion 
criteria, sample size selection & determination, definition of cases & 
controls in case of analytical study, method of measurement( If questionnaire 
is used, a copy of the questionnaire has to be attached), standardization, 
examiner reliability, and statistical tests with level of significance.

Statistical Methods:
Statistical methods should be described with enough detail to enable a 
knowledgeable reader with access to the original data to verify the reported 
results. When possible, findings should be quantified and appropriate 
measures of error or uncertainty (such as confidence intervals) given. The 
computer software and the statistical method(s) used should be specified 
with references to standard works when possible (with pages specified).

It is not sufficient to merely specify the computer software used (e.g. SPSS). 
The actual statistical techniques employed (e.g. unpaired t-test) should also 
be clearly identified. If any complex methods are used, these require some 
explanation. They may also benefit from appropriate references and/or a 
more detailed description as an appendix to the manuscript.

Ethical approval
Manuscripts must include a statement that the experiments were undertaken 
with the understanding and written consent of each subject. A statement 
regarding the fact that the study has been independently reviewed and 
approved by an ethical board should also be included.

Results:
Present results in a logical sequence in the text, tables, and illustrations, 
giving the main or most important findings first. Emphasize important 
observations, and present the observations without reference to earlier 
literature or to possible interpretations. Data must not be duplicated in Tables 
and Figures. In the text, emphasize or summarize only important 
observations.

Discussion
This section may usefully start with a brief summary of the major findings, 
but repetition of parts of the abstract or of the results section should be 
avoided; the first paragraph of this section should state whether the null 
hypothesis was rejected or not. The Discussion section should progress with 
a review of the methodology before relating the observations to other 
relevant studies; point out the implications of the findings and their 
limitations. The Discussion should end with a comment on the potential 
clinical relevance of the findings. Statements and interpretation of the data 
should be appropriately supported by original references. 

Acknowledgement & Conflict of Interest
Acknowledgments at the end of the discussion, acknowledgments may be 
made to individuals who contributed to the research or the manuscript 
preparation at a level that did not qualify for authorship. This may include 
technical help or participation in a clinical study. Authors are responsible for 
obtaining written permission from persons listed by name. 
Acknowledgments must also include a statement that includes the source of 

any funding for the study, and defines the commercial relationships of each 
author.

Conflicts of interest in the interest of transparency and to allow readers to 
form their own assessment of potential biases that may have influenced the 
results of research studies, it is required that all authors declare potential 
competing interests relating to papers accepted for publication. Conflicts of 
interest are defined as those influences that may potentially undermine the 
objectivity or integrity of the research, or create a perceived conflict of 
interest.

Conclusion:
This must not be a summary of the findings. Instead, state only conclusions 
related to each of the aims of the study and to the null hypotheses. Avoid 
unqualified statements and conclusions not adequately supported by the 
data.

II. Review Article
These manuscripts are generally systematic reviews of topics of high clinical 
relevance to oral, dental and craniofacial research. Meta-analyses should be 
considered only when sufficient numbers of studies are available. 
Manuscripts that include investigations of limited study quality of under-
studied areas are typically not acceptable as topics for a clinical review. 
Although some systematic reviews may be well done, those that receive 
highest scientific priority will only be considered given the very limited 
space allowed for these reviews in the journal. Review articles must have 
broad general interest.

Abstract: Should be structured (Objectives; Data sources; Study selection; 
Conclusions) and of no more than 250 words, giving details of what was 
done including the literature search strategy. 

Main Text of Review Articles. Should be divided into Introduction, Data 
Sources, Study Selection, Review, and Conclusions. The Review section 
should be divided into logical sub-sections in order to improve readability 
and enhance understanding. Search strategies must be described and the use 
of state-of-the-art evidence-based systematic approaches is expected.

III. Case Reports, Short Case Presentations, and Method Presentation 
Articles
Abstract should be no more than 150 words using the following structure that 
can be published on PubMed.

Aim: Give a clear statement of the main aim of the report and the clinical 
problem which is addressed.
Summary: Describe the methods adopted including, as appropriate, the 
design of the study, the setting, entry requirements for subjects, use of 
materials, outcome measures and analysis if any.

Case reports: Should have importance and significance. Repetition of well-
known and extensively published conditions will not be accepted. Include a 
thorough literature review and emphasize the clinical relevance.

Short Case Presentation: Interesting cases authors would like to share with 
the readers.
 
Method Presentation Articles: Must present significant improvements in 
clinical practice (a novel technique, technological breakthrough, or practical 
approaches to clinical challenges). Main Text should be divided into 
Introduction, Report, Discussion and Conclusion. They should be well 
illustrated with clinical images, radiographs, diagrams and, where 
appropriate, supporting tables and graphs. All illustrations must be of the 
highest quality.

References

List references at the end of the article in numeric sequence. Do not include 
unpublished data or personal communications in the reference list. Cite such 
references parenthetically in the text and include a date.
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Ÿ  Standard Scientific Journal
 Benoliel R, Eliav E. Neuropathic orofacial pain. Oral Maxillofac Surg 
 Clin North Am  2008;20:237–254.
Ÿ  Journal Supplement
 Bartlett D, Ganss C, Lussi A. Basic Erosive Wear Examination 

(BEWE): A new scoring system for scientific and clinical needs. Clin 
Oral Investig 2008;12(1 suppl): S65–68.

Ÿ Standard Text Book
 Kielbassa AM (ed). Radiotherapy of the Head and Neck. Implications 
 for Dentists, 
 Ear- Nose-Throat Physicians, and Radiologists [in German]. Hannover: 
 Schlütersche, 2004:43.

Ÿ  Book Chapter
 Paul S. Nonmetal posts: How do they fare in daily dentistry? In: Sadan A 
 (ed). Quintessence of Dental Technology 2008. Chicago:  
 Quintessence, 2008:61–70.

Ÿ  Thesis
 Müller J. Penetration and Sealing Ability of Different Adhesives in   

Subsurface Lesions of Enamel [in German]. Berlin: Doctoral Thesis, 
 2005:28.

Ÿ  Internet/URL
 The WHO Oral Health Country/Area Profile Programme website. 
 Available at:  www.whocollab.odont.lu.se. Accessed 17  
 December 2002.

Copyrights   
The whole of the literary matter is the copyright of the Editorial Board. The 
Journal, however, grants to all users a free, irrevocable, worldwide, perpetual 
right of access to, and a license to copy, use, distribute, perform and display 
the work (either in pre-print or post-print format) publicly and to make and 
distribute derivative works in any digital medium for any reasonable non-
commercial purpose, subject to proper attribution of authorship and 
ownership of the rights. The journal also grants the right to make small 
numbers of printed copies for their personal non-commercial use. The 
copyright form duly signed by all the authors should be submitted 
immediately after submitting the manuscript.

Disclaimer:

All reasonable precautions have been taken by the authors, editors, and 
publishers to verify drug names and doses, the results of experimental work 
and the clinical findings published in this journal. The opinions expressed are 
those of the authors, and not necessarily those of the editors or publishers. 
The ultimate responsibility for the use and dosage of drugs mentioned in the 
Journal and in the interpretation of published material lies with the medical 
practitioner, and the editors and publishers can accept no liability whatsoever 
in respect of any claim for damages arising from there. Please inform the 
editors of any errors.

Contributors' Form

Manuscript Title _________________________

I / We certify that I/we have participated sufficiently in the intellectual 
content, conception and design of this work or the analysis and interpretation 
of the data (when applicable), as well as the writing of the manuscript, to take 
public responsibility for it and have agreed to have my/our name listed as a 
contributor. I/we believe the manuscript represents valid work. Neither this 
manuscript nor one with substantially similar content under my/our 
authorship has been published or is being considered for publication 
elsewhere, except as described in the covering letter. I/we certify that all the 
data collected during the study is presented in this manuscript and no data 
from the study has been or will be published separately. I/we attest that, if 
requested by the editors, I/we will provide the data/information or will 
cooperate fully in obtaining and providing the data/information on which the 
manuscript is based, for examination by the editors or their assignees. 
Financial interests, direct or indirect, that exist or may be perceived to exist 
for individual contributors in connection with the content of this paper have 
been disclosed in the cover letter. Sources of outside support of the project 
are named in the cover letter.

I/We hereby transfer(s), assign(s), or otherwise convey(s) all copyright 
ownership, including any and all rights incidental thereto, exclusively to the 
KLE's Dental Journal , in the event that such work is published by the KLE's 
Dental Journal. The KLE's Dental Journal shall own the work, including 1) 
copyright; 2) the right to grant permission to republish the article in whole or 
in part, with or without fee; 3) the right to produce preprints or reprints and 
translate into languages other than English for sale or free distribution; and 4) 
the right to republish the work in a collection of articles in any other 
mechanical or electronic format.

We give the rights to the corresponding author to make necessary changes as 
per the request of the journal, do the rest of the correspondence on our behalf 
and he/she will act as the guarantor for the manuscript on our behalf.

All persons who have made substantial contributions to the work reported in 
the manuscript, but who are not authors, are named in the Acknowledgment 
and have given me/us their written permission to be named. If I/we do not 
include an Acknowledgment that means I/we have not received substantial 
contributions from non-authors and no author has been omitted. 

Name                     Signature               Date signed

1   -------------     ---------------                ------------

2   -------------     ---------------                ------------

3   -------------      ---------------                ------------

(up to three authors for short communication)
4  -------------         ---------------                ------------
 
(up to four authors for case report/review)

5  -------------         ---------------               ------------
 
6  -------------         ---------------                ------------
 
(up to six authors for original studies )
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Inputs From The Chief Editor 

Message

KLES Dental Journal 

It gives me great pleasure and welcome you to the fifth volume of KLE'S Dental Journal.

I believe that the journals help us to move forward clinically and academically.

We invite all researchers, specialists and clinicians of various specialities to share their knowledge to improve our 
dental practice. Your valuable contribution will continue to advance this publication and help us attain our 
objectives.

In view of eco friendly measures to spare enormous amount of paper, online issues will be published from now 
onwards

From the Editorial Board 

Message

Dr. B.K. Srivastava
Professor & HOD

            Department of Public Health Dentistry
KLE Institute of Dental Sciences, Bangalore 

Dr Supriya.Manvi
Co Editor

KLES Dental Journal

“DOCUMENTATION IS THE INTEGRAL PART OF RESEARCH”.

I strongly believe that the road to improvement is never ending. The present KLES Dental Journal has 

evolved in the light of the valuable criticism, suggestion and feedback received from dental practitioners, 

academicians and other readers of this journal from all over the country. 

Dentistry is now facing new challenges. The need of the hour is to overcome these challenges with unity and co-

operation from dental fraternity.

Suggestions and criticism for further improvement of the KLES Dental Journal will be much appreciated and 

most gratefully acknowledged.
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MAXIMUM STRESS GENERATED IN A SINGLE TOOTH IMPLANT 
AND POST CORE TREATED TOOTH SUBJECTED TO VARIABLE LOADS 

A 3D FINITE ELEMENT ANALYSIS.

Abstract : 
Background & Objectives: In spite of many advances in the field of prosthodontics , the choice of 
whether to retain a grossly decayed tooth or to extract and replace  with an implant supported 
prosthesis, is debatable. The viability of a treatment  depends on the preservation of the supporting 
structures which in turn greatly depends on the stressess generated on them through the treatment 
rendered . Hence, the study of stressess generated becomes essential in selection of a  treatment .

Methods and material : Two 3D finite element models were generated to study the stress 
distribution pattern in single tooth implant and post-core treated tooth by using ANSYS software. 
First model (Model-I) was of an osseointegrated single tooth implant with a crown, surrounded by the 
supporting structures. Whereas second model (Model-P) was of a maxillary second premolar with 
2mm of coronal tooth structure, treated with fiber post , composite resin core and porcelain fused to 

0metal crown. Both the models were subjected to 200N, 300N, 400N and 500N in axial (0 ) and non-
0 0axial (15 , 45 ) direction and maximum von misses stress in both models were tabulated for direct 

comparision .

Results: The maximum von misses (Σv) stress produced in model-I was 34.8 – 87.0 in the axial 
direction and 93.7- 499.3 in non-axial directions . In Model-P , the maximum Σv stress produced was 
33.7 –67.4 in axial direction and 36.7 -  111.6  in non-axial directions 

Interpretation & Conclusion: Within the limitation of the study, it was concluded that on axial 
loading both the treatment modalities had comparable stress values . But on non-axial loading , 
implant showed to have considerably higher stress than post-core treated tooth Hence, this study 
favours retaining and restoring a compromised tooth with post-core and crown rather than extracting 
and replacing with an implant supported prosthesis . 

Key words : Post core , Implant , Von mises stress , Axial loading , Non axial loading. 

1 2Professor & Head, Post Graduate Student 

Department of Prosthodontics Vydehi Institute Of Dental 

Sciences Bengaluru

Contact for correspondence:

Dr. Honey Arora

Post graduate student, Department of Prosthodontics Vydehi 

Institute Of Dental Sciences Bengaluru

Ph : 9845982879 

Introduction
There is always a dilemma in choosing a 
treatment option when a grossly compromised 
tooth presents in a clinical scenario. The two 
highly predictable procedures considered for the 

1 2Dr. Suneetha Rao , Dr. Honey Arora

same are implant therapy and post core treatment. 
With the advent of implants  , extracting a 
compromised tooth and replacing with an 

1
implant  supported prosthesis is the most 
preferred treatment of choice! Undoubtedly, 
alveolar bone plays a key role in providing 
support to the teeth as well as implants, which are 
anchored to the bone by desmodontal  fibers and 
osseointegration respectively. Therefore, the 
treatment rendered should be planned with the 
ultimate goal to preserve alveolar bone and 

2surrounding structures.  Alveolar bone resorption 
can occur due to a variety of factors such as 
endodontic pathology, periodontitis, trauma, 
aggressive surgical procedures during implant 
therapy or surgical management of periapical   

1 KLES Dental Journal  * Vol-6 * 2017 



3,4
infection. Besides the above mentioned factors, 
stress, regardless of its cause, always produces 

5  
an  increase in the rate of bone resorption . Due 
to insufficient information on the comparison of 
these two treatment modalities, the selection of 
one over the other is more of operators choice 
and skill and hence more subjective. This study 
was undertaken with the aim to objectively assist 
the clinical judgement for a severely 
compromised tooth. As stress plays a major role 
in the resorption of bone and is directly or 
indirectly related to prognosis of both the 
treatment modalities, it has been considered for 
this study. 

Materials And Method
This study was done to evaluate stress 
distribution in single tooth implant and post core 
treated tooth using finite element analysis. For 
the purpose of this study, two computer 
generated isotropic and homogenous FEA 
models were constructed:  

Model-I:  Single tooth implant restored with 
crown, surrounded by anatomic structures.

Model-P:  Endodontically treated tooth, restored 
with post-core and crown, surrounded by 
anatomic structures 

Graphic pre processing software - ANSYS 
version 10 was used for creating the geometric 
representation of Model-I and Model-P with 
surrounding anatomic structures. These models 
were of established dimensions possessing the 
physical properties such as Young's modulus and 
Poisson's ratio, of normal anatomic structures 
and materials utilized to study the stress 
distribution pattern. 

Model-I:
Model-I represented an osseointegrated single 
tooth implant with a crown, surrounded by 
isotropic and homogenous cortical and 
cancellous bone . The young's modulus values 

6,7were used to generate model-I  . The parameters 
used to generate Model-I, were residual alveolar 

8 9
bone width: 4 mm , bone quality: D-1  ,cortical 

10bone thickness: 2mm , implant –  parallel 
11tapered Ti alloy (Ti, 6Al, 4V) implant , 

abutment – titanium alloy (Ti, 6Al, 4V), 
connecting screw- titanium alloy (Ti, 6Al, 4V) , 
crown – PFM (Vita metal ceramics and 
Bellabond Ni-Cr alloy coping) , luting agent for 

7
crown – Panavia F resin cement.

Model-P: 
Model-P represented  maxillary second premolar 
with 2mm of coronal tooth structure remaining 
post- endodontically, restored with post-core and 
PFM restoration . The young's modulus and 

6,7,12,13poisson's ratio were used for the modelling  . 
Following details were used to generate this 
model: coronal tooth structure:  Class V with no 
remaining cavity wall with 2mm of ferrule all 

14 15 around  , root length: 14 mm ,   cementum: 
16 16 

0.12mm  , periodontal membrane: 0.2mm , 
9 

bone quality: D-1 , cortical bone thickness: 
102mm  , remaining gutta percha after post space 

17 
preparation: 4mm , post space preparation width 

17 
: 1.1mm , post used:  Parallel-tapering fiber-

17 17post , post diameter , apical – 1mm and coronal 
– 1.8 mm ,  core – dual cure titanium reinforced 
composite resin (Ti-core)  , thickness of metal 
coping was 0.5mm and porcelain thickness used 

18 was 1.3mm , luting agent for crown and post– 
7

Panavia F Resin cement .

Each finite element model was divided into small 
elements.  Each element was considered to be 
interconnected at a number of discrete points 
called Nodes.  Each model was meshed by 
elements defined by 4 - 12 nodes.  The 
displacement of each of these nodes was 
calculated to determine the maximum Von Mises 
stress throughout the structure. Each of these 
models was subjected to varying loading 
conditions in axial and non-axial directions.

Force and direction in which force is applied:
0 0 – 200N, 300N, 400N, 500N

0
15  – 200N, 300N, 400N, 500N

0 
45 – 200N, 300N, 400N, 500N

The load was applied at a point where functional 
cusp comes in contact with each other. For 
maxillary premolar 2 point contact was 
considered, one on mesial marginal ridge and one 

19
on the palatal cusp tip  . For non-axial loading - 

0 0 load was applied at 15 and 45 from the bottom of 
the crown. Maximum Von Misses stress 
equivalent were observed and compared. 

Results
The maximum von misses ( Σv ) stress produced 
in Model-I and Model-P, under axial and non-
axial loading are tabulated in Table-1  and 
graphically represented in   Graph-1. 

On 200N loading in axial and non-axial direction:

KLES Dental Journal KLES Dental Journal 
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0At 0 , maximum Σv stress produced in Model-I 
and Model-P showed no significant difference as 

0seen in Fig-1 and Fig-2. At 15 , maximum Σv 
stress produced in Model-I was approximately 
three times higher than that produced in Model-P 

0as seen in Fig-3 and Fig-4. At 45 , maximum Σv 
stress produced in Model-I was four times higher 
than that produced in Model-P as seen in Fig-5 
and Fig-6.

On 300N loading in axial and non-axial 
direction:

0At 0 , maximum Σv stress produced in both the 
models showed no significant difference, as seen 

0
in Fig-7 and Fig-8. At 15 , maximum Σv stress 
produced in Model-I was approximately two 
times higher than Model-P as seen in Fig-9 and 

0
Fig-10.  At 45 , maximum Σv stress produced in 
Model-I was approximately three times higher 
than that of Model-P as seen in Fig-11 and Fig-
12.

On 400N loading in axial and non-axial 
direction:

0
At 0 , maximum Σv stress produced in Model-I 
and Model-P showed no significant difference as 

0
seen in Fig-13 and Fig-14. At 15 , maximum Σv 
stress produced in Model-I was almost two times 
higher than that produced in Model-P as seen in 

0
Fig-15 and Fig-16.  At 45 , maximum Σv stress 
produced in Model-I was approximately three 
times higher than that produced in Model-P as 
seen in Fig-17 and Fig-18.  

On 500N loading in axial and non-axial 
direction:

0
At 0 , maximum Σv stress produced in Model-I 
was negligibly higher than that of Model-P as 

0seen in Fig-19 and Fig-20.  At 15 , maximum Σv 
stress produced in Model-I approximately three 
times higher than Model-P as seen in Fig-21 and 

0Fig-22.   At 45 , maximum Σv stress in Model-I 
was approximately four times higher than that of 
Model-P as seen in Fig-23 and Fig-24. 

With the above findings, it can be interpreted that 
on increasing load and inclination on models, 
stress produced in both the models also increased 
significantly. On comparison, Model-I and 
Model-P showed no significant difference on 
axial loading. But on non-axial loading, Model-I 
showed significantly higher stress than Model-P. 

Maximum Stress values in Model-I 
and Model-P at 200N force 

Model-I Model-P

Fig- 1: 
0

At 0  (34.8 MPa) 
Fig-2: 

0At 0  (33.7MPa)

Fig- 3: 
0At 15  (93.7 MPa)  >

Fig-4: 
0

At 15  (43.474MPa)

Fig-5: 
0At 45  (199.7 MPa)  >

Fig-6: 
0

At 45  (55.8 MPa)

Maximum Stress values in Model-I 
and Model-P at 300N force 

Model-PModel-I    

Fig- 7: 
0

At 0 (52.2 MPa) 
Fig-8: 

0t 0  (50.6 MPa)
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Fig- 9: 
0At 15  (140.6 MPa)  >

Fig-10: 
0At 15  (65.2 MPa)

Fig- 11: 
0

At 45  (299.6  MPa)  >

Fig-12: 
0

At 45  (83.7 MPa)

Maximum stress values in Model-I 
and Model-P at 400N force 

Model-P Model-I     

Fig- 13: 
0At 0  (69.6MPa)  ≥    

Fig-14: 
0At 0  (67.4MPa)

Fig- 15: 
0

At 15  (187.4 MPa)  >
Fig-16: 

0At 15  (86.9 MPa)

Fig- 17: 
0At 45  (399.4 MPa) >

Fig-18: 
0At 45  (111.6 MPa)

Maximum stress values in Model-I and 
Model-P at 500N force 

 Model-PModel-I
Fig-19: 

0At 0  (87.06MPa) ≥    
Fig 20: 

0At 0  (67.4MPa)

Fig-21: 
0

At 15  (234.3MPa)             

Fig-22: 
0At 15  (86.9MPa)

Fig-23: 
0At 45  (499.3MPa)     >

Fig-24:
0At 45  (111.6MPa)
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Graph-3: Comparison of maximum Σ  stressv

produced in Model-I and Model-P

Table-5: Maximum Σ  stress produced in v

Model-I and Model-P

Discussion
For Model-I, parallel tapered titanium implant 
(3.75 diameter and 10mm length) was selected as 
it offers advantage of both parallel (more surface 
area and better stress distribution) and tapered 

11(improved primary stability)  . Implant was 
assumed to be placed in correct axial inclination 
so straight screw type titanim abutment was 
considered in the study.  Implant design was 
selected based on the stress produced by that 
particular parameter. For the study, square 
threads with thread pitch being 0.8 mm and 

20 thread width was selected to be 0.4mm . Also, 
micro-threads were included in the design as it 
provides better implant stability and more 

21surface area .

For Model-P, class-V (no remaining wall with 
2mm of ferrule) was considered for the study 

because it is most difficult clinical situation to 
14restore . To restore this type of clinical situation, 

fiber - post (1.8mm), composite resin core and 
porcelain fused to metal crown was considered. 
Fiber post and composite resin core were selected 
for the study as they have elastic modulus similar 
to that of dentin and they tend to have a better 
biomechanical performance and homogenous 

17
stress distribution

Its been observed that maximum bite force 
r e a c h i n g  u p  t o  7 0 0 N  d u r i n g  

20
parafunciton .Hence, in order to evaluate 
stresses in normal and para functional situations, 
loads  considered for the purpose of  this study 
were 200N, 300N, 400N, 500N. Also, loads were 

0 0 0observed in both axial (0 ) and non-axial (15 , 45 ) 
direction in order to simulate oral conditions.

On comparision, maximum Σv overall stress 
produced in both the models did not show any 
significant difference on axial loading. Whereas 
on non-axial loading, stress produced in Model-I 
was considerably higher than that produced in 
Model-P. This may be because of presence of 
periodontal ligament ( PDL) in Model-P which 
decreases the stress transferred to the surrounding 

22,23
structures

The result of the study showed that in Model-I, 
when force applied was increased from 200N to 
500N, stress produced also increased by two 
times (stress concentration being at cortical bone 
and micro-threads). Also, stress produced 
increased by three times with the increase in the 
inclination of the loads which was in accordance 

24 
with another study which concluded that in 
implants maximum effective stress induced by an 
oblique load was twice as high as the maximum 
effective stress caused by an equal magnitude of 
vertical or axial load.

Conclusion
Within the limitations of the study, it can be 
concluded that on axial loading, maximum von 
misses stress produced in both the treatment 
modalities showed no significant difference. But 
on non-axial loading, stress produced in implant 
model was significantly higher than post core 
treated tooth model. Therefore it can be 
concluded that it is preferable to retain a post core 
treated tooth than extracting and replacing with 
an implant supported prosthesis.
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Abstract : Objectives - Many indirect restorative materials are available for use as crown material in 
dentistry. Ceromers are among the widely used indirect restorative material as it provides excellent 
esthetics as well as function. Recently new PEEK materials also shown the similar properties as 
ceromers. There is not available literature regarding comparison between the two materials hence this 
study has carried out.
Materials And Methods-12 non carious extracted premolars was prepared (12º taper and 1mm 
finish line) and given ceromer and PEEK crowns. In each group n = 6 samples were present. These 
samples then thermocycled. (5000 thermocycles between 55±5º Cwith 20 seconds of dwell time in 
each waterbath). Flexural strength and marinal accuracy values were calculated using UTM machine 
and stereomicroscopy respectively.
Results- Ceromercrowns showed higher average flexural strength values than PEEK crowns. 
Although PEEK crowns shows lowest marginal gaps as compared to ceromer crowns. The results 
were subjected to independent t test.
Conclusions- Ceromer is the choice of material for anterior restorations as it is more transparent than 
the PEEK. PEEK can be good material for posterior restorations as it showed less marginal Gaps As 
Well As Dampening Effect. Further Studies Required For Much Cleaner Picture.
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Introduction 
The increasingly frequent demands of patients 
for highly aesthetic dental prosthetic restorations 
accelerated the development of new materials 
and technology. The desire for tooth colored and 
metal free restoration led to all ceramic 
restorative designs but the brittleness of ceramic 
materials has limited their clinical applications. 
The recently introduced indirect composite 
materials (Ceromer and PEEK) or fiber 
reinforced composite (FRC) system, which 
provides an attractive alternative to ceramic and 

1
resin materials.

Indirect composite restorations are aesthetic 
materials with different shades and wear value of 

COMPARATIVE EVALUATION OF FRACTURE STRENGTH AND 
ACCURACY OF MARGINAL FIT OF RESTORATIONS FABRICATED 

USING CEROMER AND PEEK

these restorations are very close to natural teeth 
and the modulus of elasticity is quite similar to 
dentin. Ceromer material a second generation 
indirect composites, its mechanical properties 
have been improved compared to composite or 
ceramic, because of its high filler content and 
optimal polymerization process.

Ceromer Crowns has sufficient mechanical 
strength to resist occlusal forces while 
maintaining excellent esthetics and biologic 

5
properties.

PEEK (Poly ether ether ketone) is an advanced 
thermoplastic biomaterial  have been 
successfully used in applications such as crowns 
,bridges, healing caps and temporary abutments 
due to mechanical strength, aesthetic qualities, 
soft tissue response, ability to shape. PEEK 
means material can provide wider range of 
implant application within the restorative and 

2
prosthetic dentistry.

Long term clinical success of restoration is 
determined by two main properties of the 
restoration that is fracture toughness and  
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marginal accuracy checked after ageing. Lack of 
adequate fit is potentially detrimental to the tooth 
and the supporting periodontal tissues and 
dissolution of luting cement.

Not much literature is found which shows 
comparison of these mechanical properties in 
Ceromer and PEEK indirect composites for a 
better guide in regular use.

Aim
To compare fracture strength and accuracy of 
marginal fit of restorations fabricated using 
ceromer and PEEK.

Materials and methods 
In this study 12 non carious extracted human 
lower first premolars were used. The teeth were 
cleaned and treated with 10% neutral formalin 
solution. Then the teeth were cleaned in the 
distilled water and placed in the mold with the 
help of boxing wax.

Fig 1 showing extracted premolar teeth

Tooth preparation done on these extracted 
premolars with 1mm shoulder finish line and 12 
degree taper angle with a diamond rotary 
instrument in a parallelometer with the water 
cooling device. Sharp line angles were rounded.

The prepared teeth were scanned with a 
laboratory scanning device for entire surface 
area. Then both (ceromer and peek) the crown 
with maximum retention was designed and then 
milled in device. These specimens then divided 
into ceromer group (targis) and peek group (n = 
6).

Fig 2  showing peek crowns                                                                

Fig 3 showing ceromer crowns

 These specimens then were stored in water in an 
incubator (Hera cell 150; Heraeus Kulzer) for 60 
days at 37ºC and then underwent 5000 
thermocycles (between 55±5ºC) (Thermocycler 
THE 1100; SD Mechatronik) with a 20- second 
dwell time in each water bath.

Thermocycled crowns were tested for flexural 
strength in UTM (universal testing machine) and 
marginal accuracy using stereomicroscope.

Fig 4 showing 
stereomicroscope                                                    

Fig 5 
showing UTM machine
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Results
The following were the results
Mean flexural strength values: Table 1



Table 1 shows average flexural strength values 
of ceromer and peek crowns. Results showed 
that ceromer possess more flexural strength 
(132.5 mpa) values than the peek crowns 
(125.2mpa) after thermocycling. Following 
diagram shows graphical representation of 
comparison of flexural strength.

Mean marginal accuracy values: 
Table 2
Table 2 dictates that marginal gaps are seen more 
in ceromer (60.83μm) as compared to peek 
(45.17μm) after thermocycling. Following graph 
shows the comparison between marginal 
accuracy values of both the crowns.

Discussion
Ÿ Many ceromer systemsand type of peek 

materials are in use, minimal clinical data is 
available to support their use as crown and 
bridge material.

Ÿ In this study, ceromer (targis) and peek 
crowns were compared for flexural strength 
and marginal integrity after thermocycling to 
assess if these 2 materials can fulfill the above 
mentioned requirements of prosthesis.

Ÿ According to values obtained from this study, 
peek crowns showed slightlylower flexural 
strength as compared to ceromer (Targis ) but 
when compared for marginal accuracy they 
showed better values than ceromers.

Ÿ Least amount of difference was found 
between ceromer and peek as per this study In 
terms of comparison of these two mechanical 
properties.

Ÿ It is difficult to consider which of these two 
materials is better for clinical use only by the 
comparison of two mechanical properties, 
because for the success of these materials 
other factors such as anatomy of the tooth, 
taper of the preparation and other mechanical 
properties also need to be considered.

Ÿ As per previous studies, ceromers  showed 
least flexural strength and marginal accuracy 
with the increase in cervical constrictions of 
the tooth and the taper of the preparation(F. 
Gerami-Panah,1 S. Boushehri2 Journal of 
Dentistry, Tehran University of Medical 

5,6Sciences, Tehran, Iran (2004; Vol. 1, No. 2)
Ÿ When other properties such astranslucency is 

considered ceromer shows better results than 
peek(CeromerTM/FRC Technology: The 
Future of Biofunctional Adhesive Aesthetic 
Dentistry Newton Fahl, Jr., DDS, MS Renzo 
C. Casellini, and MDT.)

Ÿ Many of recent studies showed that p/eek has 
long term biocompatibility. Therefore peek 
can provide solutions in wide range of implant 
applications in restorative and prosthetic 
dentistry.

Ÿ Also peek materials shows dampening effect  
(shock absorber effect ) so it can be useful as a 
r e s t o r a t i v e  m a t e r i a l  i n  i m p l a n t  
dentistry.(Clinical implant dentistry and 
related research December 2010)

Conclusion
As per the results states, we can conclude that 
ceromer can be a material of choice for anterior 
restorations because of its good translucency and 

KLES Dental Journal 
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Statistical analysis
The results were subjected to independent t test.
Significance value of mean flexural strength 
obtained was 0.474. 
Significance value of mean marginal accuracy 
obtained was 0.188.



peek can be material of choice for posterior 
restorationsand implant prosthesis because of 
good marginal accuracy and dampening effect.
Therefore more studies are required to assess 
other properties of these materials to encourage 
more clinicaluse and to meet optimum aesthetic 
and functional requirements.
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Abstract : Objectives: To investigate the survival characteristics and riskfactors for orthodontic 
mini-screw implants with survival analyses.
 
Materials and methods: Fifteen orthodontic patients were included in this survival study. A total of 
fortyself drilling orthodontic mini-implants were placed. Survival time, event of each screw (survival 
or failure), and eight clinical parameters were considered for survival analysis. Failures of the 
implants were recorded as event data, whereas implants that were removed because treatment ended 
and those that were not removed during the study period were recorded as censored data. Chi square 
test was performed to determine event percentages by independent characteristics. A life table 
method was used to visualize the cumulative survival rate and the probability density. Kaplan-Meier 
survival curves were generated to determine the overall survival rate.

Results: Nine out of 40 implants failed with overall success rate of 77.2%. Chi square test showed 
none of the parameters were statistically significant. The cumulative survival rates were 82% at 
approximately six months and 76% at approximately one year. The hazard function for implant 
failure showed that the risk is highest for six months after placement. The survival function showed 
that the median survival time of orthodontic mini-implants was 353.7 days. Cox proportional hazards 
regression reconfirmed that all the covariates were statistically not significant. 

Conclusions: The results of this study confirmed the effectiveness of self drillingorthodontic mini 
implants as temporary anchorage devices. None of the parameters studied(age, sex, type of 
malocclusion vertical skeletal relationship, jaw in which implants were placed, side of placement, 
screw length and screw diameter)was the risk factor for implant failure. 

Key-words: Miniscrew, Orthodontic mini-screw implants, Survival analysis
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Introduction 
Anchorage is a prerequisite for orthodontic 
treatment with fixed appliances. The term 
orthodontic anchorage denotes the nature and 
degree of resistance to displacement offered by 
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SURVIVAL ANALYSIS OF ORTHODONTIC MINISCREW 
IMPLANTS – A PROSPECTIVE CLINICAL STUDY

an anatomic unit when used for the purpose of 
effecting tooth movement. Traditional 
approaches, extraoral and/or intermaxillary 
appliances, have limitations as they depend on 
patient's compliance; since a patient's cooperation 
is not always optimal, temporary anchorage 

1
devices (TAD) have been introduced.  Implants 
are an excellent alternative to traditional 
orthodontic anchorage methodologies, and they 
are a necessity when dental elements lack quantity 
or quality, when extraoral devices are impractical, 
or when noncompliance during treatment is 

2
likely.  These implants  can be loaded 
immediately; they can withstand typical 
orthodontic forces of 200- 300g for the entire 
length of treatment; do not need osseointegration, 
and they can easily be removed by the 

3orthodontist.
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Mini-screw failure factors can be multi-factorial 
and the results of clinical research are still 
controversial. Therefore, more clinical studies 
are necessary for information about miniscrew 

4 applications to achieve more predictable results.
Survival analysis is the most suitable method to 
analyse data that have as a principal end point the 
time until an event occurs. It offers more 
meaningful information than success percentages 
because it differentiates the probability of failure 
at a particular interval. It can also assess the 
dependence of failure time on the independent 

5
variables.  Although there are many studies on 
success and failure rates, there are few survival 
analysis studies on orthodontic mini implants in 

4,6
literature.

Hence this study was aimed at survival analysis 
of orthodontic mini implants in a prospective 
manner.

Objectives
1. To explore the clinical performance of mini-

implants as orthodontic anchorage. 
2. To evaluate significant factors related to 

survival of mini-implants and compare 
survival characteristics of the explanatory 
factors. 

3. To determine the risk ratio for each 
explanatory factor related to failure. 

Materials and Methods
The present prospective clinical study was 
carried out on patientsrequiring treatment 
reporting to the Department of Orthodontics, 
K.LE Institute of Dental Sciences, Bengaluru. 
Ethical approval for the study was obtained from 
the Institutional review board. Sample consisted 
of 15 patients (3 males and 12 females) who 
satisfied inclusion criteria were selected 
randomly. The mean age of the patients selected 
for the study was 20.07 years (Males 23.33±5.033 
years and female 19.25±2.050 years). A total of 
40 implants were placed in these patients. (Table 
I)

Table I – Mean age distribution of the study population

Inclusion criteria
1. Cases needing absolute anchorage for 

various orthodontic tooth movements 
2. Cases with adequate inter radicular bone for 

implant support. 

Exclusion criteria
1. Patients with history of periodontal flap 

surgery. 
2. Medically compromised patients. 

All patients underwent a standard pretreatment 
examination including facial and intraoral 
photography, model analysis, panoramic 
radiographs and cephalograms.  The position of 
implant placement in each case was determined 
by an operator according to the particular 
biomechanics and availability of bone. 
Orthopantomograms were used to check for 
adequacy of interradicular bone at the chosen 
site of implant placement.

Before implant placement the advantages and 
disadvantages were explained to the patients 
and/or their parents and informed consent was 
obtained. Titanium and stainless steel implants 
(S K Surgical, India) were used. Implant length 
and diameter were randomly chosen to eliminate 
selection bias. Self drillingmini- screw implants 
were  p laced  under loca l  anes thes ia .  
Armamentarium used for placement of implant 
is shown in Fig 1. They were placed with the 
help of implant placing screwdriver and no holes 
were drilled before implant placement. All the 
implants were loaded immediately by static 
loading. The orthodontic load was applied by 
nickel-titanium closing coil springs, force 
applied estimated between 50 and 100 gm. 
immediately after placement, the initial stability 
of the screw implant was checked; and no sign of 
mobility was observed in all the cases.
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Fig. 1 Implants placing screwdriver and 
implants of different length.

Data was collected with respect to parameters 
such as age (<20years, >20 years), sex 
(male/female), type of malocclusion (Class I, 
Class II div I) vertical skeletal relationship ( 
horizontal, average, vertical depending upon 
FMA and SN-MP angle), jaw in which implants 
were placed (maxilla or mandible), side of 
placement (right or left), screw length (6mm, 
8 m m ,  9 m m ) a n d  s c r e w  d i a m e t e r  
(1.2mm,1.4mm,1.5mm).

A total of 40 implants were placed out of which 
28 were placed in maxilla and 12 were placed in 
mandible. Extractions were done in all the cases. 
Thirty eight implants were used for retraction and 
intrusion, one was used for protraction of molars 
and one implant was used for intrusion during 
orthodontic treatment (Fig.2).

Patients were regularly examined during follow-
up to note changes with site of placement, to 
examine the implant sites for inflammation or 
mobility. Mobility was divided into 3 grades 
(Gr.I- No mobility, Gr.II less than 2mm, Gr III- 
more than 2 mm) and inflammation (Gr I- No 
inflammation, Gr II- redness/or pain, Gr III-
redness, pain, swelling or infection) based on 
modification of gingival index by Ramfjord 

7
classification given by Filho  for determining 
degree of peri-implant inflammation. Survival 
was considered when the miniscrew functioned 
throughout the stage of orthodontic use or until 
the end of the study. None of the patients 
withdrew from the study. Failure was defined as 
remarkable mobility, dislodgement, or infection 
which was under

Grade III category. (Fig.3)

Fig. 2 Placement 
of implants                                                

Fig. 3 Failure 
of implant

The survival duration was measured from the 
time of implant placement to the time of failure 
(complete) or to the last follow-up or implant 
retrieval on completion of treatment (censored). 
Period of study was 24 months.

Eight clinical characteristics (Table II), the 
events of the miniscrews, and the survival time 
were collected for the survival analysis. The 
event of each miniscrew was either survival or 
failure. The following survival analyses were 
performed with SPSS software for windows 
(Statistical Package for Social Science, 
Ver.10.0.5, SPSS, Chicago, Ill).

1. Chi-squared test to determine event 
percentages by independent characteristics. 
P value of < 0.05 was considered to be 
statistically significant. 

2. The life table included probability density 
(estimated probability of failure in the 
respective interval, computed per unit of 
time) and hazard rate (number of failures per 
time units in the respective interval, divided 
by the average number of survivors at the 
midpoint of the interval). 

3. The Kaplan-Meier method was used to 
estimate survival function and determine 
the overall survival rate and each potential 
risk factor. 

4. Cox proportional hazards regression model 
to identify relative risk factors significantly 
affecting the survival rate

Results
The numbers and percentages of miniscrews by 
their characteristics are shown in Table II. Chi-
squared test indicated that none of the 
parameters in the study (gender, age, type of 
malocclusion, vertical skeletal relationship, jaw, 
side of placement and length and diameter of the 
screw) was statistically significant to affect the 
survival or failure of the mini implants. Though  
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results were not statistically significant, but the 
difference in subgroups is shown in percentage 

Table II- Event percentages by independent
characteristics and results of chi-squared test

The Kaplan-Meier method of calculating overall 
survival time is shown in Table IV and survival 
curve are shown in Fig.4. The overall survival 
curve demonstrates gradual reduction of 
cumulative survival rates of miniscrews across 
time. The mean survival time was 314.9 
andmedian survival time was 353.7 days as 
shown in Table V.

Table IV.  Case Processing Summary
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Fig 4 - The overall survival curve of the miniscrews

Table V- Means and Medians for Survival Time

a- Estimation is limited to the largest 
survival time if it is censored.

Cox proportional hazard regression model is 
shown in Table VIand VII. It explains covariates 
(Age, sex, type of mucosa etc...) and their 
influence on survival or event. All the covariates 
were not statistically significant. These results 
reconfirm findings observed in Table II. The 
hazard function of implant failure showed that 
the risk was highest immediately after placement 
and then decreased to zero. Linear fit of the 

2
hazard function showed high quality of fit (R  = 
0.986) as shown in Graph I.

Table VI- Cox proportional hazards regression model

a-Dependent Variable: Duration of survival

VII- Variables in the Equation

Graph I-Hazard function implant failure

Discussion
Micro-implants/mini implants, which are used as 
an alternative method for absolute orthodontic 
anchorage, have been extensively used in the last 
few years. Some advantages of micro-implants 
are avoidance of non-compliance issues that are 
inherent in other extraoral anchorage devices 
such as headgear and facemask. Other advantages 
are their small size facilitating their use in various 
intraoral sites, ease of placement and removal. It 
also allows immediate loading, excellent 

8orthodontic anchorage, and low cost.

Despite these advantages, micro-implants can 
occasionally loosen during treatment and 

9
eventually fail to provide firm anchorage.  
Studies of orthodontic mini-implants simply 
reported success or failure rates. This is less 
meaningful than a survival analysis. Survival 
analysis is the most suitable method to analyze 
data that have as a principal end point the time 
until an event occurs; it is a popular method in 
biomedical research. Survival time can be defined 

10, 11broadly as the time until an event. The event in 
this study was implant failure. 

For an orthodontic-implant success-rate study, 
survival analysis seems to have several 
advantages and even be superior to other 
methods. First, the most important feature of 
survival analysis is that some subjects in the study 
have not experienced implant failure at the end of 
the study or the time of analysis. Because of time 
limitations, a researcher often cannot wait for all 
events in all subjects. These situations are called 
censored observations. Second, some subjects are 
lost to follow- up, drop out, or experience failure 
becauseof an unrelated cause. Third, we usually 
cannot determine the exact time of implant failure 
but can notice that thefailure happened only at 
discrete times—i.e., at the appointment or the 

6
patient's visit. Survival analysis solves these 
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problems irrespective of the original distribution 
of data, produces valuable information, including 
hazard characteristics and survival rates, and 

12identifies risk factors.

In this study, eight parameters which were 
analyzed using Chi square test and event 
percentages by independent characteristics were 
not statistically significant (Table II), but groups 
showed findings that were in consonance with 
previous studies. 

The factors associated with miniscrew failure are 
still controversial. Results of this study are 
similar to previous studies  as all implants 13,14,15

that  failed showed peri-implantitis. Peri-
implantitis is an important factor in dental-
implant failure.  Inflammation can damage the 16

bone surrounding the neck of screw implants. 
With progressive damage of the cortical bone, 
screw implants can be endangered. 1 6 ,  

17 15
Miyawakiet al  using logistic regression 

analysis, reported three significant factors 
associated with the stability of titanium screws: 
screw diameter of 1.0 mm or less, inflammation 
of the peri-implant tissues, and high mandibular 

18plane angle (i.e., thin cortical bone). Park et al  
reported that mobility, right side of the jaw, and 
mandible were showing significant relative risks. 

19Cheng et al  reported that anatomic location and 
placement in nonkeratinized mucosa were the 
significant factors in survival. The overall 
success percentage of implants was 77.5. The 
lower percentage of success percentage as 

15,19
compared to other studies can be attributed to 
the difference in the skill of the operators under 
training.

In the present study seven out of nine failures 
(82%) happened within first 175 days. The 
hazard function for implant failure showed that 
the risk ishighest in first six months after 
placement which was similar to results in study 

19
by Cheng etal,  where two-thirds of the failures 
were noted before loading or within 1 month after 
orthodontic loading was initiated. 

There were three groups with respect to screw 
length (6mm, 8mm, 9mm). Although results 
showed that there were no statistically significant 
result, but success with 9mm length was more 
(58.1%) .This was similar to results by Chen et 

20 15 18
al, Miyawaki et al  and Park et al.  They showed 
that longer miniscrews had lower failure rates 

than shorter ones, but the difference did not reach 
15

a significant level. However, Miyawakiet al  
suggested that for the size of titanium screws as 
orthodontic anchors, the length of the screw was 
not associated with its stability if the screw was 
longer than 5 mm.

In present study three diameter sizes 1.2mm, 
1.4mm, and 1.5mm were used. Results showed 
that the effect of  diameter  was not statistically 
significant ( P=0.08) but 1.2mm diameter 
implants showed failure of 88.9% which was 
considerably more than other two groups. Only 

21
one RCT by Wiechmannet al  directly compared 
two different screw diameters (1.1 and 1.6mm) of 
various lengths with each other. A small screw 
diameter was identified as a risk factor for failure. 
These findings are in accordance with the results 
of this present study.

Two other single retrospective studies by 
15 20Miyawakiet al  and Chen et al  came to the same 

15conclusion. Miyawaki et al  indicated that screws 
with diameters of 1.2mm, 1.5mm, and 2.3 mm 
have acceptable levels of success. However the 
1.0 mm diameter screw had too much failure 
clinically. From a clinical point of view, smaller 
diameter screws are easier and less traumatic to 
place and use. Screw implants with a diameter 
over 1.2 mm can be recommended for anchorage.

In present study, age was not statistically 
significant (P=0.45).Though statistically 
insignificant, majority of failures were seen in 

22younger age group. Similarly, Baeket al  also 
found that there is no statistically significant 
difference in success rates between young and 

23adult. Chen et al  reported that implants placed in 
younger patients were at a significantly greater 

24
risk of failure in their study. Park et al  reported 
that the under 15-year old patient group suffered a 
lower success rate than the over 15-year-old 
patient group because they had thin cortical bone 

25
and poor bone quality. Park  insisted that the 
success rate for the under 20 age group was higher 
than that of the over 20 age group, but Miyawaki 

15
et al  stated that there was no significant 
difference in the success rates of the under 20 age 
group and 20 to 30 age group. Because the 
stability of mini implants is providedby 
mechanical retention, the bone density and the 
thickness of the cortical bone likely play a major 
factor, and thus the older patients in the present 
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study may have had an advantage in terms of this 
factor, resulting in fewer failures.

In this study, patient's sex was not related to the 
success rate, as the probability value was 
0.256,which was in accordance with the results 

18 26 15of Park et al , Moon et al  and Miyawaki et al.  
22

However, according to Baek et al , the females 
showed a higher success rate than the males (P< 
0.05).

In present study there was no statistically 
significant difference between upper or lower 
jaw (P=0.83) which was similar to Miyawakiet 
al  who stated that the placement site of the 15

miniscrews in the maxilla or mandible was not 
related to the success rate. This was in contrast to 
results obtained by Park et al  and Moon et al  18 26

who pointed out that implants in maxilla had a 
significantly higher success rate than those 
placed in the mandible.The mandible is expected 
to have a higher success rate because it has a 
thicker and denser cortical bone than the maxilla. 

20
But Chen et al found that implants in the 
posteriormandible were more susceptible to 
infection, mainly because less attached gingiva 
available in this region to the lack of sufficient 
masticatory mucosa. Bone in the posterior 
mandible is dense and overheating is more likely 
to occur during implant placement. 

In this study, mandibular plane angle was 
evaluated cephalometrically through FMA and 
SN-MP parameters and it was divided into three 
groups ( horizontal, average and vertical ) results 
showed no statistical significance ( P=0.376). 

22
Baek et al  found vertical type of skeletal pattern 
(FMA) did not affect the success rate of first time 
inserted orthodontic mini implants and 
reinstalled orthodontic mini implants among 

15 20
subgroups. Miyawaki et al  and Chen et al  
found a high mandibular plane angle to be a risk 
factor for failure of screw-type implant anchors. 

27, 28
According to recent studies  the thickness of 
buccal cortical bone in subjects with a high 
mandibular plane angle (1.5-2.7 mm) was thinner 
than that in subjects with a low angle (2.3-3.7 
mm) in the mandibular first molar region. 

29Antoszewska et al  also claimed that the lower 
success rates of mini-screw implants  in patients 
with open bites or increased mandibular angles 
might be because these patients usually have thin 
cortical bones, the volume of which significantly 
contributes to the mechanical retention of non-

osseointegrated mini implants.

A meta-analysis on the determinants for success 
rates of temporary anchorage devices by 

30 Dalessandri D et al concluded that the rates of 
TADs utilization's scopes achievement were 
greater than 80 per cent.  TADs were more 
successful when inserted in the alveolar bone of 
the maxilla compared with the alveolar bone of 
the mandible and when they are used in patients 
older than 20 years of age. Good oral hygiene 
around the implant site is very important because 
it prevents soft tissue inflammation, which is 
associated with higher TAD failure rates.

A systematic review on Insertion torque and 
success of orthodontic mini-implantsby Reint A 

31 et al suggested that nospecific maximum 
insertion torque levels are associated with higher 
success rates for orthodontic mini-implants. A 
risk of multiple publication bias was also 
suspected. All associations between maximum 
insertion torque and factors related to implant, 
patient, location, and surgery were rejected; few 
studies reported on adverse effects.

Limitations of the study: Although the sample 
size fulfilled the minimal requirement for 
survival analysis, it was small.The sample was 
collected consecutively from only our 
department (same source for all samples) and 
different operators placed the implants. All the 
variables that may affect the stability of micro 
implants were not considered, as having too 
many variables can affect the statistical power of 
the study. 

Survival analysis is an effective way to analyze 
all the factors related to failure. Similar studies 
with larger sample size can increase the statistical 
power and validity of the study.

Conclusion
1. The results of the present study confirmed the 

effectiveness of orthodontic mini implants as 
temporary anchorage devices. The median 
survival time of mini implants was 353.7 
days that is sufficient for most of the intended 
orthodontic movements.

2. The cumulative survival rates were 82% at 
approximately six months and 76% at 
approximately one year.

3. There was no statistically significant 
difference in the success rates between 
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gender, age, type of malocclusion, vertical 
skeletal relationship, jaw, side of placement 
and length and diameter of the screw. 

4. The hazard function for implant failure 
showed that the risk is highest in first six 
months after placement. 

As most of the implants failed because of peri-
implantitis, patients should be advised to 
maintain excellent oral hygiene especially 
around the mini-screw implants.
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KLES Dental Journal Case Report

DIAGNOSIS AND MANAGEMENT OF A RARE CLINICAL 

PRESENTATION OF A CASE OF PERIPHERAL OSSIFYING FIBROMA.

Abstract : Oral reactive lesions comprise a variety of pathologies that include pyogenic granuloma, 
peripheral giant cell granuloma, traumatic fibroma and peripheral ossifying fibroma (POF).  
Peripheral ossifying fibroma (POF) is a non-neoplastic reactive oral lesion commonly occurring on 
the gingiva in response to various etiological reasons. Its occurrence is common among the second 
decade of life with a female preponderance with a predilection for maxillary arch and most of them 
occur in the incisor-cuspid region. POF occurring in a young male patient involving posterior maxilla 
is rare and an unusual clinical presentation. In this case report we attempt to present one such rare case 
with emphasis on compilation of interesting facts and literature pertaining to peripheral ossifying 
fibroma.

Keywords: Reactive lesion, Peripheral ossifying fibroma; Gingival overgrowth; Fibroma; 
Granuloma; Fibroblast; Osteoid tissue. 
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Introduction 
Oral reactive lesions comprise a variety of 
pathologies that include pyogenic granuloma, 
peripheral giant cell granuloma, traumatic 
fibroma and peripheral ossifying fibroma (POF).  
Peripheral ossifying fibroma (POF) is a non-
neoplastic reactive oral lesion commonly 
occurring on the gingiva in response to trauma or 
irritation, poor quality restorations and ill-fitting 
dentures. It is reported under disconcerting array 
of terms in literature, which includes peripheral 
cementifying fibroma, calcifying or ossifying 
fibroid epulis, mineralizing ossifying pyogenic 
g ranu loma,  pe r iphera l  f ib roma wi th  
calcifications and calcifying fibroblastic 

1
granuloma.

POF was first reported as alveolar exostosis by 
1

the Shepherd in 1844. Later in 1972 Eversol and 

1 2 3 4Dr. Neha Bhalla , Dr. Sudhir R Patil , Dr. Ashwin Prabhu , Dr. Sneha Dani

Rovin coined the term peripheral ossifying 
2fibroma.  Its occurrence is common in the second 

decade of life with a greater female 
3

preponderance.  It has a predilection for 
maxillary arch and most of them occur in the 
incisor, cuspid region. It presents as a painless 
mass on gingiva or alveolar mucosa measuring 
not exceeding 3 cm. It can be pedunculated or 
sessile. Early lesions appear irregular and red 
whereas older lesions have a smooth pink 

2,4surface. Surface ulceration may also be present.

This is a case report of an unusual clinical 
presentation of POF occurring in a young male 
patient involving the posterior maxilla.

Case Report
A 14 year old boy reported to the Department of 
Periodontics, KLE Society's Institute of Dental 
Sciences, Bangalore with a history of swelling in 
the posterior part of the palate. The swelling 
gradually increased in size over a period of 6 
months. He gave a history of a similar swelling in 
the same region one and half year ago, which was 
surgically excised. There was no contributory 
history of trauma in the site of the lesion. At that 
point the excised tissue was not subjected to any 
histopathological investigations. 

After a period of 18 months, he noticed another 
growth in the same region involving interdental, 
marginal and attached gingiva of 16 and 17, on 
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the palatal aspect. Initially the swelling was 
asymptomatic. However he experienced pain 
which was gradual in onset, dull, intermittent 
and aggravated on chewing. He also complained 
of food impaction in the same region. 

Intra oral examination revealed a solitary, 
pedunculated mass, measuring approximately 
1.8 cm × 2.8 cm.[Figure 1A] The lesion was pink 
in color, multi-lobulated with irregular surface. 
No surface ulceration was observed. On 
palpation, it was non tender and firm in 
consistency. No bleeding on provocation was 
observed. The growth covered approximately 
2/3 of the clinical crown of 16 and 17. There 
were no periodontal pockets or clinical 
attachment loss seen with respect to 16 and 
17.[Figure 1B]

His oral hygiene was fair. No marked deformity 
was noticed extraorally and intraorally. Intra oral 
periapical radiograph was taken with respect to 
16 and 17 and no radiographic sign of bone 
involvement was noted. 

Differential Diagnosis
Based on the history, clinical examination and 
radiographic presentation a differential 
diagnosis of Pyogenic granuloma, Peripheral 
ossifying fibroma and Peripheral giant cell 
granuloma was given.

Treatment
Thorough scaling and root planning was 
performed to eliminate the local factors. After a 
week complete surgical excision of the lesion 
was done under local anesthesia, followed by 
thorough curettage of the surrounding tissue to 
prevent recurrence. Oral hygiene instructions 
were reinforced and the lesion was sent for 
histopathological examination. Periodontal 
pack was placed.[Figure 2-4]

Healing was uneventful and patient was 
followed up for 6 months without any 
recurrence.[Figure 6] 

Histopathological Examination
Histopathological examination revealed 
parakeratinized stratified squamous epithelium 
overlying the connective tissue containing dense 
infiltrate of irregularly distributed collagen 
fibers. The stromal matrix also demonstrated 
moderate number of fibroblasts and scarce blood 
vessels along with large and small trabeculae of 

bone and some dystrophic calcifications. [Figure 
5]

Based on history, clinical presentation, 
radiological and histopathological examination, 
final diagnosis of peripheral ossifying fibroma 
with respect to 16 and 17 region was established.

Fig 1A, B: Preoperative palatal view revealing 
swelling in the interdental region of 16-17.

Fig 2: Surgical excision of solitary 
gingival overgrowth

Fig 3: Surgical excised tissue.

Fig 4:Immediate post-operative view 
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Fig 5: Histopathological examination revealing 
proliferating para keratinized stratified 
squamous epithelium and connective 

tissue showing collagen fibers with trabeculae 
of woven bone with collagen fibers and 

proliferating fibroblasts.

Fig 6: Post-operative view at 6 months follow up.

Discussion
The gingiva anatomically presents with the 
broadest array of lesions ranging from 
inflammatory to neoplastic. POF is one such 
reactive lesion, which occurs exclusively on 
gingiva. It accountsfor 9.6% of all gingival 

5
lesions. It is a slow growing lesion, usually 
ranging in 1-2 cm in diameter. However, rare 
incidence of lesions up to 9 cm in size havealso 

1
been reported.

POF may occur at any age but exhibits a peak 
incidence between the second and third decades 
of life. Almost 60% of the lesions occur in the 
maxilla and are usually seen anterior to the first 
molars. Reported female to male predilection is 

6
5:1 suggesting that hormones could play a role in 

7its pathogenesis.

The lesions are usually solitary. However multi 

centric lesions have also been rarely reported. 
One such case has been reported by Kumar K S et 
al in 2006,where the lesion involved both the 
maxillary and mandibular gingiva and was 

8
present bilaterally.

Radiographic changes in POF are not routinely 
seen. At times small amount of radioopaque 
material can be seen, specifically in larger or long 

8standing lesions.

9A classic study by Cundiff  wherein 365 cases 
were studied showed that about 50% cases of 
POF were prevalent in the age range of 5-25 years 
with a peak incidence of occurrence seen in 13 
years. They were more common in females with a 
gender ratio of 2:1 to 3:2.Another retrospective 
study of 260 cases, reported a prevalence rate of 
17.7% of POF amongst the reactive hyperplastic 
lesions of the gingiva representing a common 
prevalence in maxilla and a female gender 

7preponderance.

Although, the literature dates back to the late 
1940s, still there are lot of theories and various 
schools of thoughts regarding its pathogenesis of 
intraoral ossifying fibromas. 

Following elements are likely to be involved in 
10-12

the etiopathogenesis of the POF

1. Chronic irritation of gingival tissue.

2. Granulation tissue formation in which 
vascular endothelial growth factors must be 
considered as it not only promotes 
angiogenesis but also increases vascular 
permeability.

3. Stroma formation as a result of the 
mentioned vascular permeability, allowing 
exudates of plasma proteins and as a result 
provides a provisional stroma for 
fibroblasts.

4. Fibroblasts migration, proliferation and 
increased synthesis of collagen due to 
growth factors.

5. Decreased degradation of collagen, 
attributed to a decrease of metalloproteinase 
activity.

6. Osseous differentiation of mesenchymal 
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cells of the periodontal ligament and 
periosteum in a previous lesion that starts 
with the formation of the granulation tissue 
(pyogenic granuloma for instance) until the 
POF is formed.

7. A hormonal influence may be considered, 
as there is a higher incidence in women at 
the ages of most predominant hormonal 

10,13changes.

Multicentric POF can also occur in the oral and 
maxillofacial region, and have been observed in 
conditions associated with known genetic 
mutations, such as, Nevoid basal cell carcinoma 
syndrome, multiple endocrine neoplasia type II, 

7
neurofibromatosis and Gardner syndrome.

Because of the huge diaspora of clinical 
presentation of POF, confirmatory diagnosis has 
to be established by histopathology of the lesion. 

14Gardner (1982)  stated that cellular connective 
tissue of POF is so characteristic that a 
histological diagnosis can be made with 
confidence, regardless of the presence or 
absence of calcification. This feature holds 
significance as the mineralized component of 
peripheral ossifying fibroma varies from 23% to 
75 %. The POF mineralized tissue may contain 
any of the following: Lamellar or woven osteoid 
bone like tissue; cementum like material and 

1dystrophic calcification.

POF have a high rate of recurrence (8% to 20%), 
necessitating need for periodic postoperative 
follow-ups. Recurrence may be due to 
incomplete removal of the lesion, failure to 
eliminate local irritating factor or difficulty in 
surgically intervening due to the inaccessible 

16
location of the lesion.

Conclusion
POF is a pathological entity whose definitive 
etiopathogenesis and histogenesis are still 
illusionary. A significant overlap exists amongst 
the focal reactive overgrowths of gingiva present 
in the oral cavity.This case presented an unusual 
occurrence of POF with respect to both site as 
well as gender. Surgical excision is the mainstay 
of treatment. Owing to its high recurrence rate 
compared to other reactive lesions, frequent 
follow ups following complete excision is 
mandatory. 

Thus to conclude a detailed history, thorough 
clinical examination along with histo-

pathological examination is essential for accurate 
diagnosis and management of any reactive 
lesions of the oral cavity. 
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SPLIT DENTURE WITH SALIVARY RESERVOIR
A SOLUTION FOR PATIENTS WITH XEROSTOMIA

Abstract : Xerostomia is a clinical condition caused by a decrease in the production of saliva. 
Wearing complete dentures can be an extremely uncomfortable experience for the people with 
xerostomia. The use of salivary substitutes can improve lubrication, keeps the dry mucosa moist, 
provide significant relief from symptoms, and also improve the retention of removable prostheses. 
These substitutes can be delivered over prolonged periods by using salivary reservoirs in the 
prosthesis itself. This paper presents a case report where a split denture with salivary reservoir was 
used successfully in rehabilitating a xerostomic complete edentulous patient.
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Introduction
Xerostomia is defined as the dry mouth resulting 
from the reduced or absent salivary flow. It is a 
clinical condition caused by a decrease in the 
production of saliva which may present itself as a 
local symptom, as part of a systemic disease such 
as Sjogren's syndrome, diabetes, alcoholism or 
following therapeutic radiation to head and neck 

1-3regions . A number of commonly prescribed 
drugs with a variety of pharmacological 
activities have been found to produce xerostomia 

4
as a side effect . Xerostomia, hyposalivation, and 
increasing number of oral microbiota were more 
prevalent in hypertensive patients taking 

5
antihypertensive medications .

Various treatment modalities have been 
suggested in the literature to overcome the 
problem of xerostomia. These include, 
increasing the frequency of water intake, 
changing dietary habits by including more citrus 
fruits in the diet, salivary stimulants which 

6, 7include sugar free chewing gums or lozenges . 

1 2 3 4 5 6Dr. Kalpana D , Dr. Sanjana , Dr. Brunda , Dr. Sandesh C , Dr. Priyanka Bhat , Dr. Venkatesh Pathi   

In case of medication induced xerostomia, after 
discussion with patient's physician the timing, 
dosage or a change in medication may reduce the 
severity of the problem.  In severe xerostomic 
patients, sialogougues (Anetoltrition, pilocarpine 
and cevimeline and bethanecol) that directly 
simulate the salivary glands and salivary 
substitutes (carboxymethylcellulose, glycerine, 

8etc) may be utilized . 

Xerostomic patients using dentures experience 
9extreme discomfort in wearing the denture . It can 

also add to the problem of retaining and eating 
with dentures. Salivary mucins possess 
rheological properties that include elasticity and 
adhesiveness, which aid in retention of 

8,10,11
dentures . So in xerostomia, dentures 
invariably become loose. 

One method of providing salivary substitutes is 
by incorporating salivary reservoir in the 
dentures that provides a flow of salivary 
substitute for a certain period of time.

This paper presents a case report where a split 
denture with salivary reservoir was used 
successfully in rehabilitating a xerostomic 
complete edentulous patient.

Case Report
A 78 years old male patient reported to the 
department of prosthodontics, Dayananda Sagar 
College of Dental Sciences, Bangalore with chief 
complaint of difficulty in mastication, dry feeling 
of the mouth, frequent need for sipping water and 
difficulty in wearing denture.
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Technique
The technique used for the fabrication of split 
denture with salivary reservoir is outlined below.

Preparatory Stage
Primary impressions were made using high 
fusing impression compound (Pinnacle, DPI, 
India) and final impressions were made by using 
special trays which were fabricated for selective 
pressure technique using two layers of wax relief 
required for regular body addit ional   
polysiloxane impression material (Aquasil, 
Denstply) since zinc oxide eugenol paste causes 
dryness of mucosa and burning sensation. The 
master  casts obtained were labeled as A Casts. 
The master casts were duplicated using 
reversible hydrocolloid impression material 
(Algitex, DPI)  and poured in dental stone 
(Gyprock). The duplicated Casts were then 
labeled B casts. The maxillo-mandibular 
relationship was recorded in centric relation. 
Facebow transfer (Fig-1) was done and both the 
casts were articulated on semi adjustable 
articulator and teeth arrangement was done on A 
model (Fig-2).

Patient presented with a history of hypertension 
from last 20 years and diabetes from last 18 years 
and was on medication for the same. Patient was 
a denture wearer for the last 10 years and had 
changed three dentures since he experienced 
discomfort and chronic irritation associated with 
soreness and burning sensation particularly with 
the lower denture.

Clinically, on intra oral examination patient had  
edentulous maxillary and mandibular ridges, dry 
cracked tongue and minimal frothy saliva in the 
floor of the mouth. 

Fig1: Face bow transfer

Fig 2: Teeth arrangement was done on A cast   

Shorter teeth were selected for mandibular 
denture to provide sufficient space for future 
placement of reservoir. The trial was done to 
patient's and operator's satisfaction.

Construction of the Clear Acrylic Mandibular 
Base Section
Mandibular trial denture of A cast was kept aside 
and wax up for base section was done on the 
mandibular cast on B cast. The height of the clear 
acrylic base section was determined by 
measuring the anterior height of the mandibular  
wax denture . Then the height of  the lower 
anterior teeth was measured and 3mm added on 
to allow for adequate thickness of acrylic under 
the teeth for strength. This height was then 
subtracted from the height of the denture to 
determine the height at which the base section 
needed to be constructed (Fig-3). 

Figure-3: To determine the height at which to 
make the clear acrylic base section of the denture 
(length c), the height of the lower anterior teeth 
plus approximately 3mm (length b), is subtracted 
from the overallanterior height of the denture 
(length a). That is a-b=c.

Acrylic pillars of 5mm width and 10mm length 
were fabricated with auto polymerizing resin. 
These acrylic pillars were used as attachment 
screws. Acrylic pillars were placed, two in the 
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molar region on both sides. They were placed in 
the center of the waxed up base section kept 
parallel to each other (Fig-4). 

Fig-4: The waxed up base section of the split 
denture, with parallel acrylic pillars in place on B 
cast.

These were placed to help in fitting the two 
segments that is the base section and the teeth 
section of the denture together. A wax squash bite 
was made on the articulator, with the maxillary 
teeth on one side and the acrylic pillars on the 
mandibular rim on the other side for 
reorientation. This wax up for base section along 
with acrylic pillars was flasked in the 
conventional manner. Once the de-waxing was 
done, the acrylic pillars were removed to 
duplicate them in clear acrylic resin. After 
applying separating medium, the flask was 
packed with clear heat cure acrylic resin (DPI 
Heat Cure). Care was taken during polishing to 
ensure that the square occlusal edges were 
maintained to get good fit of the two segments 
(Fig-5).

Fig-5: Clear acrylic base segment

Construction of Pink Acrylic Teeth Segment
A duplicate of clear acrylic base section was 
made using reversible hydrocolloid impression 

material (Algitex, DPI) and poured in dental 
stone (Fig-6).

Fig-6: Stone model of the clear 
acrylic base section

In order to allow the upper section of the 
mandibular denture to separate, the duplicated 
stone model of the mandibular clear acrylic base 
section was articulated with the maxillary trial 
denture of the A model with the help of wax 
squash bite made earlier for reorientation. 
Mandibular teeth arrangement was done on the 
stone duplicate of clear acrylic base section and 
occlusion was checked (Fig-7).

Fig-7: Mandibular teeth in occlusion with 

maxillary trial denture on A cast

The waxed up teeth section was then flasked and 
processed in pink heat cure acrylic resin. After 
careful deflasking, the pink acrylic teeth segment 
of the mandibular denture was attached to clear 
acrylic base segment for polishing. The two 
sections should 'click' into place at this point. 
Polishing was done with both the segments 
together to ensure a flush, smooth finish and no 
damage to the edges. The result was a full lower 
denture with a clear acrylic base and a removable 
pink acrylic teeth segment (Fig-8a and 8b).
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Fig-8a and 8b: Full lower denture with a clear acrylic 

base and a removable pink acrylic teeth segment

Denture Delivery and Reservoir Placement
The complete dentures, before the placement of 
reservoirs were inserted in the patient's mouth 
and any adjustments required were done. Then 
the reservoirs were cut into the clear acrylic base 
segment of the mandibular denture using acrylic 
trimmer. Since the internal surfaces of the 
reservoirs cannot be polished, they were cut as 
clearly and smoothly as possible to facilitate easy 
cleaning. Reservoirs were placed in each 
posterior segment in the premolar-molar region 
and in the anterior region below the four incisors. 
The reservoirs were made as large as possible 
while maintaining sufficient thickness of denture 
walls for strength. A minimum thickness of 2 mm 
was maintained for reservoir walls. As the base 
section was made up of clear acrylic, extent of the 
reservoir can be easily visualized. A 0.5 mm 
diameter round bur was used to drill a drainage 
hole from the inferior aspect of lingual flange of 
the denture into the two posterior reservoirs and 
in the inferior aspect of the labial flange of the 
denture into the anterior reservoir (Fig-9a and 
9b). 

Fig-9: Drainage hole. (a) From the inferior aspect 
of lingual flange of the denture into the posterior 
reservoirs. (b) From the inferior aspect of the 
labial flange of the denture into the anterior 
reservoir

The patient was instructed to separate the two 
segments and fill the reservoir with artificial 
saliva. The artificial saliva used in this case was 
glycerin. The split denture was now reissued to 
the patient and post-operative instructions were 

given to the patient. Patient was kept on recall 
appointments of 1 week, 3 weeks, 3 months and 
after 6months. During the follow up 
appointments size of the drainage hole was 
adjusted to ensure the flow of saliva up to 
minimum of 3–4 hrs. Patient had to refill the 
reservoir after every 3–4 hrs. Patient found a great 
relief in his symptoms of dry mouth and was 
satisfied with the denture.

Discussion 
The purpose of this technique is to reduce the 
suffering of the xerostomic patient and to make 
the wearing of dentures and performing normal 
oral functions comfortable to the patient. 

Various studies have been done on incorporation 
of saliva reservoir in both maxillary and 
mandibular dentures.

Upadhyay Snehal Rashmikant, Kumar Lakshya, 
Rao Jitendra described a technique of fabrication 
of functional palatal saliva reservoir. In this 
technique a resilient liner was used in the floor of 
the palatal reservoir and as the tongue presses 
against the liner during swallowing, it results in 
the flow of saliva substitute through a hole in the 
anterior part of the floor of the reservoir. The 
advantage of this technique is that the swallowing 
cycle controls the flow of saliva. Limitation of 
this design is that it cannot be used in patients 
with shallow palatal forms and also there is loss of 

12
resiliency of the soft liner over a period of time .

Modgi Chetan Mukund, Aras Meena Ajay 
described a technique of fabrication of a 2 -piece 
saliva reservoir using precision attachment in the 
maxillary removable partial denture. The 
advantage of this technique was that the lid of the 
reservoir was detached and cleaning could be 
performed.  Limitation of this design is that it 
cannot be used in patients with shallow palatal 
forms and also accurate palatogram analysis was 

13
required .

AR Mendoza, MJ Tomlinson described a 
technique of fabrication of split reservoir denture 
for a medication and age related xerostomic 
patient. In this study three double- toothed Lego 
blocks were used during the wax up of the clear 
acrylic base section which aided in the retention 
of the teeth segment and base segment of the 

14
denture .

Nupur Dabas, Sumit Singh Phukela, Harish 
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Yadav described a technique of  fabrication of 
split mandibular reservoir denture where they 
used metal attachment screws during the wax up 

15for the clear acrylic base section .

In this paper the split mandibular denture with 
salivary reservoir was used as one of the 
treatment modalities for a diabetic and 
hypertensive factor related xerostomic patient, 
but it can also be given to patients who 
experience xerostomia as sequelae after radiation 
therapy. This split denture technique has many 
advantages- in the earlier techniques most of 
them have incorporated the reservoir only in the 
lingual flange of the denture in the premolar area 
keeping only the lingual area moist. But in this 
technique, incorporation of a labial reservoir has 
added the advantage of keeping the labial and 
buccal area also moist, thus adding an extra boon 
to the conventional technique. The patient has 
ready access to the reservoirs and allows easy 
cleaning and adjustment of the reservoirs as 
needed. With the use of clear acrylic base section 
it is easier for the operator to determine the size 
and position of the reservoir and also help the 
patient to clearly visualize the levels of saliva 
substitute within the reservoir.  The drawback of 
this technique is the additional laboratory steps. 
Case selection is important. Only cases with 
sufficient vertical dimension and thickness and 
with minimal tissue undercuts are suitable for 
this technique.

Denture patients with Xerostomia are more prone 
to candida infections and care should be taken to 
maintain proper oral hygiene.

Conclusion 
The prosthodontics management of xerostomic 
patients is often very challenging. The split 
denture with salivary reservoirs significantly 
improves the quality of life of xerostomic 
patients. The combination of various treatments 
seems to be a better approach in the management 
of these patients. 
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MANAGEMENT OF SEPARATED INSTRUMENTS IN 
ENDODONTICS: CASE SERIES

Abstract : A broken, separated or “disarticulated” instrument is a procedural error, which can occur 
during endodontic practice. This creates a major obstacle and impedes efficient instrumentation, 
cleaning and shaping. Various mechanical devices can be used for orthograde management of 
separated instruments. Ultrasonic instrument, coupled with the dental magnification makes the 
retrieval procedure more effective. The following case series highlights on successful management of 
separated instruments, by retrieval using ultrasonics and one case managed by bypassing the 
instrument.

Keywords: Instrument separation; instrument retrieval; ultrasonic; microscope.
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Introduction
The successful modern root canal treatments 
count on various factors in the plethora of 
treatment procedures and adequate cleaning and 
shaping of the root canal system remains the most 
essential step among all. However, unpleasant 
mishaps, such as separation of endodontic 

1
instruments, may occur during this step. The 
separation of instruments during endodontic 
treatment is a troublesome incident, which will 
immediately change the level of complexity and 
outcome of treatment. Its incidence ranges from 

22% to 6% of the cases investigated. The term 
'separated instrument' not only applies to files but 
can include reamers, Gates-Glidden, Peeso 
drills, lentulo spiral, thermo mechanical gutta-
percha compactors; portion of a carrier-based 

3,4
obturator or the tips of hand instruments.

The most common causes for file separation are 
its improper use, limitations in physical 
properties, inadequate access, root canal 

4anatomy and possibly manufacturing defects.
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When a file breaks, there are three possible 
outcome strategies:

I) Retrieval, (ii) Bypass and sealing the fragment 
within the root canal space, (iii) True blockage.5

 

If it is left as barrier it might cause inability to 
completely remove the pulp and associated 
tissue and that determines the prognosis. 
Bypassing the instrument and incorporating it 
into the Obturation should also have no effect on 

4
prognosis.  The best scenario is retrieval which 
can be influenced by various factors like the 
location, length and type of fractured 
instrument, the tooth/canal involved, and the 

6clinician's skill and available armamentarium.  
The success rate of reported ranges cases of 

6,7
instrument removal from 53 to 95%.

Extensive arrays of techniques and devices have 
been developed to facilitate retrieval. These 
devices can be broadly categorized as 
u l t r a s o n i c s ,  m i c r o t u b e  e x t r a c t o r s ,  
pliers/miniforceps, wireloops, hypodermic 
surgical needle, Masseran kit, iRS (instrument 
removal system), Canal finder system, Endo 
extractor kit, SIR(separated instrument 

4, 6,7,8  4, 6-8
retrieval) system, Meitrac system.

Ultrasonics in conjunction with a microscope is 
considered the most conservative and 
universally used method of removal. It involves 
the creation of a 'staging platform' that can be 
created by a modified Gates-Glidden drill or 
ultrasonic tips, providing sufficient space to 
allow the specialized ultrasonic tips to trephine 
around the coronal aspect of the fragment 
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resulting in loosening, disengaging and 
6

unwinding the fractured instrument.

Following series of cases present the successful 
management of a separated file tightly wedged in 
the root canal dentin.

Case 1
A 56-year-old female was referred to the 
Department of Conservative Dentistry and 
Endodontics with a chief complaint of pain on 
chewing in the upper left back tooth region since 
1 month. Patient gave history of root canal done 
6-7 months back. Clinical and radiographic 
examination revealed endodontically treated 26. 
There was no associated swelling in relation to 
involved tooth but was tender on percussion. 
Intraoral periapical radiograph revealed 
incomplete obturation of root canals. Following 
diagnosis of symptomatic apical periodontitis, 
retreatment was planned for 26.

After administration of local anesthesia and 
rubber damisolation, access opening was done in 
relation to 26. Fourorifices were observed in pulp 
chamber (palatal, mesio-buccal and disto-buccal 
and one bleeding orifice in between mesio-
buccal and disto-buccal). An attempt was made in 
removing guttaperchafrom canals using Pro 
Taper retreatment (Dentsply Tulsa Dental 
Specialties, Tulsa, Oklahoma)rotary files.On 
working length determination it was observed 
that the bleeding orifice was perforation, which 
was confirmed using apex locator. (Fig.1a). 
Perforation was repaired using glass ionomer 
cement (GC India Pvt Ltd). Guttapercha was 
removed from disto-buccal canal, and patency 
was achieved. In  mesio-buccal canal obstruction 
was felt which was identified as separated 
instrument in cervical third of the root. (Fig. 1b) It 
was planned to make an attempt for retrieval of 
the instrument using direct ultrasonic method. 
Coronal access and orifices were enlarged to gain 
straight line access to all canal orifices. 

Gates Glidden drills (No.2-3) (ManiInc, Japan) 
were modified by cutting drills perpendicular to 
the long axis at the maximum cross sectional 
diameter. These were used circumferentially to 
create a telescopic preparation or tapering 
preparation from the canal orifice to the coronal 
end of the broken file to “stage” or “platform” the 
broken instrument. This was done to expose at 
least 2-3 mm of coronal part of separated file, 

which allowed the use of ultrasonic tips to 
trephine dentine circumferentially around the 
fragment. Under surgical dental microscope 
(Carl Zeiss, Germany), an ultrasonic tip ET 25 
(Acteon, Satellec, France) was activated without 
coolant at a low power setting. The ultrasonic tip 
was placed into the mesio-buccal canal between 
the exposed end of the file and the canal wall and 
activated around the obstruction in counter-
clockwise direction to trephine dentine around 
the fragment and loosen it. After each activation, 
the canal was irrigated with saline to cool the 
operating field and flush dentine debris out of the 
canal. Following ultrasonic activation, the 
instrument fragment got detached and floated out 
of the mesiobuccal canal.The fractured 
instrument was found to be K-file of around 2-
3mm (Fig. 1c).The radiograph was taken to 
confirm (Fig.1d) and workinglength of 
themesiobuccal canal was taken (Fig.1e). Non-
setting calcium hydroxide was placed as an intra-
canal medicament, and Cavit restorative material 
was placed as an inter-appointment temporary 
restoration.

During the next visit cleaning and shaping of all 
three canals was performed, master cone 
radiograph was taken for confirmation(Fig1f) 
followed by oobturation with gutta percha 
(Fig1g) and temporary restoration. Patient was 
recalled after 1week for follow up, the tooth was 
asymptomatic so permanent access filling was 
completed. After one month follow up since the 
tooth was asymptomatic post endodontic 
restoration was completed with full crown.

  Fig 1a: Pre-operative          Fig1b: Broken 
instrument detected 

Fig 1c: Broken instrument retrieved
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Fig 1 d : IOPAR confirming 
removal of broken instrument

Fig 1e: 
Working length  

Fig 1f: Mastercone 
Radiograph                       

Fig1g: 
Post obturation

Case 2
A 50yrs old male patient reported to the 
department of conservative dentistry and 
endodontics with the chief complaint of 
continuous pain in relation to lower left back 
tooth region since one week. After elaborate 
h i s tory- tak ing  and  thorough c l in ica l  
examination, 37 was diagnosed with endo-perio 
lesion associated with failed endodontic 
treatment. Radiographic examination revealed 
endodontically treated 37. Re-root canal 
treatment followed by hemisection was planned 
for 37.(Fig. 2a)

Access opening was done under local anesthesia 
and rubber dam isolation in relation to 37 and 
canal orifices were located. An attempt was made 
to remove the guttapercha from mesio-lingual 
and mesio-buccal canals using rotaryProtaper 
retreatment (Dentsply Tulsa Dental Specialties, 
Tulsa, Oklahoma) files. An obstruction felt after 
removing guttapercha from cervical third of 
mesio-lingual canal which was confirmed to be a 
s e p a r a t e d  i n s t r u m e n t  o n  t a k i n g  
radiograph(Figure 2b). The separated instrument 
was found in middle and apical third of the root 
canal, which was confirmed under dental 
operating microscope (Fig. 2c).Orifice was 

enlarged and Gates Glidden drills (No.2-3) 
(Mani Inc, Japan) were modified to prepare a 
staging platform coronal to the fractured 
instrument. Under surgical dental microscope 
(Carl Zeiss, Germany), an ET25,25L ultrasonic 
tip (Fig. 2d) (Acteon, Satellec, France) was 
ultrasonically activated without coolant at a low 
power setting with periodic cooling of the canal 
with saline and to flush dentine debris out of the 
canal. An attempt was made to loosen the 
instrument with direct ultrasonic technique. 
Since the root was thin, further removal of dentin 
would lead to weakening of tooth structure. Thus, 
in order to maintain structural integrity, indirect 
technique was used where small stainless steel 
hand file was inserted inside the available canal 
space and adapted to it. Now the ultrasonic tip 
without water and air coolant were turned on at a 
low power and tip of this ultrasonically selected 
instrument was placed in intimate contact with 
the smaller stainless steel file (#10 K-file  that 
was inserted inside the available canal space 
bypassing the separated instrument. Frequent 
working radiographic images were taken to 
check light brush-cutting action of dentin as well 
as the movement of separated fragment. Later 
when more space was gained (Fig. 2e) larger no. 
hand file was used (no.20H-File) (Mani) and 
agitation of hand instrument was done using 
ultrasonic vibrations in order to loosen it. 
Frequent irrigation and drying of the canal was 
carried out which helped in the retrieval 
procedure. The energized ultrasonic tip was 
gently wedged between the stainless steel H-file 
and the canal wall that caused the broken 
instrument to loosen and “jump out” of the canal. 
The separated instrument was found to be H-file 
of around 4-5mm (Fig. 2f). The radiograph was 
taken to confirm it (Fig 2g), canals were irrigated 
and calcium hydroxide was placed as an 
intracanal medicament. In the next appointment 
canals were negotiated to complete working 
length(Fig. 2h) and Obturation was done (Fig. 
2i). Later, follow up was done for 2weeks and 
hemisection was planned for the distal root.

Fig 2a: Preoperative                                Fig 2b: Broken 
instrument detected
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Fig 2c: Separated 
instrument seen under 
microscope

Fig 2d: Ultrasonic tips

Fig 2e: Instrument 
bypassed                            

Fig 2f: Instrument 
removed

Fig 2g: 
Instrument removal 
confirmed in IOPAR

Fig 2h: 
Working length 
determined

Fig 2i : Post-Obturation

Case3
A 32yrs old female patient reported to the 
department of Conservative Dentistry and 
Endodontics with the chief complaint of pain in 
upper right back tooth region. On clinical 
examination deep cervical caries was observed 
involving pulp in relation with 24. On diagnosing 
symptomatic irreversible pulpitis with 
symptomatic apical periodontitis, endodontic 
treatment was planned in relation with 24. Under 
local anaesthesia and rubber dam isolation, 
access opening was performed. Initial patency 
was obtained using No.10 K-file. Cleaning & 

shaping was carried out using Protaper(Dentsply) 
rotary system. During cleaning & shaping of 
narrow canals, there was separation of Protaper 
F1 file in buccal canal at the junction of cervical & 
middle third (Fig. 3a). An attempt to retrieve the 
instrument was planned which was unsuccessful. 
Therefore further option of bypassing the 
instrument was planned. The instrument was 
bypassed using no.10 K-File (Fig 3b), complete 
cleaning and shaping was performed till 30 
number K- file with respect to buccal canal and 
till F2 in palatal canal with copious sodium 
hypochlorite and saline irrigation. Mastercone 
radiograph was taken (Fig 3c) and obturation was 
performed (3d).Further, follow up was done for 2 
weeks, followed by access filling using 
composite and later post endodontic restoration 
was carried out by crown placement after 4weeks.

Fig 3a: IOPAR reveals                       
separated instrument

Fig 3b: Instrument 
Bypassed

Fig 3c: Master cone 
IOPAR                   

Fig 3d: 
Post-obturation

Discussion
Management of separated instrument is 
challenging procedure but shows successful 
results. Fracture of an instrument often results 
from improper use or overuse of an endodontic 
instrument, aggressive movements, such as 
penetrating instrument into the canal too rapidly 
or forcing an instrument to an arbitrary length or 
among a sharp curve. The stainless steel 
instruments mostly fail by excessive torque and 
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NiTi rotary files usually fracture because of 
9torsional stress and cyclic loading.

Separation of instrument fragments in the root 
canal usually prevents access to the apex, hinders 
thorough cleaning and shaping of the root canal, 
thus resulting in compromised outcome of 

2 endodontic treatment. Hence every attempt 
should be made to retrieve or bypass the 
separated instrument.

Wide array of techniques can be used to remove 
separated instruments. Nevertheless, successful 
management of such obstructions should also be  
governed by the evaluation of factors such as the 
condition of the root canal (vital or nonvital), 
tooth (symptomatic or asymptomatic, with or 
without periapical pathology), level of cleaning 
and shaping at the time of separation, the root 
curvature, dentin thickness, location or the level 
of separation in the canal, composition, and 
cutting action (clockwise or counterclockwise) 
of the instrument; length and amount of binding 

2,5or impaction of the fragment in the canal. Also 
usage of such techniques may result in certain 
complications including excessive loss of root 
canal dentin, ledging, perforation, and extrusion 
of the fractured instrument fragment through the 
apex. Thus, many techniques cannot be used in 

1, 10narrow and curved canals morphology.

Straight-line access is mandatory for successful 
removal of instruments. If the fragments are 
located apical to the canal curvature, removal is 
compromised, and often impossible.The more 
apical the location of the separated instrument 
the greater the potential for root perforation and 
the lower the fracture resistance of the root after 
removal of the instrument because conservation 
of root canal dentin is paramount to the tooth's 

6,8
resistance to fracture.  Hulsmann and Schinkel 
proposed longer fragments (>5mm) likely to 
engage dentine at their tips, creating space 
coronally to allow loosening of the fragment, 
thus it would be easier to remove than short 

6fragments.

Stainless steel (SS) files are considered to be 
easier to remove than nickel-titanium (NiTi) 
instruments, which effectively engage or 'lock' 
into the canal during rotation and tend to 
fragment into smaller pieces often at or around 
the curves of narrow canals. NiTi instrument 
have a higher propensity to fracture, perhaps due 

to accumulation of heat from direct ultrasonic 
vibration.There is higher risk of instrument 
separation in curved canals (mainlybuccal 
canals of maxillary molars and mesial canals of 
mandibular molars) when compared to straight 

6
canals.

No standardized procedure for the safe removal 
of fractured instruments exists, till date, 
although various techniques and devices have 
shown only limited success. Recent advances  
have led to the evolution of novel techniques and 
devices designed specifically for the safe 
removal of fractured instruments and ultrasonics 
is one among them.

With the studies reporting success rates of 54.4% 
and as high as 93.3%, and by another paper as 
80%, the success of using ultrasonics alone to 
remove fractured instruments has been 

11favorable.

For better visualization of the energized tip and 
the broken instrument by the clinician ultrasonic 
use below the orifice is conducted dry with 
lowest effective power setting on the ultrasonic 
device with periodic cooling to prevent further 
disintegration of the fragment or the ultrasonic 
tip.

Dental microscope magnification increased the 
success rates of ultrasonic removal from the 67% 
reported by Nagai et al to 88% and 95% in more 
recent reports. Hence, we opted the same for the 

6
cases for the retrieval.

The first case presented showed successful 
removal using Ruddle's technique with 
ultrasonics. The technique for the removal of 
broken instruments uses Gates Glidden drills 
modified by cutting burs perpendicular to their 
long axis at the maximum cross-sectional 
diameter to prepare a circumferential “staging 
platform” in . In 'crown-down fashion Staging” 
the access is redefined, from the occlusal surface 
to the level of the pulp horns, to the orifice, 
straight down as far as practical into the canal 
space. This facilitates the introduction of an 
ultrasonic instrument. For 'Troughing' fine 
ultrasonic tips of various lengths at lowest power 
are used without water to trough around the most 
coronal part of the instrument in counter-
clockwise movements of the tips followed by 
ultrasonic vibrations. This removes dentin 
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circumferentially around the free-end of the 
instrument. The instrument retrieval is possible 
either due to ultrasonic vibration, which makes 
the instrument fragment to loose it or counter-
clockwise movements of the tips that could 

5, 11dislodge the fractured file.

Sometimes amount of binding or impaction of 
the fragment in the canal makes the retrieval very 
difficult, which was seen, in the presented case 2. 
The instrument was lodged at the junction of 
middle to apical third of the canal. With the use of 
direct technique the instrument fragment resists 
removal. Hence, an alternative indirect 
ultrasonic method was used. In this method a file 
can be introduced along the length of the 
separated instrument and ultrasonic vibration is 
applied to the file in an attempt to remove it. First, 
the smaller file was introduced to check the 
length along the instrument. Radiograph 
confirmed that the whole file was bypassed so 
there was enough space for the bigger size file. 
Later, # 20 H-file was used for better engaging 
with the separated instrument and agitated using 

12,13ultrasonic vibration with periodic irrigation.  
Thus resulting in removal of the separated 
instrument, which was seen in case 2.

Whenever retrieving separated instrument 
fragment becomes impossible/ undesirable, apart 
from retrieval the second option of bypassing the 
instrument should be attempted. Bypassing and 
sealing the fragment into place can also be very 
successful, if proper cleaning & shaping and 
copious irrigation is done. This was attempted for 
the third case presented where there was a failed 
attempt of the retrieval. Once the straight-line 
access is established, he instrument was slowly  t
bypassed using smaller diameter file (K- file 
No.8, 10) by slowing creating the lost space with 
the new instrument. This should be repeated with 
gradually increasing diameter sizes of files. Once 
the space is gained canal should be thoroughly 
cleaned around the obstacle. Followed by 
cleaning and shaping the apical terminus should 
be sealed by obturation. However, the root canal 
anatomy is quite variable and is not perfectly 
round like the separated instrument, and also the 
presence of flutes in instruments make it unlikely 
to completely fill the root canal space by itself. 
But following obturation, the separated file may 
become equivalent of any other Obturation 
material, with the sealer extruded into the 

14, 15
flutes.

The last option available for management of 
disarticulated instrument fragment is true 
blockage which also does not mean automatic 
failure if proper disinfection methods & sealing is 
provided.

Conclusion
All the procedures are technique sensitive yet by 
tactful applicability and the skill of the operator 
an attempt can be made to retrieve the instrument. 
Nevertheless, use of ultrasonic coupled with the 
dental operating microscope, makes it more 
reliable and effective for the clinician.So, 
Considering the limitations of the location, type 
of instrument separation and root canal 
morphology a wise decision should be made 
knowing the complications of different 
procedures for long term prognosis. The best 
antidote for separated instrument is its 
prevention. It can be done by constant monitoring 
of the usage of file and by avoiding aggressive 
movements, which will virtually eliminate the 
broken instrument procedural accident.
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KLES Dental Journal Case Report

REATTACHMENT OF TRAUMATISED MAXILLARY INCISORS
CASE REPORTS.

Abstract : Fracture of anterior teeth by trauma is one among the most frequent type of injury in the 
permanent dentition. Depending on the extent of injury, esthetic and functional requirements, 
traumatic dental injuries can be managed by a variety of clinical procedures including composite 
resin restorations, reattachment of fractured fragment, endodontic therapy with or without post and 
core or lastly extraction. Reattaching natural tooth structure offers an advantage over the others in that 
it is instant, provides superior esthetics, preserves the natural tooth structure and is best accepted by 
the patient. 
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Introduction
Fracture of anterior teeth by trauma is the most 
frequent type of injury in the permanent 

1dentition. It has been reported that prevalence of 
trauma involving upper incisors is 37%. Trauma 
to the anterior teeth resulting in fracture fragment 
requires immediate attention not only because of 
the damage caused to the dentition but also due to 

2the psychological impact it has on the patient.  
Dentists are confronted with managing dental 
trauma and restoring fractured teeth on a regular 
basis. Hence the techniques that speed and 
simplify treatment, restore esthetics and improve 
long term success rate are therefore of potential 
value and should be considered. As esthetics is of 
utmost importance to the patient and clinician, 
the importance of adequately restoring the 
esthetic elements of the tooth cannot be 

3neglected.

Various methods and techniques were advocated 
to restore fractured teeth. In the late 60's, 
temporary and permanent restoration of 
traumatized teeth in young individuals was a 
severe challenge with the existing treatment 

1  2 3  4 5Dr. Souparnika , Dr. Shiny Chaudhary , Dr. Vinay Kumar G , Dr. Nithin Shetty. , Dr. Shwetha

modalities. But as the adhesive composite 
restorations was has introduced during 70 's, it is 
almost becoming a standard procedure in the 
treatment of crown fracture in children, adults, 
and sometimes in elder persons. Other existing 
treatment options included porcelain laminate 
veneers, porcelain fused to metal crowns, and all 

4
ceramic crowns.

Tennery was the first to report the reattachment of 
2

a fractured fragment using acid etch technique.  
Subsequently, Starkey and Simonsen have 

2
reported similar cases.  Reattachment of original 
tooth fragment helps in the maintenance of tooth 
color, wear resistance, morphology, and 
translucency in the restoration. It also has a 
positive emotional and social response from the 
patient for preservation of natural tooth structure.

The present paper reports two cases of traumatic 
dental injury in maxillary incisor which resulted 
in crown fracture. A conservative restorative 
treatment which consisted in the reattachment of 
the tooth fragment was performed in both cases in 
order to preserve the dental element and to obtain 
maximum aesthetics.

Case Presentation 
A 45-year-old male patient reported to the 
Department of Conservative Dentistry and 
Endodontics, KLE Institute of Dental Science 
and Hospital, Bengaluru, with a chief complaint 
of broken upper front tooth (Fig 1). A thorough 
history from the patient revealed a blow to the 
upper jaw resulting in fractured maxillary right 
lateral incisor.
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Intraoral examination was done which revealed 
that the maxillary right lateral incisor was 
fractured in a labiopalatal direction without 
displacement of the fragment. Fractured 
fragment was mobile as the fracture was 
incomplete and the fragment was held in 
position by the soft tissue palatally. An intraoral 
periapical (IOPA) radiograph revealed no 
associated root fracture. The alveolar bone and 
the periapical tissues appeared normal. A 
diagnosis of complicated crown fracture 
(involving the pulp chamber) – Ellis Class III 
with respect to maxillary right lateral incisor was 
made. As the fracture was a complicated one, a 
decision of single visit endodontic treatment 
followed by reattachment of fractured crown 
segment was taken. Since the fractured 
fragments were intact, with slight attachment 
palatally, reattachment of the same fragment was 
planned. 

The treatment plan was accepted by the patient. 
After anesthesia, the working length was 
determined with an electronic apex locater (Root 
ZX, J.MoritaCorp.Kyoto, Japan) and confirmed 
with radiography. The fractured segment mobile 
coronal tooth fragment was removed and stored 
in normal saline to prevent dehyratation (Fig 3). 
The gates glidden drills (Mani Inc, Japan) were 
used for coronal segment of the root canal. The 
root canal was enlarged to ISO size 40 at 
working length. (Fig 4) Sodium hypochlorite 
was used during the cleaning and shaping. The 
root canal was dried with paper points (Spident, 
Hand Rolled, Korea) and sectional obturation 
done using zinc oxide eugenolsealer and 
guttapercha (Fig 5).

Procedure For Reattachment

The fractured fragment was cleaned, verified for 
its fit on the fractured tooth and stored in normal 
physiologic saline to prevent further 
dehydration. The post space was prepared to 
receive the fiber reinforced post. The fibre post 
was checked for the fit. A 2 mm of chafer finish 
line was prepared on both the tooth and fractured 
segment to increase the fracture resistance. Once 
the length of the post and its alignment with the 
fractured segment was confirmed, the canal was 
dried and a non-rinse conditioner (Parabond 
CW) was applied for 30 seconds in the root 
canal. Excess was blown away with stream of 
air. Bonding agent (Parabond CW) was mixed 

according to manufacturer's instruction in 1:1 
ratio and applied to root canal. It was left for 30 
seconds; excess was blown away with stream of 
air. The post was then luted in the canal using 
dual cured resin cement and cured (Fig 6). After 
fiber post was cured, the coronal fragment was 
checked for the fit. The fractured tooth surface 
and the fragment were subjected to acid etching 
with 37% orthophosphoric acid (3M ESPE) for 
15 seconds, then rinsed thoroughly with water 
and air dried. Next, an adhesive (Adper Single 
Bond, 3M ESPE) was applied on to the etched 
surfaces and the resin cement was manipulated 
according to the manufacturer's directions and 
applied to the repositioned fragment and tooth 
surface (Fig 7). The adaptation of the fragment to 
tooth surface was confirmed before light curing 
and visible light curing was done for 20 seconds 
each on labial and palatal side. The restored 
surface was finished and polished (SofLexTM 
disks 3M ESPE). Final evaluation for occlusion 
and esthetics was done (Fig 8). Oral hygiene 
instructions were given to the patient. The patient 
was scheduled for follow up. 

Fig 1 Pre operative photograph

Fig 2 Fractured crown segment is removed

Fig 3 Fractured segment.
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Fig 4 Working length radiograph.

Fig 5 Sectional obturation radiograph.

Fig 6 Fiber post cementation.

Fig 7 Reattachment of coronal fragment.

Fig 8 Post operative.

Case 2
A 14-year-old boy was referred to the 
Department of Conservative Dentistry and 
Endodontics, KLE Institute of Dental Science 
and Hospital, Bengaluru, one day after a 
traumatic injury. The extra oral examination 
revealed no significant findings. Intraorally, the 
maxillary central incisors had an oblique fracture 
with pulpal exposure ( Ellis Class – 3). The 
fractured segment of right maxillary central 
incisor was in position by soft tissue attachment 
palatally The left maxillary central incisor was . 
without fractured segment (Fig1). The pulp was 
totally exposed in both teeth. The crown 
fragment of maxillary right incisor was mobile 
but still in place. The apical fragment of both 
teeth had no pathologic mobility. Reattachment 
procedure was planned in relation to right 
incisors. 

Local anesthesia was administered, and the 
fractured coronal fragment was detached with 
minimal force from the soft tissue attachment 
and immediately soaked in saline solution to 
prevent dehydration (fig 2). A decision was made 
to place a fiber reinforced polymer post into the 
root canal for retention. Following extirpation of 
the pulp tissues, working length is confirmed 
using RVG (Fig 3) and the root canal was 
enlarged to ISO size 60 at working length. 2.5% 
Sodium hypochlorite was used during the 
cleaning and shaping and the root canal was 
obturated with sectional obturation using gutta 
perha and zinc oxide eugenol Sealer (Fig 4). 

Reattachment protocol was same as in case 1 
using fiber reinforced composite post and 
paracore resin cement system (Fig 5).The 
restored surface was finished and polished 
(SofLexTM disks 3M ESPE). Final evaluation 
for occlusion and esthetics was done (Fig 6).
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Fig 1 Preoperative image

Fig 2 Fractured segment.

Fig 3Working length radiograph

Fig 4. Sectional obturationxray

Fig 5 Post operative radiograph.

Fig 6 Post operative photograph.

Discussion 
Preservation of the natural dentition and 
restoration of the oral cavity to a normal 
functional state is a primary goal in 

1dentistry. Fracture of a tooth may be a most 
traumatic incident for patients. However, it has 
been found that if the natural tooth structure is 
preserved it has a positive emotional and social 
response from the patient.

Factors determining the treatment plan and 
prognosis for coronal teeth fractures include the 
extent of fracture, endodontic involvement, 
periodontal status, maturity of root, biological 
width invasion, pattern of alveolar bone fracture, 
restorability of fractured tooth, secondary 
traumatic injuries, presence/absence of fractured 
tooth fragment and the fit between the fragment 
and remaining tooth, occlusion, esthetics, and 

5finances. 

With advances in adhesive dentistry, the process 
of fragment reattachment has become simplified 

6and more reliable. It has been discussed 
extensively in literature that the use of post and 
core do not strengthen endodontically treated 
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teeth but use of post for strengthening the 
reattached coronal fragment is justified. In the 
last few decades, different types of post materials 
have been introduced into the dental practice 
such as carbon fiber, quartz, and glass fiber. The 
use of fiber post with composite core is most 
recommended not only it can create a monobloc 
which is a multilayered structure with no weak 

6interlayer interfaces but it has several advantages 
such as a suitable elastic modulus, esthetics, good 
bonding between post and cement, lower chair 

9time, and minimal tissue removal

It has been stated that fiber reinforced resin, post 
that is bonded into the root canal of the incisor, 
provides increased retention of the crown's 
fractured segment and is less subject to root 
fracture due to a combination of adhesive and 

8
elastic properties.

 Several techniques of reattachment of teeth have 
been proposed. Wiegandet al., suggested making 
an internal groove in the fractured segment and in 
the remaining tooth, when the fragments are 
intact; or over contouring the area when there is a 

7
partial loss of hard tissue. In the current case 
reports chamfer finish line was prepared on both 
the tooth and fractured segment to increase the 
fracture resistance of the segment.

The remarkable advancement in adhesive 
systems and resin composites has made 
reattachment of tooth fragments a procedure that 
is no longer a provisional restoration but rather a 
restorative treatment offering a favorable 
prognosis. However, this technique can be used 
only when intact tooth fragment is available and 
close repositioning between fragments is 
possible.

Conclusion 
Complex coronary fractures require a specialized 
interdisciplinary treatment and must be carefully 
assessed by the dental clinician to achieve the 
best possible outcome.Bearing in mind that it is a 
simple,fast,affordable, and esthetically 
predictable technique, tooth fragment 
reattachment should always be the treatment 
method of choice when the fragment is present 
and is in good condition, even if a perfect 
adaptation is not observable. �This paper reports 
the successful management of traumatic injury to 
maxillary incisors with an imperceptible line of 
reattachment. Better and novel material 
formulations have allowed successful retention 

of the fractured tooth in its natural way. After all, 
nature holds the key to our esthetic, intellectual, 
and psychological satisfaction.
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REHABILITATION OF LOST SMILE: BUILDING THE SELF-ESTEEM: 
A CASE REPORT ON FRAGMENT REATTACHMENT USING FIBER POST

AND DUAL CURE COMPOSITE RESIN
1 2 3 4Dr Sunitha , Dr Sandya Patil , Dr Madhu Kakanur , Dr hakur , Rachna T

Abstract : For modern medical care, social background may be an essential factor, and medical care 
throughout the individual's life time appears to have significant meaning. From this point of view, 
total dental care throughout childhood is being carried out in the field of pediatric dentistry. It can be 
stated that we Pedodontists have a degree of far sight in the treatment of traumatic injuries to the teeth 
regarding children, since the injured teeth are treated not only as items to be restored but also as a part 
of the growing body with careful consideration on the effects with regard to oro-facial growth. It is 
obvious that epidemiological surveillance is necessary to understand the cause of dental injuries, and 
also careful attention ought to be paid to the activity of the children to grasp the potential background 
of dental trauma. Coronal fractures of the anterior teeth are common sequelae of dental trauma. In 
case of complex fractures, where the fractured segment is available and there is close approximation 
of the segment to the remaining tooth, root canal treatment followed by reattachment of the fractured 
segment with fiber post reinforcement is a feasible option. The procedure is simple and economic and 
needs less chair-side time as compared to many conventional methods. In addition, the procedure 
provides good and long-lasting esthetics, because the original morphology, color, and surface texture 
are maintained. This article presents a case report of the reattachment of fractured tooth fragment 
using fiber post and dual cure composite resin.

Key words: Complicated crown fracture, Reattachment, Fiber post, Dual cure composite resin. 
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Introduction 
Dental trauma is a relatively prevalent condition, 
one in six adolescents and one in four adults 
suffers a traumatic dental injury in their life time. 
Epidemiologic studies show that most dental 
injuries involve just one tooth and that the 
majority of the affected teeth are maxillary 

1central incisors. Dental fractures account for 26-
2

76% of dental injuries in the permanent dentition  
Coronal fractures of permanent incisors 
represent 18-22% of all trauma to dental hard 
tissues, 28-44% being simple (enamel and 
dentin) and 11-15% are complex (enamel, dentin, 

3and pulp).  Based on this, different classification 
systems of traumatic tooth injuries appear in the 
literature (Andreasen & Andreasen, 1993; Ellis 

& Davey, 1970; Spinas & Altana, 2002; Baratieri, 
4,5,6,7Monteiro & Andrada, 1998).

The most common etiological factors of crown 
and crown-root fractures in the mixed and 
permanent dentition are injuries caused by fall 
(about 40%), contact sports (about 20%), 
automobile accidents, and foreign body striking 

8
the teeth.

Injuries to the maxillary anterior region causes 
significant disfigurement leading to problems 
associated with the patient's esthetics and 
appearance as well as function. It is a physical as 
well as a psychological impact on the patient and 
in children, it may cause significant concern to the 
parents. Such esthetically demanding and critical 
scenarios require quick and logical clinical 
actions to rehabilitate the patient. One of the 
options for managing coronal tooth fractures, 
especially when there is no or minimal violation of 
the biological width, is the reattachment of the 

9
teeth fragment when it is available.

The first published case of reattaching a fractured 
incisor fragment was reported in 1964 by Chosack 
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10 11 12 13A et al.  Tennery , Starkey  and Simonsen  
were also the early workers to report the cases of 
“tooth fragment reattachment”. Tooth fragment 
reattachment technique represents an important 
step in the art and science of restoring fractured 
anterior teeth. Fragment bonding usually restores 
the incisal function and surface anatomy 
perfectly and is probably less traumatic, simple 
and low cost method. Additionally it establishes 
superior esthetics, positive emotional and social 
response from the patient towards the 

14,15,16,17,18,19
preservation of natural tooth structure.

Reattachment of tooth fractured at the cervical 
level can be reinforced with the use of post as it 
interlocks the two fragments and minimizes the 
stress on the reattached tooth fragment. Glass 
fiber posts were introduced in 1900, which offers 
several advantages such as esthetic, have 
modulus of elasticity similar to that of dentin, and 
reinforcement of restored segments by the 

20, 21
formation of Monobloc.

This article describes case report of a 14 year old 
boy with oblique coronal tooth fracture 
extending below CEJ subgingivally that was 
successfully treated using tooth fragment 
reattachment with fiber post and dual cure 
composite resin.

Case report
A 14-year-old boy reported to the Department of 
Pedodontic and Preventive Dentistry, KLE 
Society's Institute of Dental Sciences, Bangalore 
with the chief complaint of broken upper front 
left tooth due to accidental fall while playing 
sports, two days after the injury (Figure 1).The 
patient's medical history was unremarkable. On 
inspection, the left maxillary central incisor had 
fractured obliquely about 3-4 mm below the CEJ 
on the labial aspect and 2 mm above the level of 
CEJ in the palatal aspect comprising of the pulp. 
The fractured fragment was attached to the 
palatal gingival tissue (Figure 2). It was tender on 
percussion. On radiographic examination, a 
radiolucent line extends from incisal to cervical 
third of crown obliquely with intact lamina dura 
with respect to 21 (Figure 3a). There were no 
other injuries associated with the soft tissues or 
alveolar bone on clinical and radiographic 
examination. There was no evidence of abscess 
formation. There was no sign of trauma to the 
adjacent teeth and fractured tooth was vital. 
Based on clinical and radiographic findings, it 
was diagnosed as Ellis class III fracture / 

Andearson's Class IV fracture wrt 21.

The patient was presented with the following 
treatment options after the final diagnosis:
1. Root canal treatment followed by reattachment 

of the fractured fragment using post and core.
2. Root canal treatment followed by post and core 

and composite buildup.
3. Root canal treatment followed by post and core 

and crown after orthodontic tooth extrusion.

The patient expressed the desire to maintain the 
tooth and restore it with dual cure resin based 
composite restoration, due to the lower cost 
compared to an indirect restoration. A detailed 
explanation about the treatment plan was given to 
the patient.

 

Fig1: 14 year old male patient 

Fig 2: Clinical appearance of tooth after 
trauma(pre-operative)
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Fig 3a: Pre-operative 
radiograph              

Fig 3b: Working 
Length Determination

Fig 3c: Master cone 
selection                                           

Fig 3d:  Obturation

Management
After local anesthesia administration, mobile 
coronal tooth fragment was removed (Figure 
4).Fragment was stored in sterile distilled water 
to prevent discoloration and dehydration (Figure 
5a and 5b).The working length was determined 
using intraoral  periapical  radiograph 
(IOPA)(Figure 3b).The gates glidden drill (Mani 
Inc, Japan) were used for coronal segment of the 
root canal preparation. The root canal was 
enlarged to ISO size 60 at working length of 17 
mm. 2.5% Sodium hypochlorite was used during 
the preparation. The root canal was dried with 
paper points (Spident, Hand Rolled, Korea) and 
obturated using zinc oxide sealer and gutta 
percha cones (Figure 3c and figure 3d). Root 
canal therapy was completed in single sitting. 
The coronal portion of the root canal obturation 
was removed with a heat carried instrument for 
the placement of post. The post space was 
prepared and was extended beyond the fracture 
line with corresponding drills to receive the fiber 
post which was about 10 mm. The fiber post was 
checked for the fit. A retentive groove was 
prepared in the fractured crown fragment using a 
large round bur to act as a retentive area and to 

receive the post. The alignment of the coronal 
fragment was assessed with the post in position. 
The root canal was then etched using 37% 
phosphoric acid for 15 seconds and thoroughly 
rinsed off (Figure 6a). Bonding agent (ADPER 
SINGLE BOND2, 3M ESPE) was then applied 
to the root canal walls and light-cured for 15 
seconds. Bonding agent was also applied to the 
light transmitting post. Dual cure composite 
resin (Rely-X, 3M) was placed in the canal and 
the fiber post was placed up to the proper length 
and cured for 40 sec. The inner surface of the 
coronal fragment was similarly etched and 
bonded to the tooth with dual cure composite 
resin. When the original position had been 
reestablished, excess resin was removed and the 
area was light cured for 40 seconds on each 
surface, making sure that no displacement of the 
fragment occurred before adhesive/resin 
polymerization was complete. The margins were 
properly finished with diamond burs and 
polished with a series of Sof-Lex disks (3M 
ESPE) (Figure 6b, 6c, 6d). The occlusion was 
carefully checked and adjusted. All these 
procedures were completed in single sitting.

Instructions were given as to avoid heavy forces 
on the teeth to the patient and to follow regular 
oral hygiene practices. The patient returned for 1, 
3 and 6 month followups (Figure 7), and 
restorative treatment remained clinically and 
esthetically acceptable for the entire time.

Fig 4: Clinical appearance of tooth after 
removal of fracture fragment and crown 

fragment of tooth.
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a

Fig 5: Fractured fragment:
 (a) Labial view, (b) Lingual view

Fig 6a: Fiber Post Placement

Fig 6b: Etching of the pulp chamber and fiber post

Fig 6c: Bonding agent and light cure composite 
applied to the pulp chamber and fiber post.

Fig 6d: Placement of fractured 
tooth fragment in place and cured.

 

Fig 7: Clinical appearance (Post –operative) 
after 6 months

Discussion
Preservation of the natural dentition and 
restoration of the oral cavity to a normal 
functional state is a primary goal in dentistry. 
Andreasen & Andreasen in 1994 stated that 'it is 
on the biological basis and the development of 
new treatment modalities that it is now possible to 
save more teeth and restore the esthetics and 
function of the traumatized dentition'. In the pre 
adhesive era, fractured teeth needed to be restored 
either with pin retained inlays or cast restorations 
that sacrificed the healthy tooth structure and 
were a challenge for clinicians. The development 
of adhesive dentistry has opened the floodgates to 
a wide array of techniques which includes the 
reattachment procedure where the patient's own 
tooth fragment can be considered for 

22
reattachment.

Factors determining the treatment plan and 
prognosis for coronal teeth fractures include the 
extent of fracture, endodontic involvement, 
periodontal status, maturity of root, biological 
width invasion, pattern of alveolar bone fracture, 
restorability of fractured tooth, secondary 
traumatic injuries, presence/absence of fractured 
tooth fragment and the fit between the fragment 
and remaining tooth, occlusion, esthetics, and 

23finances. The success rate also depends on 
hydration of the fractured segment while outside 
oral cavity. This is necessary to maintain the 
vitality and original esthetic appearance of the 
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tooth and also ensures adequate bond strength. In 
all the reported cases, after the coronal segment 
was separated, hydration was ensured by storage 

24in sterile isotonic saline.

Depending on these factors various treatment 
options were composite restorations, orthodontic 
extrusion, surgical extrusion or crown 
lengthening followed by post and core supported 
restorations and reattachment of fractured 

25
fragment.

Composite restorations can be considered only 
for less extensive fractures in enamel and dentin. 
Post  and core supported crowns are 
recommended in cases of major tooth loss where 
the fractured fragment is not available. With the 
fracture line extending below the alveolar crestal 
bone orthodontic extrusion or surgical extrusion 
is recommended before the restoration. But with 
the fracture lying above the alveolar bone crest, 
reattachment of the fractured fragment is a more 

26viable option. There is sufficient evidence to 
show that the reattachment of the fractured 
coronal fragments using modern adhesive 
systems results in predictably successful short- 

27 
and medium-term outcomes. However, this 
technique can be used only when the intact tooth 

28fragment is available.  A growing number of case 
reports in the literature suggests that 
reattachment of a fractured tooth fragment is a 
viable approach for the treatment of coronal 
fracture of anterior teeth when the fractured 

3,4,8,10,11,12
segment is available.

Hayashi et al. have highlighted that the selection 
of restorative technique in cases of extensive loss 
of tooth structure where reinforcement of 
pulpless teeth is required, is highly critical. When 
a tooth has more than 50% of its coronal structure 
missing, the use of a post and core foundation is 

29recommended prior to restoration.  In recent 
literature reviews, it has become clear that posts 
do not strengthen endodontically treated teeth. 
However, their use is justified for retention of the 

30
reattached coronal fragment.

Restoration with cast metal posts can cause 
wedging forces coronally that may result in 
irreversible failure because of fracture of an 
already weakened root.The newer variety of 
nonmetallic posts is made of either ceramic or 
fiber reinforced materials like carbon, quartz or 
glass in an epoxy matrix. FRC posts are available 
in different shapes: cylindrical, cylindro-conical, 

conical, and double-tapered. It is considered that 
parallel-sided posts are more retentive than 
tapered dowels. Double-tapered posts better 
adapt to the shape of the endodontically treated 
canal, thus limiting the amount of dentin tissue to 
be removed in post space preparation. Achieving 
stable adhesion to intraradicular dentin, 
particularly at the apical level, remains a clinical 
challenge, due to the negative influence of 
several intervening factors. Among them, 
endodontic irrigants, such as sodium 
hypochlorite, EDTA, hydrogen peroxide, RC 
Prep, as well as calcium hydroxide and eugenol 
sort of medicaments and sealers were found to 
negatively affect the adhesion of luting agents, by 
altering dentin structure or interfering with resin 
polymerization. When preparing the post space, 
part of the dentin possibly altered by canal 
irrigants, medicaments, and sealers is obviously 
removed. However, rotary instruments, acting 
under the far from ideal irrigation possible inside 
the root canal, produce a thick 'secondary' smear 
layer, including remnants of plasticized gutta-
percha and sealer. Such contaminants hinder 
chemical interaction and penetration of the luting 
agent. Therefore, in order to enhance post 
retention, a careful debridement of the post space 
walls should be performed prior to cementation. 
The use of ultrasonic instrumentation in 
association with EDTA has been suggested for 

31
this purpose.

Fiber reinforced composite resin post offers 
many advantages for reattachment procedure 
such as conservation and bonding to the tooth 
structure, low modulus of elasticity equal to that 
of dentin, esthetics, simplicity of procedure 

32
requiring less chair time and cost-effectiveness , 
and also negligible root fracture. By using glass 
fiber post with composite core and with recent 
advances in adhesive techniques and materials 
one can create a Monobloc (a multi-layered 
structure with no inherent weak interlayer 
interfaces). Early retrospective studies indicate 
that the clinical performance of fiber post is 
promising and the failure rate recorded is 3.2% 

29
over a period of up to 4 years.  Trope et al in 1985 
showed that endodontically treated teeth can be 
reinforced with the use of resin composite 

33restoration. It is also reported that the use of a 
fiber post with fractured teeth, as it interlocks the 
two fragments, minimizes the stress on the 

30,31reattached tooth fragment.
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The main challenge to a clinician is to manage the 
psychological impact as well as the physical 
injury the patient sustains in an accident. In this 
case report patient aged 14 years and was 
extremely conscious about his personal 
appearance. Fragment reattachment procedure 
was the best logically justified treatment option 
for this case. The fractured fragment was stored in 
normal saline until reattachment was done, and no 
discoloration was observed during the post 
treatment follow up examinations. Glass fiber 
post was used to reinforce the pulpless teeth. Its 
Monobloc effect with no inherent weak interlayer 
interface helps in distribution of stresses to the 
remaining radicular dentin, there is less chance of 

29
microleakage and good bond strength to tooth . 
The retention of fiber posts in root depends on the 
degree of conversion of the resin cement, which 
may be inhibited in the most apical regions of post 
space, because these areas are far from the light. 
Therefore, the exclusive use of dual cure or self-
curing composites to lute fiber post is 
recommended. In this case, self-adhesive dual 
cured universal resin cement (Rely X Unicem) 
was used to cement the post, which was white and 
transparent. Its use facilitated the light penetration 

34, 35and increased the composite resin conversion.  
The treatment procedure was conservative, done 
in a single appointment, provided absolute 
esthetics and patient was satisfied by the results. 
Follow up recalls up to 6 months have remained 
satisfactory to the patients as well as the clinician.
With the materials available today, in conjunction 
with an appropriate technique, esthetic results can 
be achieved with predictable outcomes. Thus, the 
reattachment of a tooth fragment is a viable 
technique that restores function and esthetics with 
a very conservative approach, and it should be 
considered when treating patients with coronal 
fractures of the anterior teeth, especially younger 
patients.

Conclusion
Losing your teeth can cause health problems and 
also directly affects your self-esteem. The 
remarkable advancement of adhesive systems and 
resin composites has made reattachment of tooth 
fragments a procedure that is no longer a 
provisional restoration, but rather a restorative 
treatment offering a favorable prognosis. If an 
intact tooth fragment is present after trauma, the 
reattachment procedure presents a conservative, 
simple, esthetic, and economical treatment 
option. From the preventive aspect, fabrication of 
mouth guards and patient education about 

treatment limitations may enhance clinical 
success as reattachment failures may occur with 
new trauma or parafunctional habits. 
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Abstract : Dentigerous cyst is a radiolucent well-defined odontogenic lesion that surrounds the 
crown of an unerupted tooth and prevents its eruption. Dentigerous cysts are the second most 
common odontogenic cysts after radicular cysts. This paper describes the successful outcome of the 
conservative surgical management of a dentigerous cyst associated with a left mandibular first 
premolar in a 6- year-old male child.
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Introduction 
Dentigerous cyst is a radiolucent well-defined 
odontogenic lesion that surrounds the crown of 

1
an unerupted tooth and prevents its eruption . 
Dentigerous cysts are the second most common 
odontogenic cysts after radicular cysts 

2,3
accounting for 49% of all cystic lesions .A very 
substantial majority involve mandibular third 
molar, the maxillary permanent canine in next 
order of frequency of involvement, followed by 
mandibular premolars and maxillary third molars 

4in decreasing order . Dentigerous cyst is caused 
by an alteration of the reduced enamel 
epithelium, which results in fluid accumulation 

5between the epithelium and tooth crown . There 
are 2 types of dentigerous cysts: one 
developmental and the other inflammatory in 
nature based on two different processes for cystic 
degeneration of the reduced epithelium of 
enamel organ of an included tooth. The first 
phenomenon is usually associated pressure 
exerted by a potentially erupting tooth on an 
impacted follicle that, obstructs the venous 
outflow and thereby induces rapid transudation 
of serum across the capillary walls, which,results 
in fluid accumulation between the reduced 
enamel epithelium and tooth crown. The second 
mechanism is associated to an apical 

inflammation in the primary predecessor whose 
cytokines stimulates cystic degeneration of the 

6permanent tooth follicle . 

As evident from the literature, an inflammed 
dentigerous cyst occurs more frequently in boys 
than girls. It occurs between 6–12 years of age 
and is ten times more likely to occur in the lower 

7jaw than the upper .These cysts are often 
asymptomatic unless there is an acute 
inflammatory exacerbation and, therefore, these 
lesions are usually diagnosed during routine 
radiographic examination. Swelling, teeth 
displacement, tooth mobility, and sensitivity 
may be present if the cyst reaches a size larger 

8
than 2 cm in diameter .The formation and 
expansion of a dentigerouscyst may be affected 
by the timing of the spread of inflammation, 
duration of inflammation, position of the 
permanent tooth germ, and growth stage of the 

5tooth germ .

Radiographically, the dentigerous cyst presents 
as a well-defined unilocular radiolucency, often 
with a sclerotic border. Since the epithelial lining 
is derived from the reduced enamel epithelium, 
this radiolucency typically and preferentially 
surrounds the crown of the tooth. A large 
dentigerouscyst may give the impression of a 
multilocularprocess because of the persistence 
of bone trabeculae within the radiolucency. 
However, dentigerous cysts are grossly and 
histopathologically unilocular processes and 

9probably are nevertruly multilocular lesions .
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Possible complications resulting from 
dentigerous cysts include:
1. Permanent bone deformation or pathologic 
 bone fracture;
2.  Expansive bone destruction;
3.  Loss of permanent teeth; and
4.  Development of squamous cell carcinoma, 

m u c o e p i d e r m o i d  c a r c i n o m a ,  a n d  
3

ameloblastoma .

The appropriate treatment for an inflammatory 
dentigerous cyst involving a permanent 
successor is extraction of the primary 
p r edeces so r  w i th  i n f l ammat ion  and  
marsupialization. A radiolucent area that 
embraces the permanent tooth bud, ill-defined 
lesion borders, and retarded root development 
are pathognomonic signs of a damaged tooth 
germ. In cases in which the permanent tooth is 
severely damaged, complete enucleation of the 
cyst and including the permanent tooth bud has 

5been recommended . 

Case Report
A 6- year- old boy reported to the department of 
Pediatric Dentistry, KLE Society's Institute of 
Dental Sciences, with the chief complaint of 
painless swelling in the region of 73 and 74 since 
3 months. The swelling gradually increased in 
size over the period and was associated with no 
pain or discharge. On general physical 
examination, the patient was apparently healthy. 
The medical history was not significant and 
routine haematological investigations were 
within normal limits. The extraoral examination 
revealed asymmetrical facial profile with no 
signs of neurological deficits on the lower left 
half of the face. There was no sign of any regional 
lymphadenopathy. Intraoral examination 
revealed a mixed dentition stage with a bilateral 
endon relationship. A hard non tender, non 
fluctuant swelling measuring approximately 1.5 
cm in diameter was evident in the lower left 
vestibule extending from the distal surface of the 
primary lateral incisor to the distal surface of the 
second primary molar (Fig1).The swelling was 
associated with expansion of the buccal cortical 
plate and covered by healthy appearing mucosa. 
The teeth (73, 74, 75)associated with the swelling 
were mobile,74 was carious and the other two 
were not associated with any decay.A panoramic 
radiographic examination revealed a well-
defined unilocularradiolucentlesion in the body 
of the mandible on the left side which was 

associated with the mesially tilted first premolar 
and distally displaced second premolar in Nolla's 
stage 4 (Fig 2). The cystic structure appeared to 
have originated from the first bicuspid with 
inferior and mesial displacement of the same 
tooth and inferior and distal displacement of the 
second premolar. The corresponding deciduous 
teeth were still present with grossly carious 74 
and pathological root resorption of more than 
50% of the distal root of 74 and mesial root of 75. 
A clinical diagnosis of dentigerous cyst involving 
the crown of the impacted mandibular first 
bicuspid was made with the differential diagnosis 
o f  r a d i c u l a r  c y s t ,  O K C  a n d   
unilocularameloblastoma. 

Treatment Plan
Considering the age of the patient, the size of the 
cyst, position and developmental stage of the 
involved tooth bud, a conservative treatment 
modality was decided upon. The main objectives 
of the treatment were the elimination of 
pathological entity and to bring the involved 
permanent tooth into its position clinically. The 
treatment plan involved the extraction of 73, 74 
and decompression of the cyst through the 
extraction socket, pulpectomy for 72,75, 
histopathological examination of the cystic 
lining, space maintainer to maintain the space for 
uneruptedcuspid and bicuspid with follow up 
with periodic radiographs. 

Treatment
The left mandibular canine and first deciduous 
molar were extracted under local anesthesia (2% 
Lidocaine with 1:100,000 Epinephrine) and the 
socket was used to establish the communication 
between the cystic and the oral cavities (Fig3). 
The excisional biopsy obtained from the cystic 
cavity for histopathological examination 
revealed a discontinuous lining of thin, flattened 
epithelium consisting of 2-3 layers, resembling 
reduced enamel epithelium. The connective 
tissue was edematous with mild chronic 
inflammation. Few odontogenic cell rests were 
seen dispersed in the connective tissue. This 
confirmed the initial diagnosis of dentigerous 
cyst without evidence of dysplastic changes. An 
impression of the lower arch was made for the 
construction of a removable appliance (Fig 4). A 
BIPP (Bismuth iodoform paraffin paste) gauze 
pack was inserted into the cystic cavity and 
without further delay the appliance was 
fabricated with a resin plug extending 7 mm into 
the cystic cavity to maintain the patency of the 
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cavity and prevent fibrous healing (Fig 5). The 
patient was recalled every week after the initial 
surgery for BIPP dressings and the modification 
of the resin plug to ensure the eruption of the first 
premolar. The displaced premolars were 
monitored for their eruption by periodic 
periapical radiographs. At the 3 month follow up 
the acrylic appliance was replaced by a 
removable functional space maintainer (Fig 6). 
The 4 month follow up shows uneventful healing 
and progressive eruption (Fig7). 

Fig 1- Clinical appearance of swelling 
in the region 73 and 74.

Fig 2- OPG showing a radiolucent unilocular 
rea connected to primary teeth. 

The mesial root of 75 shows resorption.

Fig 3- Intraoperative photograph
showing the developing premolar 

Fig 4- Elastomeric impression showing 
the extension of the cavity

Fig 5- Removable appliance with resin
extension projecting into the cystic cavity.

Fig 6- Functional space maintainer
delivered 4 months postoperatively

Fig 7-4 month follow up periapical radiograph 
showing uneventful healing and progressive 

eruption of the premolars
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Discussion
The aim of treating dentigerous cyst is complete 
elimination of the pathology and preserving the 
developing dentition with minimal surgical 
intervention. 

Three types of dentigerous cyst have been 
described radiographically: The central variety, 
in which the radiolucency surrounds just the 
crown of the tooth, with the crown projecting into 
the cyst lumen. In the lateral variety, the cyst 
develops laterally along the tooth root and 
partially surrounds the crown, the circumferential 
variant exists when the cyst surrounds the crown 
but also extends down along the root surface as if 
the entire tooth is located within the cyst. Our case 
was radiographically a circumferential variant. 

Most dentigerous cysts are treated with 
enucleation of the cyst and removal of the 
associated tooth. Large dentigerous cysts may be 
treated with marsupialization when enucleation 
and curettage might otherwise result in 
neurosensory dysfunction or pre-dispose the 
patient to an increased chance of pathological 

9fracture .

In the present case the treatment plan included 
extraction of the involved primary teeth and 
plugging the cystic cavity with a resin appliance. 
Following the removal of the involved deciduous 
teeth, cystic contents were drained out resulting 
in decompression of the cyst. The opening was 
then kept patent with resin plug extending into the 
cystic cavity to allow the cyst to shrink and at the 
same time allow bone regeneration to occur. The 
acrylic plug prevented the formation of fibrous 
healing tissues causing premature closure, which 
could have impaired the healing process and 
eruption of the permanent tooth. This technique 
was chosen because it is a more conservative 
intervention compared to enucleation of the 
cystic lesion while preserving the developing 
premolars.

The technique proved to be successful in the 
present case. Post-operative follow-up care for 
this child will continue until the eruption of the 
permanent teeth involved.

Conclusion
This article presents the successful management 
of an inflammatory dentigerous cyst in a 6 year 
old child. The treatment modality for such cystic 
lesions in children should be as conservative as 

possible in order to prevent any possible injury to 
the adjacent developing tooth germs.
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KLES Dental Journal Review Articles

NEW FRONTIERS FOR ACCELERATED ORTHODONTICS

Abstract : One of the main disadvantages of orthodontic treatment is the prolonged treatment time 
which hasincreased the tendency for researchers to focus on accelerating tooth movement. 
Unfortunately, other than patient burn out, prolonged  treatment time poses several disadvantageslike 
higher predisposition to caries, gingival recession, and root resorption. This increases the demand to 
find the best method to accelerate tooth movement with the least possible disadvantages. The aim of 
this reviewis todiscuss the successful approaches in accelerating tooth movement and to highlight the 
latest techniques.Many studies were done on the biological method for tooth movement, 
unfortunately majority of them were done on animals. In humans cytokine, PTH, vitamin D, and 
RANKL/RANK/OPG show promising results, on the other hand, relaxin does not accelerate tooth 
movement, but increases the tooth mobility. Corticotomyis the most promising approach but with 
limited application due to its aggressiveness.Less invasive procedures like micro-osteoperforations 
has shown promising results. Low-level laser therapy has shown positive outcome.  Piezocision 
technique is considered as one of the best surgical approaches because it poses good periodontal 
tissue response and excellent aesthetic outcome. Newer non-invasive approaches like submucosal 
injections of platelet rich plasma and low frequency virbrations also show positive result.

Keywords: Tooth movement, surgical, corticotomy, accelerate 
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Introduction 
Treatment duration is one of the common 
deterents that orthodontist face and causes 
irritation among adults plus increasing risks of 
car ies ,  g ingival  recess ion ,  and root  
resorption.Continuous modification of wires and 
brackets as a result of the biomechanical 
efficiencies in orthodontics has greatly 
improved. However, these biomechanical 
systems may have reached their limit and there is 
a need to develop new methods to accelerate 
teeth movement.A number of attempts have been 
made to create different approaches both 
preclinically and clinically. Most attempts can 
broadly be categorized into biological, physical, 
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biomechanical, and surgical approaches. Before 
going into details of these attempts, we need to 
understand the basics of orthodontic tooth 
movements and the factors that initiate inhibition 
and delayed tooth movement.

Biological mechanism of tooth movement
Orthodontic tooth movement occurs in the 
presence of a mechanical stimuli sequenced by 
remodeling of the alveolar bone and periodontal 
ligament (PDL). Bone remodeling is a process of 
both bone resorption on the pressure site and bone 

1formation on the tension site. The force applied 
on the teeth will cause changes in the 
microenvironment around the PDL due to 
alterations of blood flow, leading to the secretion 
of different inflammatory mediators such as 
cytokines, growth factors, neurotransmitters, 
colony-stimulating factors, and arachidonic acid 
metabolites. As a result of these secretions, 

2,3remodeling of the bone occurs.

Methods of accelerating tooth movement 
Orthodontic tooth movement consists of three 
phases: the initial phase, the lag phase, and the 
postlag phase. The initial phase is characterised 



by immediate and rapid movement and occurs 
24 hours to 48 hours after the first application of 
force to the tooth. This rate is largely attributed 
to the displacement of the tooth in the PDL 
space. The lag phase lasts 20 to 30 days and 
shows relatively little to no tooth displacement. 
This phase is marked by PDL hyalinisation in the 
region of compression. No subsequent tooth 
movement occurs until the cells complete the 
removal of all of the necrotic tissues. The postlag 
phase follows the lag phase, during which the 

3
rate of movement increases.

Various attempts can broadly be categorized into 
biological, physical, biomechanical, and 
surgical approaches.

Biological approach 
Experiments have been done using these 
molecules exogenously to enhance tooth 
movement both in animal experiments and 
humans. But this review is limited to the results 
of studies which were done on humans.

Table 1
Biological approaches to enhance tooth 

movement in humans

PGs-prostaglandins; RANKL-receptor activator 
of nuclear factor kappa B ligand.

Prostaglandin effect on tooth movement
Prostaglandin (PGs) is an inflammatory 
mediator and a paracrine hormone that acts on 
nearby cells, it stimulates bone resorption by 
directly increasing the number of osteoclasts. 

4 
Yamasaki conducted a clinical trail in which 
chemically produced prostaglandin E  (PGE ) 1 1

was administered in clinical cases of orthodontic 
tooth movement.The rate of distal canine 
movement was almost 1.6-fold on the side of 
PGE  injections as compared to the vehicle-1

injected side. Throughout this study, no side 
effects were observed macroscopically in the 
gingiva and roentgenographically in the alveolar 

bone, except for a slight pain reaction consistent 
with orthodontic tooth movement.

Drugs 
8According to current evidence, Fang J in his 

study found that aspirin might inhibit OTM in rat 
models and that the short-term (<1 week) use of 
celecoxib and acetaminophen for relieving 
orthodontic pain might not inhibit OTM. These 
results should be interpreted in light of the known 
limitations of animal study design and 
methodological quality. Well-designed human 
studies are needed before a conclusion can be 
made.

RANKL/RANK/OPG
5Nishijima et al  in his experiments showed that 

GCF levels of RANKL were significantly higher, 
and the levels of OPG significantly lower, in the 
experimental canines than in the control teeth at 
24 h, but there were no such significant 
differences at 0, 1, or 168 h. The  study indicated 
that the compression force significantly 
increased the secretion of RANKL and decreased 
that of OPG in a time and force magnitude-
dependent manner. The compression stimulated 
secretion of RANKL increased approximately 
16.7-fold and that of OPG decreased 2.9-fold, as 
compared with the control  group.

Relaxin 
The role of relaxin is known in the remodeling of 
soft tissue rather than remodeling of bone. It has 
been shown that it increases collagen in the 
tension site and decreases it in compression site 

9during orthodontic movement.

 6
Mcgorray et al  conducted a randomized clinical 
trials on humans were done by weekly injections 
of 50 μg of relaxin or placebo control for 8 weeks. 
Tooth movement was measured weekly on 
polyvinyl siloxane impressions which were 
scanned digitally. There was no significant 
difference between the relaxin and the placebo 
control group regarding the acceleration and 
relapse 

Submucosal injection of platelet rich plasma
The submucosal injection of platelet rich plasma 
(PRP) is a technique developed for accelerating 
orthodontic tooth movement by simulating the 
effects of bone insult without surgery and loss of 

 7alveolar bone. Liou EJ  conducted a study and 
showed clinically that submucosal injection of  

KLES Dental Journal 

53 KLES Dental Journal  * Vol-6 * 2017 



PRP accelerated the mandibular or maxillary 
alignment 1.7 folds faster in average, and the 
acceleration was dose-dependent when the PRP 
fold (platelet count in PRP/platelet count in 
blood) was <12.5. The optimal PRP fold for a 
more than 2-fold acceleration of orthodontic 
alignment ranged from 9.5 to 12.5 folds. On the 
other hand, the injection of PRP on the pressure 
side of en masse anterior retraction decreased 
71–77% of alveolar bone loss, and this was dose-
dependent. The pressure side of en masse 
anterior retraction had no alveolar bone loss 
when the PRP fold was higher than 11.0. In 
conclusion, the optimal PRP fold for the best 
performance in acceleration of orthodontic tooth 
movement and preservation of the pressure side 
alveolar bone is 11.0–12.5.

However better controlled studies are required to 
give conclusive evidence that submucosal 
injections of plasma rich protiens actually aid in 
increasing tooth movement.

Device-assisted treatment
Another approach in accelerating tooth 
movement is by using device-assisted therapy. 
The concept of using physical approaches came 
from the idea that applying orthodontic forces 
causes bone bending (bone bending theory) and 
bioelectrical potential develops. The concave 
site will be negatively charged attracting 
osteoblasts and the convex site will be positively 
charged attracting osteoclasts as detected by 

 10
Zengo  in his measurements on dog alveolar 
bone.

Cyclical force device effect on tooth movement 
11Pavlin D et al  conducted a parallel, double-

blind, prospective, randomized, controlled trial 
with the objective to assess the effect of a defined 
low-level cyclic loading on the rate of 
orthodontic tooth movement. Cyclic loading was 
applied to the vibration group for 20 min/day 
which delivered a force of 0.25 N (25 g) at a 
frequency of 30 Hz. The control group was 
assigned to the same protocol, but the device 
could not be activated to vibrate. These results 
showed increased rate of tooth movement in the 
experimental group (1.16 mm/month, 95% CI: 
0.86–1.46) as compared to the control group 
(0.79 mm/month , 95% CI: 0.49–1.09).

However, a master thesis submitted by 
 12Chouinard   showed in a randomised controlled 

trial that application of vibration during 

orthodontic treatment did not show a statistically 
significant difference in the rate of tooth 
movement, the level of pain experienced by the 
patient as well as the oral quality of life 
assessment compared to the fixed appliances 
only group. The salivary expression of IL-1 and 
IL-8 also failed to show any differences between 
both groups at any time points. But due to the 
lack of a sufficient sample size this study does 
not conclusively prove that cyclic vibrations are 
ineffective. 

 13 Leethanakul C investigated the effects of 
application of vibratory stimuli on interleukin 
(IL)–1β secretion during maxillary canine 
distalization. The study showed that overall, 
enhanced IL-1β secretion was observed at the 
pressure sites of experimental canines compared 
to control canines (mean, 0.64 ± 0.33 pg/µL vs 
0.10 ± 0.11 pg/µL, respectively, P < .001). This 
study demonstrates that, in combination with 
light orthodontic force, application of vibratory 
stimuli using an electric toothbrush enhanced the 
secretion of IL-1β in GCF and accelerated 
orthodontic tooth movement.

Direct electric current effect on tooth movement
Another approach is to use direct electric 
current. This technique was tested only on 
animals by applying direct current to the anode at 
the pressure sites and cathode at the tension sites 
(by 7 V), thus, generating local responses and 
acceleration of bone remodeling as shown by 

14
group of investigators.  Their studies were more 
successful than the previous attempts because 
electrodes were placed as close as possible to the 
moving tooth. The bulkiness of the devices and 
the source of electricity made it difficult to be 
tested clinically. 

Photobiomodulation
Photobiomodulation shows promise in 
producing a noninvasive stimulation of the 
dentoalveolar complex with a potential impact 
on ATP production by mitochondrial cells. The 
assumption is that an increase in ATP at a 
localized site will induce cells to undergo a 
remodeling process due to an elevated metabolic 
activity. Cytochrome oxidase C mediates ATP 
production.

15Kau CH et al  conducted a multicenter clinical 
trial on 90 subjects, Little's Index of Irregularity 
(LII) was used as a measure of the rate of change 
of tooth movement. Test subjects used a device 
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which produced near-infrared light with a 
continuous 850-nm wavelength. The results 
showed that the mean rate of change in LII was 
0.49 and 1.12 mm/week for the control and test 
groups, respectively.

16
Shaughnessy T et al  conducted another study in 
which the test group received daily PBM 
treatment with an intraoral LED device, while the 
control group received only orthodontic 
treatment. The PBM device provided a 
continuous 850-nm wavelength, generating an 

2
average daily energy density of 9.5 J/cm .  The 
results shows the mean alignment rate for the 
PBM group was significantly higher than that of 
the control group.

Laser therapy (LT)
Laser has a biostimulatory effect on bone 
regeneration, which has been shown in the 

17midpalatal suture during rapid palatal expansion  
and also stimulates bone regeneration after bone 

18
fractures and extraction site.  It has been found 
that laser light stimulates the proliferation of 
osteoclast, osteoblast, and fibroblasts, and 
thereby affects bone remodeling and accelerates 
tooth movement. The mechanism involved in the 
acceleration of tooth movement is by the 
production of ATP and activation of cytochrome 
C.Low-energy laser irradiation enhanced the 
velocity of tooth movement via RANK/RANKL 
and the macrophage colony-stimulating factor 

19
and its receptor expression.

Multiple systematic reviews and meta analysis 
show that there is very little evidence that laser 
therapy helps in accelerating tooth movement 
during orthodontic treatment. Because of this 
disparity in results more clinical trials are 
required to assess the effectivess of low level 
lasers to hasten orthodontic tooth movement.

 

20,21,22,23

Surgical approach
Surgical approach has been documented in many 
case reports. It is a clinically effective technique 
used for adult patients, where duration of 
orthodontic treatment may be critical in selected 
groups of patients. The PDL and alveolar bone 
remodelling are the important parameters in tooth  
movement. The idea of surgical acceleration 
came into being after the introduction of regional 
acceleratory phenomena (RAP) by Frost in 1983. 
RAP is a local response to noxious stimulus, by 
which tissue forms faster than the normal 

regional regeneration process. This phenomenon 
causes healing to occur 2–10 times faster by 

24enhancing the various healing stages.

Several surgical approaches that have been tried 
in order to accelerate tooth movement were 
interseptal alveolar surgery, osteotomy, 
corticotomy, and Piezocision technique (Table 
2).

Table 2
Surgical approaches to enhance tooth movement

 

 

 

Interseptal alveolar surgery
In the rapid canine distraction of PDL, the 
interseptal bone distal to the canine is 
undermined surgically at the same time of 
extraction of the first premolars, thus this will 
reduce the resistance on the pressure site. In this 
concept the compact bone is replaced by the 
woven bone, and tooth movement is easier and 

25
quicker due to reduced resistance of the bone.  It 
was found that these rapid movements occur 
during the initial phases of tooth movement 

35
especially in the first week.
 

In this technique the interseptal bone is 
undermined 1 to 1.5 mm in thickness distal to the 
canine after the extraction of the first premolar, 
and the socket is deepened by a round bur to the 
length of the canine. The retraction of the canine 
is done by the activation of an intraoral device 
directly after the surgery. It took 3 weeks to 
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achieve 6 to 7 mm of full retraction of the canine 
25to the socket of the extracted first premolars.

Rapid canine distraction of the dentoalveolar 
bone is done by the same principle of the 
distraction of PDL, with the addition of more 
dissection and osteotomies performed at the 

26,27,28,29,32vestibule as shown in .

In all the studies done, both techniques 
accelerated tooth movement with no evidence of 
significant root resorption, ankylosis, and root 
fracture. However, there were contradictory 
results regarding of the electrical vitality test of 

25the retracted canines. Liou  reported 9 out of 26 
26

teeth showed positive vitality, while Sukurica  
reported that 7 out of 20 showed positive vitality 
after the sixth month of retraction. So there are 
still some uncertainties regarding this technique.

Corticotomy and accelerated osteogenic 
orthodontics (AOO)
Osteotomy and corticotomy are also surgical 
techniques that have been clinically used for 
many years. Osteotomy is when a segment of the 
bone is cut into the medullary bone and is 

36separated and then moved as a unit.

Corticotomy is one of the surgical procedures 
that is commonly used in which only the cortical 
bone is cut and perforated but not the medullary 
bone, suggesting that this will reduce the 
resistance of the cortical bone and accelerate 
tooth movements. It was first tried in 

37
orthodontics by Kole ,  where tooth movements 
were achieved between 6 and 12 months. 

30
In 2001 Wilcko  reported that the acceleration of 
tooth movement is not due to the bony block 

37movement as postulated by Kole,  it was rather a 
process of bone remodeling at the surgical site, 
which was called regional acceleratory 
phenomenon (RAP). He developed patent 
techniques which were called accelerated 
osteogenic orthodontics (AOO) and periodontal 
accelerated osteogenic orthodontics. Also, 
modification of RAP was done by adding 
bioabsorbable grafting material over the injured 

38bone to enhance healing. Patterson BM et al  did 
a systematic review and found that there was a 
statistically meaningful increase in the rate of 
tooth movement compared with controls for all 
corticotomy techniques assessed. Some studies 
reported that acceleration in tooth movement 

was only temporary which lasted a few months. 

Corticotomy procedures can produce statistically 
and clinically meaningful temporary increases in 
the rate of orthodontic tooth movement with 
minimal side-effects.

Piezocision technique
One of the latest techniques in accelerating tooth 

32movement is the piezocision technique. Dibart  
was among the first to apply the piezocision 
technique which starts with primary incision 
placed on the buccal gingiva followed by 
incisions by piezo surgical knife to the buccal 

34
cortex. Aksakalli S did a three-dimensional 
analysis of the models revealed significant 
differences in tooth movement (lesser anchorage 
loss and greater canine distalization) between the 
experimental and control groups. Furthermore, 
the distalization time was shortened in the 
experimental group. There were no differences in 
the transversal changes, pre- and postdistalization 
gingival indices, or mobility scores between 
groups.Piezocision is a promising tooth 
acceleration technique because of its various 
advantages on the periodontal, aesthetic, and 
orthodontic aspects.

Clinical application for the future
The administration of exogenous biological 
molecules to accelerate tooth movement during 
orthodontic treatments in clinical trials on 
humans are limited since they must be 
administered occasionally by local injections that 
can be painful and cause discomfort to the 
patients. Additionally their side effect were not 
tested for long periods of time. Administration of 
certain molecules has shown promising results, 
for example, cytokine, PTH, vitamin D, and 
RANKL/RANK/OPG system play an important 
role in bone remodeling and tooth movement. 
Human relaxin does not accelerate tooth 
movement in rats, but increases tooth mobility by 
decreasing the organization and mechanical 
strength of the PDL. However, a lot of these 
mechanisms are not fully understood and the 
dose-dependent mechanisms should also be 

24\further investigated.

In the physical approach, the low level laser 
therapy is the most promising method, however, 
contradictory results were shown. This is due to 
the different energies, duration, and experimental 
design. Furthermore, duration for most of these 
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experiments were only few weeks, which is a 
very short time to notice any side effects.The 
surgical approach is the most clinically used and 
most tested with known predictions and stable 
results. However, it is invasive, aggressive, and 
costly, and patients are not open to the ideas 
involving surgery unless it is the only option that 
is needed to have a good occlusion. Piezocision 
technique is one of the newest techniques in 
accelerating tooth movement, and it has good 
clinical outcome and is considered the least 

24
invasive in the surgical approach.

Conclusion based on the current evidence 
The latest systematic reviews and meta analyes 
38,39,40,41,42,43 showed that in the short term, 
corticotomy can accelerate orthodontic tooth 
movement whereas long-term effects are 
questionable, thus no firm conclusions can be 
made on its efficacy and benefit of clinical use. 
There is some evidence that laser therapy and 
photobiomodulation can slightly accelerate 
orthodontic tooth movement but this result is not 
significant and the effect estimated is not 
clinically relevant. There is limited available 
evidence about the effectiveness of minimally 
invasive surgically accelerated orthodontics 
(MISAO)- corticision, piezocision, micro-
osteoperforations, laser-assisted flapless 
corticotomy, interspetal bone reduction.
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Introduction 
The replacement of a single tooth lost due to 
dental caries or trauma is a challenge for the 
clinician. Several restorative options have been 
proposed in such clinical situations: implants, 
fixed metalceramic or ceramic prostheses and 
res in  bonded  f ixed  par t ia l  den tures  
(FPDs).However, economic factors, occlusal 
disturbances, lack of adequate bone support or 
excessive removal of healthy dental structure are 
some of the limiting factors in the indication of 

.1
some restorative alternatives

AN OVERVIEW OF FIBER REINFORCED FIXED 
PARTIAL DENTURES

59 KLES Dental Journal  * Vol-6 * 2017 

The evolution of adhesive dentistry has 
significantly modified the concepts of traditional 
dentistry toward the minimal intervention 
approach. One of them is introduction of fiber 
reinforced composite FPDs. Fiber reinforced 
composite consist of fiber material held together 
by a resinous matrix.

The advantages are minimal preparation of 
adjacent teeth, so the biological costs are low. In 
fact, it makes more sense to conserve as much as 
possible that part of the tooth which displays the 
best bonding surface in the oral cavity, that is, the 
enamel of the tooth. Additionally, as this 
technique is reversible it allows other restorative 
options to be evaluated at a later time. These 
restorations offer a viable alternative to more 

2
expensive fixed or removable prostheses

It can be used to make chair side crowns, chair 
side tooth replacements, appliances such as 
periodontal splints and anterior or posterior fixed 
prosthesis. FRC substructure materials retain a 
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sticky, oxygen-inhibited surface layer that allows 
for direct chemical bonding with a veneer 
composite.

3Vallitu and Sevelius  observed high survival rate 
(93%)after 24 months using resin-bonded fiber 
reinforcedFDPs. After 37 months, 95% retention 
rate was found in FDPs performed with a high-

4 volume fibers framework.

The current paper presentation is a review on 
evolution of various fiber reinforced composite 
materials and their various properties.

Composition
Fiber reinforced composites (FRC's) consist of 
two distinct constituents. The reinforcing 
component provides strength & stiffness, while 
the surrounding matr ix supports  the 
reinforcement & workability. The types of fibers 
used are glass, polyethylene or carbon fibers. The 
fiber diameters are 7 to 10 µm in diameter. The 
fibers are either arranged unidirectional or 
bidirectional. Glass fibers of various kinds are 
commonly used in dental laboratory products 
whereas polyethylene are often used for chair-
side application.  

Properties
Fibers in fiber reinforced composites are 
heterogenous and anisotropic. Their properties 
depend strongly on the direction in which they 
are tested relative to their fiber orientation. The 
properties are highest in direction parallel to the 
fibers and lowest in direction perpendicular to 
the fibers. For example, in the pontic regions of 
fixed prostheses, the bulk of the fibers is placed 
in the mesiodistal direction, with fewer 
additional fibers placed at the other orientation.

Modulus of Elasticity
A high modulus of elasticity is necessary for fiber 
reinforced FPD frameworks, especially in the 
pontic region, because the fiber composite resists 
bending and supports the more brittle particulate 
composite-veneer. 

Typical pre-impregnated unidirectional fibers 
composites incorporating approx. 45% glass 
fibers have a modulus in the range of 28 to 24 
GPa and flexural strengths of about 600 to 1,000 
Mpa. These values are about 10 times greater 
than those for dental resin alone and it is 
considered as an advantage. 

Flexural strength
Many investigators emphasize the importance of 

5 
fatigue and fracture toughness in predicting 
clinical performance of several classes of dental 

6 7
materials including fiber composites . The 
combination of a high percentage of glass fibers 
and unidirectional architecture provides a 
relatively high modulus and strengths to fiber 
reinforced composite framework while 
maintaining translucency.

8
Based on previous studies , flexural strength of 
fiber reinforced composite was improved by 
increasing the quality of fibers.

Typical flexure strength values for commercial 
laboratory processed fiber reinforced 
composites range from approximately 300 to 
1,000 MPa, depending upon specimen 

7,9
preparation and geometry

10
Behr et al. , who found that not so much the fiber 
content, but the matrix composition and the bond 
between fibers and matrix determine flexural 
strength of fiber-reinforced composite beams.

Fracture resistance is more dependent on the 
fiber geometry, on the mechanical properties of 
the veneering and fiber materials and on their 
mutual adhesion.

The fracture strength of glass fiber reinforced 
composite(GFRC) was proved to be slightly 
better than polyethylene fiber reinforced 
composite(PFRC) systems. This might be 
explained with the reason that unidirectional 
orientation of fibers in (Cheng, Ladize sky, 1992, 
1993; Freilich et al.,1997)compared with woven 

11
polyethylene band in PFRC.

Adhesion with resin cement is advised for 
12

achieving better flexural strength.

Marginal adaptation
The marginal adaptation at the cement-dentine 
interface of glass fiber reinforced composite 
(GFRC) was proved to be slightly better than 
polyethylene fiber reinforced composite 
(PFRC). This corresponds to the fracture test and 
it can be assumed that cemental junction is 
strained more in PFRC-FPDs because of the 

13
higher flexibility of woven fibers.

Cementation with resin cement results in least 
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12
marginal descriptancy.

Structural optimization 
As shown in Fig.1, the spoon shaped structurally 
optimized design suggested by the author in 3-
unit FRC FPD shows 30% reduction of 
maximum principal stress and 30% reduction of 
volume substructure. The percentage of failure 
rate of optimized FRC FRDs was proved to be 
l e s s ( 2 8 . 5 % )  t h a n  t h e  c o n v e n t i o n a l  
design(100%). Even 2-unit cantilever FRC FPDs 
in Fig. 2, have many advantages i.e., less tooth 
tissue removal, easier to clean and are less 

19
expensive.

  

  

Fig. 1. explains the   
Micro-CT: Conventional Design(on left) and 

Optimized Design(on right)

(Pic courtesy: Chen Y, Fok A. Structural 
optimization of fiber-reinforced composite 
dental bridges,Engineering Conferences 
International ECI Digital Archives, Fall 11-9-
2015)

Fig. 2 explains Two unit cantilever 
FRC FPD resulting in less tooth removal

(Pic courtesy: Chen Y, Fok A. Structural 
optimization of fiber-reinforced composite 
dental bridges,Engineering Conferences 
International ECI Digital Archives, Fall 11-9-
2015)

Repair of FRC-FPD's 
Fracture of composite is often seen in these type 
of prostheses. They can be repaired by use of 
Intermediate Monomer Resin(IMR) containing 
either BisGMA-HEMA or BisGMA-TEGDMA 
monomers. They improve the shear bond 
strength between the FRC with multi-phase 
polymermatrix and new particulate filler 
compositeresin.

Clinical Failures
Most of the clinical failures were the result of 
debonding of the retainers from the tooth 

14
surface. These problems were resolved by 
switching to a bisphenol glycidylmethacrylate 
based resin as the matrix for the FRCs.

Fiber reinforced composite FPDs were evaluated 
by colo rmatch along with marginal 
discoloration, secondary caries, surface texture, 
marginal adaptation, fracture, and postoperative 
sensitivity. FRC-FPDs reinforced with both 
parallel and woven fibers showed less(5%) 
failure rate compared to that of FRC-FPDs 

15
reinforced only with parallel fibers(16%).

Recent Advances
E-glass fiber (“E” stands for electric) is a recent 
advancement in FRC. E-glass fiber is made of 
aluminoborosilicate glass with <1 wt% alkali 
oxides. Recent studies by Zhang and 

16
Matinlinna  in 2011 have proved that E-fibers 
are able to maintain strength properties over a 
wide range of conditions, relatively insensitive to 

17
moisture and chemical resistant.

Restorations made from short glass fiber 
containing composite resin with interpenetrating 
polymer network(22.5 wt% with silane treated 
silica fillers of 55 wt%) polymer matrix showed 
better load bearing capacity than in those made 
with conventional composites resin and similar 

18
with those reinforced with FRC-substructure.

Conclusion
Rather than limiting discussion to whether FRC 
prostheses will replace metal-ceramic or full-
ceramic prostheses, attention should be focused 
on the additional treatment options brought by 
the use of fibers.While it is advisable to make use 
o f  conse rva t ive  t echno logy  in  FPD 
prosthodontics, we should also keep in mind the 
durability of such prostheses. Long term studies 
are required to be conducted before definitive 
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conclusions are made on fiber reinforced FPDs 
and based on the clinical results further 
technological advancements in the material is 
needed to be done. 
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Introduction 
Posterior crossbite is defined as an inadequate 
transversel relationship of maxillary and 
mandibular teeth, i.e., the buccal cusps of the 
maxillary teeth are in contact with the central 

1,2fossae of the mandibular teeth. They present 
either bilaterally or unilaterally, of which the 
latter is more challenging due to taxing on the 
anchor units and side effects are seen on the side 
of normal occlusion. Appliances such as Quad 
Helix, Transpalatal Arch, RME and other 
expansion devices provide excellent results but 

1-3. have side effect on the anchor units. Currently, 
implants are being routinely used as anchor units 
to prevent unwanted side effects on the 

4dentition.

An Innovative Implant Supported TPA
A 24 year old male presented with unilateral 
crossbite on the left buccal segment and mesio 
palatal rotation in relation to 26(Fig 1).The right 
side was in good Class I occlusion.

An innovative implant supported transpalatal 
arch (TPA) was fabricated to correct the 
unilateral crossbite.

A lingual sheath was welded to a stainless steel 
metal sheet of 10 x 5mm. A 1.5mm hole was 
drilled above the lingual sheath. The implant 
(1.5mm x 6mm) was inserted through the hole 
and placed between 15 and 16 palatally, 6mm 
above the gingival margin (Fig 2- 3). A TPA of 
036” stainless steel wire was inserted in the 
implant supported lingual sheath and the lingual 
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AN INNOVATIVE IMPLANT SUPPORTED TPA FOR 
UNILATERAL CROSSBITE CORRECTION

sheath of 26(Fig 4). The TPA was activated for 
derotation and later for crossbite correction. The 
patient was recalled every four weeks for 
reactivation and follow-up.
The patient did not complain of discomfort during 
the cross bite correction. The right side molar did 
not have unwanted expansion since the reciprocal 
load was on the implant (Fig 5 and 6).Cross bite 
was corrected in eight weeks and it was further 
activated for over correction. Hence the implant 
supported TPA is efficient and effective in 
correction of uni lateral crossbite.

Fig 1

Fig 2

Fig 3
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Fig 4

Fig 5

Fig 6
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