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Success of Complete Denture Treatment,
Detailed Investigation of Construction Protocols,
Occlusal Schemes and Evaluation Questionnaires
SUMMARY

Background/Aim: The successful outcome of conventional complete
denture treatment can be defined with the use of both subjective and
objective criteria. Denture satisfaction determinants may include denture
quality, oral tissue condition, patient-dentist relationship, patient’s
attitude toward dentures, patient’s personality and socioeconomic factors.
Purpose: The aim of the current review was to identify and analyze the
different construction protocols and occlusal schemes that contribute to the
success of complete denture rehabilitation through the use of evaluation
questionnaires. Material and Methods: A comprehensive literature search
was performed through electronic databases (MEDLINE via PubMed)
using the appropriate key words (complete denture construction, complete
denture fabrication, complete denture occlusion and complete denture
occlusal scheme). The related to the subject scientific papers were selected
and evaluated for eligibility utilizing a predefined review process (English,
full text articles, published from January 2000 up to April 2017). Results:
None of the analyzed studies identified significant differences between
dentures constructed with simplified, CAD/CAM and traditional protocols
in terms of general satisfaction and Oral Health Related Quality of Life
scales. The same condition applied to the studies which compared complete
dentures with bilateral balanced, lingualized, monoplane and canine guided
occlusion. Conclusions: Current scientific evidence suggested that patients
could adapt comfortably to any type of bilateral balanced occlusal scheme
and to complete dentures been fabricated with all types of complete denture
construction protocol. Disease-specific questionnaires could be considered
valuable tools and should be used to assess the outcome of any treatment
modality.
Key words: Complete Denture, Construction Protocol, CAD/CAM, Occlusal Scheme,
Lingualized Occlusion, Satisfaction, Questionnaires, Ohrqol

Introduction
Conventional complete denture (CD) rehabilitation
has been established as a valuable treatment modality
despite major advancements in implant dentistry1.
Biomechanical complications2, surgical procedures’
risk3 and overall cost of prosthetic components and
procedures4,5 have been advocated as the main reasons
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for patients not selecting the implant-assisted removable
prostheses as their treatment of choice.
The laboratory fabrication procedures of a CD
have remained largely unchanged since the introduction
of poly-methyl-methacrylate (PMMA) by Hill in 19316.
The standardized denture construction protocols could
be divided into two main categories: a) conventional
construction, which included the traditional, the simplified
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and the CAD/CAM protocols and b) duplication
construction protocols.
Most undergraduate academic curricula in the United
Kingdom and in the United States have adopted the
traditional construction protocol as their teaching method
for conventional CDs7,8. The simplified construction
protocol, although it could be considered less laborintensive and time-consuming than the traditional
protocol, has been granted limited application by the
dental schools9. The main difference of a simplified
protocol compared to a traditional protocol has been
established as the one step impression technique versus
the two-step one10. Several randomized controlled
trials11–17 have been published which compared
the subjective and objective outcomes of these two
construction protocols and no definitive result could been
drawn as to their effectiveness.
Recently, the concept of computer-aided design and
computer-aided manufacturing (CAD-CAM) has been
introduced as an alternative CD construction protocol18.
Computer-engineered complete dentures (CECD) could
be either digitally designed or digitally fabricated, with
both additive methods (rapid prototyping-printing) and
subtractive methods (CNC milling)19. Due to the fact that
CAD-CAM construction protocols have not been widely
used, only a few published clinical studies20,21 could be
utilized for assessing this new technique.
The second main group for the standardized CD
construction protocol comprised the duplication of the
existing dentures with various techniques7. The main
advantage of replicated dentures could be considered
the more comfortable adaptation of elderly patients
to their new prostheses22. The inherent difficulties of
randomization in a study design between traditional
and duplication construction protocols led to only nonrandomized clinical studies23–25 been published to the
literature up to date.
It has been established that the crucial difference
between a CD and a natural dentition was that dentures
act as one unit and transfer the energy being applied to the
whole denture base, while the natural teeth act as single
units26. That fact led the dental profession to adopt the
dogma of bilateral balanced occlusion for CDs in order
to minimize lateral forces been applied to the residual
ridge27. It has also been speculated that non-balanced
monoplane occlusion exhibited lower masticatory
efficiency and led to poorer patient satisfaction28. Various
concepts of balanced occlusion (i.e. lingualized) and
non-balanced occlusion (i.e. canine-guided) have been
investigated through numerous randomized clinical
trials29–42.
Psychometric questionnaires have been developed
to register patients’ feedback for the evaluation of their
denture treatment. The term Oral Health-Related Quality
of Life (OHRQoL) was proposed by Gift and Redford43
to record the impact of patients’ oral disease to everyday
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social activities. The Oral Health Impact Profile-20
(OHIP-20) was developed to measure the impact of
complete dentures to the OHRQoL of edentulous
patients44. Additionally, in order to record the patients’
self-perceived satisfaction, Awad and Feine45 proposed the
McGill denture satisfaction instrument. The validity and
reliability of questionnaires related to complete denture
assessments have been well established in several clinical
studies46-49.
The aim of the current review was to summarize the
results of all clinical studies addressing the subjects of
complete denture construction and their occlusal schemes.
The subject of the evaluation questionnaires was also
critically analyzed, but in an indirect approach, through
the results of the reviewed papers.

Material and Methods
An electronic database (MEDLINE/Pubmed) search
was performed to retrieve relevant articles, dated from
January 2000 until April 2017. It involved full-text papers,
published in English with the following search terms:
“complete denture construction”, “complete denture
fabrication”, “complete denture occlusion” and “complete
denture occlusal scheme”. Boolean operators (or, and)
were used to combine searches. Additionally, a manual
search was performed to the following dental journals:
Journal of Prosthodontics, Journal of Prosthetic Dentistry,
the International Journal of Prosthodontics, and the
Journal of Oral rehabilitation.
The inclusion criteria, apart from full text articles
written in English, were human clinical studies with or
without a randomization process. The exclusion criteria
were studies with implant-assisted or teeth-supported
overdentures, in vitro studies, case reports and review
papers. The reports were analyzed by two separate
reviewers to check the papers’ relevancy to the study
subject. In cases of disagreement, a third reviewer was
consulted to achieve consensus. The reviewers were
not blinded as to the authors’ names or the journal of
publication.

Results
Two separate searches were performed. The first
identified 331 articles related to the subject of denture
construction protocols, out of which only 12 studies
(Table 1) met the inclusion criteria. The second search
related to the subject of denture occlusion, identified a
total of 449 articles, with only 14 studies (Table 2) been
selected for final analysis.
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Table 1. Summary of studies assessing complete dentures’ construction protocols.
Study
(year)
Nunez et al17 (2015)
Vecchia et al16
(2014)
Regis et al14
(2013)
Cunha et al15
(2013)

Study design
RCT
RCT
RCT
RCT

Sample size Construction
(n)
protocols
Simplified vs
50
Traditional
Simplified vs
39
Traditional
Simplified vs
39
Traditional
39

Simplified vs
Traditional

Variables
(instruments)
OHIP-EDENT,
satisfaction
Total cost, fabrication
time, # of adjustments
OHIP-EDENT,
satisfaction, FAD
Masticatory
performance and
ability
Total cost, fabrication
time,

Follow-up
(months)
Baseline,
1 m, 6 m
Baseline,
3 m, 6 m
Baseline,
3 m, 6 m
Baseline,
3 m, 6 m

Patients’ preference
No difference
Not applicable clinical
evaluation
No difference
No difference

Kawai et al13
Simplified vs
Baseline,
Not applicable clinical
RCT
122
(2010)
Traditional
3 m, 6 m
evaluation
Heydecke et al12
Simplified vs
RCT-CO
20
Satisfaction
3 m, 6 m
No difference
(2008)
Traditional
Kawai et al11
Simplified vs Satisfaction, denture Baseline,
RCT
122
No difference
(2005)
Traditional
quality
3 m, 6 m
Schwindling et al
CAD/CAM vs
Not applicable clinical
PCS
5
Clinical evaluation
Baseline
(2016)21
Traditional
evaluation
Kattadiyil et al20
CAD/CAM vs Satisfaction, clinical
Baseline,
PCS
15
CAD/CAM
(2015)
Traditional
evaluation
1 week
Kamalakidis et al
Duplication vs OHIP-20, satisf., sore Baseline,
PCS
20
No difference
(2016)25
Traditional
spots, # adj.
3 m, 6 m
24
Ellis et al
Duplication vs
PCS
40
OHIP-20, satisfaction Baseline, 1 m No difference
(2007)
Traditional
23
Scott et al
Duplication vs
PCS
65
OHIP-14, satisfaction Baseline, 3 m No difference
(2006)
Traditional
RCT: randomized clinical trial, CO: cross-over, PCS: prospective clinical study, FAD: functional assessment of dentures, #: number

Construction protocols
The search strategy yielded seven articles (Table 1)
which compared traditional and simplified construction
protocols. However, only four separate randomized
clinical trials11–17 could be identified. The studies
evaluated patients’ self-perceived satisfaction, oral health
related quality of life, masticatory performance and
ability, and finally fabrication time and total costs. All
studies had a follow-up period of six months.
Nunez et al.11 conducted a randomized clinical trial
which compared CDs with traditional and simplified
construction protocols. They utilized the OHIP-EDENT
instrument and a patient satisfaction questionnaire with
a Visual Analogue Scale (VAS) to record the patients’
responses. Follow-up time intervals were set at one and at
six months with equal acceptance rates been registered by
the patients for both construction protocols.
One randomized controlled clinical trial, which
was divided into three separate articles12–14, compared
the simplified protocol for complete denture fabrication
with the traditional protocol. The authors focused into
masticatory performance and ability14; patients’ oral
health–related quality of life, satisfaction, and denture
quality13, and finally, total cost, fabrication time and
number of adjustment appointments12. They concluded
that although patients’ preference was equal for both

fabrication methods, the simplified protocol was cheaper
and demanded less time for denture completion.
Kawai et al.15,16 conducted a randomized clinical
trial, between simplified and traditional protocols,
comprising the largest sample size (n=122) of all reviewed
studies. No difference was detected in patients’ preference
as assessed by overall satisfaction at 3 and 6 months
intervals. Denture quality was determined to be equal for
both fabrication protocols. The authors also concluded
that the simplified construction protocol cost significantly
less and the clinicians spent less chair-time than the
traditional protocol.
Finally, Heydecke et al.17 conducted the only
randomized clinical trial with a crossover study design
between a simplified and a traditional construction
protocol. The participants were instructed to use each
denture design for three months and then rated, using
a visual analogue scale, the following items: general
satisfaction, ability to chew, ability to speak, esthetics,
stability, comfort and ease of cleaning. No significant
differences were detected between the two protocols
regarding general satisfaction.
CAD/CAM dentures have only recently been
introduced. As a result, no randomized control trials could
be identified in the literature. A prospective clinical study
by Schwindling et al.21 comprised five participants and
focused on the clinical evaluation of CDs fabricated with
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a CAD/CAM and a traditional construction protocol. The
patients’ preference was not recorded in this study.
Kattadiyil et al.20 conducted a prospective clinical
study comparing a CAD/CAM denture construction
protocol and a traditional one. They evaluated, after one
week, patients’ satisfaction and the clinical features of
the dentures. The fifteen patients in this study exhibited a
higher preference for CDs fabricated with the CAD/CAM
construction protocol.
Three prospective clinical studies23–25 were identified,
that compared CDs fabricated with a traditional and a
duplication construction protocol. Kamalakidis et al.25
utilized both subjective evaluations (OHIP-20, satisfaction
questionnaire) and objective evaluations (number of
adjustment visits, total number of sore spots), to compare

CDs fabricated with a traditional and a duplication
construction protocol. They concluded, after a follow-up
period of 6 months that the patients preferred their new
prostheses irrespective of the construction protocol.
In a prospective clinical study that also compared
CDs fabricated with a traditional and a duplication
protocol, Ellis et al.24 found no difference in patients’
preference between the two construction protocols
after a follow-up period of one month. Finally, Scott et
al.23 utilized the OHIP-14 instrument and a satisfaction
questionnaire to determine the patients’ preference
after three months. They concluded that CDs fabricated
with the duplication construction and the traditional
construction protocols were equally accepted.

Table 2. Summary of studies assessing complete dentures’ occlusal schemes.
Study
(year)

Study
design

Kawai et al42 (2017)

RCT

60

BBO vs LO

PCS

10

BBO vs LO

RCT-CO

15

BBO vs LO

RCT

30

BBO vs LO

RCT

22

BBO vs LO

RCT-CO

45

BBO vs LO

PCS

28

BBO vs LO

RCT-CO

45

RCT-CO

19

BBO and LO vs
MO
CG vs BBO

RCT-CO

44

CG vs BBO

RCT-CO

24

CG vs BBO

PCS-CO

38

CG vs BBO

RCT-CO

22

CG vs BBO

RCT-CO

20

CG vs LO

RCT-CO

19

CG vs BBO

RCT-CO

44

CG vs BBO

RCT-CO

24

CG vs BBO

PCS-CO

38

CG vs BBO

RCT-CO

22

CG vs BBO

Niwatcharoenchaikul et al40
(2014)
Shirani et al39  (2014)
Deniz et al38
(2013)
Matsumaru37
(2010)
Sutton et al34,35 (2007)
Kimoto et al36
(2006)
Sutton et al34,35
(2007)
Schierz et al33 (2016)
Paleari et al32
(2012)
Neto et al31
(2010)
Rehmann et al30
(2008)
Peroz et al29
(2003)
Heydecke et al41 (2007)
Schierz et al33
(2016)
Paleari et al32
(2012)
Neto et al31
(2010)
Rehmann et al30
(2008)
Peroz et al29
(2003)

Sample Occlusal schemes Variables (instruments)
size (n)

Follow-up
(months)
Baseline,
OHIP-16, satisfaction
3 m, 6 m
Masticatory performance, Baseline,
max. occl. force
2 m,
OHIP-EDENT
1,5 m
Electromyography,
Baseline,
satisfaction
3 m, 6 m
Masticatory performance, Baseline,
max. occl. force
3 m, 6 m
OHIP-20
2m
Satisfaction, masticatory
performance,
2m
# of adjustments

Patients’
preference

OHIP-20

BBO and LO

2m

OHIP-EDENT, OHIP-49 3 m
Satisfaction,
1 m, 2 m
kinesiography
Satisfaction, masticatory 3 m, 6 m
performance
2 weeks,
Satisfaction
1m
Baseline,
Satisfaction, clinical
1 week,
evaluation
1 m,
2 m, 3 m
Satisfaction
3 m, 6 m
OHIP-EDENT, OHIP3m
49
Satisfaction,
1 m, 2 m
kinesiography
Satisfaction, masticatory 3 m, 6 m
performance
2 weeks,
Satisfaction
1m
Baseline,
Satisfaction, clinical
1 week,
evaluation
1 m,
2 m, 3 m

No difference
Not applicable
clinical evaluation
LO
LO
Not applicable
clinical evaluation
No difference
LO

No difference
No difference
No difference
BBO
CG
No difference
No difference
No difference
No difference
BBO
CG

Heydecke et al41
RCT-CO
20
CG vs LO
Satisfaction
3 m, 6 m
No difference
(2007)
RCT: randomized clinical trial, CO: cross-over, PCS: prospective clinical study, BBO: bilateral balanced occlusion, LO: lingualized
occlusion, MO: monoplane occlusion
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Occlusal designs

Discussion

The studies which addressed occlusal designs were
divided into two main groups (Table 2). The first group
compared different designs of balanced occlusal schemes:
bilateral balanced occlusion (BBO), lingualized occlusion
(LO) and monoplane occlusion (MO) and the second
group compared balanced and non-balanced (canineguided occlusion) occlusal designs.
In relation to posterior tooth set-up, the search
identified eight articles34–40,42 which involved seven
studies. All studies compared a bilateral balanced
occlusal design with a lingualized occlusal scheme. Two
studies34,35 included a comparison between bilateral
balanced occlusal schemes (BBO and LO) and a MO. A
double blind randomized clinical trial42 used subjective
evaluation instruments to assess patients’ preference
between a BBO and a LO design and concluded that there
was no difference. The same conclusion was reached in
RCT with a cross-over design, which resulted into two
published papers34,35. The authors used the OHIP-20
instrument to subjectively evaluate patients’ preference
between CDs with a BBO, a LO and a MO scheme. It
must be noted that when a comparison was made between
BBO and LO versus MO, the patients preferred the BBO
and LO designs.
On the contrary, three studies; an RCT with crossover design39, a second RCT38 and a prospective clinical
trial36 concluded that a LO design rated superior in
patients’ preference over a BBO design. Those studies
utilized objective and subjective evaluation criteria
including masticatory performance, with follow-up
periods ranging from six weeks to six months. Further on,
after an objective evaluation in an RCT by Matsumaru37,
it was concluded that a LO was more efficient in terms of
masticatory performance when compared with a BBO.
Regarding canine-guided (CG) occlusal design,
five studies29–33 were identified that compared CG with
BBO and one study41 which compared CG with LO.
Three RCTs31–33 with a cross-over design concluded
that there was no difference in patients’ preference
between the two occlusal designs. They utilized both
subjective and objective assessment criteria over a one
to six month follow-up period. Rehmann et al.30 in a
prospective clinical trial concluded that patients preferred
a BBO to a CG design over two week follow up period.
On the contrary, in a cross-over RCT by Peroz et al.29,
it was concluded that dentures with a CG occlusal
design were more satisfying to the patients over a BBO.
Finally, Heydecke et al.41 conducted the only study
that compared a CG occlusion to a LO. They utilized
subjective evaluation criteria in the form of a satisfaction
questionnaire, over a three to six evaluation period. The
results indicated that there was no difference in patients’
preference between the two occlusal designs.

The main focus of the authors for the current
review was to assess the CDs construction protocols and
occlusal designs from the patients’ perspective. It has
been established that the patients’ subjective evaluation
criteria were different than the objective criteria used by
the dental professionals.45 In order to achieve the highest
level of evidence, only randomized clinical trials and
well designed clinical studies were included. Statistical
analysis and comparisons between the studies was not
possible due to the limited number and heterogeneity of
the included studies.
Regarding CDs construction protocols, it has been
speculated that the simplification of the clinical and
laboratory stages would not have a significantly negative
effect on the overall denture quality7. Based on the four
available studies11–17, that assumption could be granted
a secure basis, since all of them revealed no difference
in the general patients’ preference between dentures
constructed either with a simplified or a traditional
protocol. It must be noted that in the study by Heydecke
et al.17, although the general satisfaction item scores
favored the simplified protocol (p=.044), five out of eight
items were in favor of the traditional protocol. When the
simplified and the traditional construction protocols were
assessed on the basis of total costs and fabrication time,
two studies12,16 concluded that CDs fabricated with a
simplified protocol cost between 23% and 33.6% less and
that the required fabrication time was 4 visits compared to
5-6 visits of the traditional construction protocols.
The subject of CAD/CAM fabricated CDs has
compiled limited number of studies which focused on the
clinical outcomes of the construction process. Two nonrandomized clinical studies20,21 compared CAD/CAM
dentures to CDs fabricated with a traditional protocol.
Only Kattadiyil et al.20 subjectively evaluated the patients’
preferences with a five point Likert scale and reported
an 80% satisfaction preference for the CAD/CAM
prostheses with a LO scheme. Additionally, one of the
main advantages of the CAD/CAM dentures that of the
reduced number of appointments, was still debated since
Kattadiyil et al.20 reported the need for two visits until the
denture delivery, while Schwindling et al.21 reported that
they needed a mean number of 5.4 visits.
Duplication of existing complete dentures, as
part of a replacement denture construction protocol,
has been an alternative denture fabrication technique.
Three prospective clinical studies23–25 compared CDs
constructed with a duplication protocol to CDs with
a traditional construction protocol. No significant
differences could be detected in all studies regarding
patients’ preference, a fact that could be attributed to
the strict adherence to each construction protocol since
all of the studies were set at an academic environment.
Kamalakidis et al25 also recorded the total number of
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sore spots, which were almost half for the duplication
construction protocol. This finding could suggest that a
duplication construction protocol might provide a better
solution for geriatric patients with poor neuromuscular
control and severe bone resorption, who require a more
comfortable adaptation with fewer sore spots.
Complete denture balanced occlusion could be
provided by means of BBO and LO. The authors
identified five randomized clinical trials34,35,37–39,42 and
two prospective clinical studies36,40 that compared those
two occlusal designs. Those studies used subjective and
objecting criteria to determine patients’ preference and
they concluded that there were no significant differences
between the two occlusal schemes. Additionally, in three
studies36,38,39 it was concluded that LO was preferred
by the patients over BBO in terms of masticatory ability
and performance. This finding was positively correlated
with the height of the residual ridge, strengthening the
belief that patients with severe residual ridge resorption
might benefit from the occlusal design of LO. Further
on, when CDs with monoplane occlusion were compared
with bilateral balanced and lingualized occlusal schemes,
the patients strongly preferred the latter on the basis of
esthetics and food comminution34,35.
One of the dogmas in removable prosthodontics
has been the concept of bilateral balance occlusion. It
has always been a subject of debate as to whether we
need to provide our patients with simultaneous posterior
contacts in centric and eccentric movements, while at
the same time they try to balance the food bolus during
masticatory movements. Contemporary views on the topic
of complete denture occlusion have led to the introduction
of non-balanced occlusal schemes as an alternative to
balanced occlusal designs. The current review identified
four RCTs29,31–33 with a cross-over design that compared
BBO versus CG. Only one of those studies, by Peroz et
al.29, established that CG was preferred by the patients
with relation to esthetics, mandibular retention and
chewing ability. It must be pointed out that the topic of
CG for complete dentures needs further investigation and
has to be correlated with the anatomy of the mandibular
residual ridge of individual patients in order to reach
safe recommendation guidelines for future clinical
applications.

Conclusions
Within the limitations of this review the following
conclusions could be drawn: (a) Patients adapt to all
construction methods when strict adherence to the
protocol is observed. The simplified construction
protocols may offer reduced costs and fabrication periods,
(b) Patients adapt comfortably to any design of bilateral
balance occlusal scheme. Lingualized occlusion provides
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better stability and masticatory performance in patients
with severely resorbed residual ridges, (c) Diseasespecific questionnaires should be used to assess the
outcome of any treatment modality.
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Separated Instrument in Endodontics:
Frequency, Treatment and Prognosis
SUMMARY

Instrument separation during endodontic therapy is a frequent
accident with rotary instruments being more likely to separate than manual
ones. The treatment of cases with a separated instrument can be either
conservative or surgical. A conservative approach involves the following
treatment choices: a) bypass of the fragment, b) removal of the fragment, c)
instrumentation and obturation coronally to the fragment. Concerning the
removal of a separated instrument, a variety of techniques and systems have
been developed. Ultrasonics, in combination with the operative microscope
constitute the most effective and reliable tools for removing a separated
endodontic instrument from a root canal. The likelihood of successful
removal depends on: the level of separation (coronal, middle or apical
third); location in relation to the root canal curvature; the type of separated
instrument; its length; the degree of canal curvature and the tooth type.
Several complications may occur during the management of a separated
instrument: separation of the ultrasonic tip or file used for bypassing or
removing the instrument; further separation of the fragment; perforation;
ledge; extrusion of the file into periapical tissues; tooth weakening due to
dentin removal, as well as excessive temperature rise in periodontal tissues.
Prognosis for a tooth retaining a separated instrument depends on the
presence of a periapical lesion, the microbial load of the root canal during
the time of separation and the quality of the obturation.
Key words: Broken Endodontic Instrument, Fractured Endodontic Instrument, Separated
Endodontic Instrument, Treatment of Instrument Separation, Prognosis of Tooth with
Retained Instrument

Introduction
Instrument separation may occur during the use
of several endodontic instruments (hand or rotary files,
Gates Glidden burs, lentulo, pluggers, spreaders) made
of different materials (NiTi, stainless steel). The mishap
of instrument separation, is a frustrating situation for the
clinician as it may prevent access to the apex and most
of the time, impedes full length instrumentation and
obturation of the root canal. As a consequence, the level
of difficulty of the certain case augments, while the tooth
healing is challenged. The aim of this review is to discuss
approaches to, and techniques and methods of, treating
endodontic cases with separated instruments, the possible
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complications and the prognosis for teeth containing file
fragments.

Frequency of endodontic instrument separation

According to clinical studies, the overall endodontic
instrument separation frequency (either rotary or hand
files) is between 1.83% and 8.2%1-3. The frequency
of rotary instrument separation ranges between 0,13%
and 10%2,4-15 and includes several kinds and types of
instruments. The manual instrument separation frequency
is 0.25% to 6%2,10,16-18.
The highest frequency of instrument separation
is presented during the treatment of molars (77% 89% of all cases)3,14,18-20. A greater risk of separation
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occurs during treatment of lower molars (50% - 55%),
compared to upper molars (25% - 33.3%)1,2. Regarding
upper molars, the separation of endodontic instruments
is three times more liable to occur in the mesio-buccal
root canals than the disto-buccal ones, due to the distal
curvature of the mesial root1-3. As far as the lower molars
are concerned, the mesial root canals present a distal and a
buccolingual curvature21. In fact, the lingual curvature of
the mesio-buccal root canal is more severe than the buccal
curvature of the mesio-lingual root canal. As a result, the
frequency of instrument separation in the mesio-buccal
root canals is three times more common than in the mesiolingual ones2.
With respect to the root canal curvature, separation
frequency rises proportionally to increased curvature:
7% in straight root canals, 35% in averagedly curved
ones, and 58% in intensely curved ones1,19. Regarding
the location of the separated fragment, a higher rate of
separation is observed in the apical third (41% - 82.7%)13,14,18,19, a lower one in the mesial third (14.8% - 32%)13,19, and an even lower one in the coronal third (2.5% 20%)1-3,19. The most common separation site is 2mm
from the tip of the instrument. The most common sizes of
instruments undergoing separation are No 20-40 (ISO). As
to taper, separation most commonly happens in files with
a taper between 4% and 9%14,19.
Madarati et al.22 conducted a study during which
the frequency of separation of instruments was examined
in both general and endodontic dental practices. Overall,
88.8% of dentists and endodontists have reported instrument
separation. Instrument separation was more common among
endodontists. This finding is explained by the fact that
endodontists carry out more root canal treatments, they treat
more difficult cases, and they use rotary instruments to a
greater extent than general dentists do22.

Techniques and methods of endodontic treatment in
cases with a separated instrument

No officially approved instructions regarding
the treatment of instrument separation have been
promulgated to date. An immediate periapical radiograph
is recommended so as to confirm the separation of the
instrument, locate the instrument in the root canal, evaluate
the anatomy of the root canal and measure the length of the
fragment23,24. When all the above factors have been taken
into account, a decision has to be made about the type of
treatment to rectify the situation23,24. The management of a
separated instrument can be conservative and/or surgical.
There are three approaches to conservative treatment:
a) bypass of the separated instrument, b) removal of the
separated instrument, c) instrumentation and obturation
of the root canal coronally to the fragment25. It is also
suggested that the patient should be informed about the
instrument separation, the treatment to be followed, and the
prognosis for the tooth23,24.
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Bypass of the separated instrument

Bypassing the separated endodontic instrument is
considered to be the safest treatment path, given that
it does not involve removing an excessive quantity
of dentin from the root of the tooth25,26. It allows the
instrumentation and obturation of the root canal up to
the apex and is believed to contribute to a successful
treatment outcome6,17,27,28. It is also considered to
be the first step towards the removal of the separated
instrument fragment from the root canal1, as it reduces
the contact between the instrument and the root dentin,
and creates space for inserting other instruments, such
as ultrasonic tips, able to fully detach the fragment
from the root dentin25. However, it is a very demanding
technique where success depends on the clinician’s sense
of touch and perseverance28. In addition, the success of
this procedure depends on the ISO size and taper of the
separated instrument.
Bypassing the separated instrument requires the
use of hand files25. The use of a rotary NiTi instrument
is not recommended as an increased risk of a new
separation exists21. A No 10 K file, precurved to the
edge, is used. The file is used with slight pressure and
rotated a quarter of a turn to attempt to insert it between
the instrument and the root canal wall. Provided that this
can be achieved, the file is then carefully advanced until
the separated instrument has been completely bypassed
and the file reaches the apical foramen. During the
bypass attempt, radiographs are necessary to detect any
possible erroneous route of the file in time and risk of a
perforation avoided26.

Removal of the separated instrument

The actual removal of a separated instrument is a
rather challenging procedure. The difficulty is mainly
related to the type of separated instrument and its position
in the root canal. As far as manual instruments are
concerned, Hedstroem files are more problematic than
K files due to their morphology which causes a stronger
engagement with the dentin17,20. With respect to NiTi
instruments, their removal is more difficult than removing
instruments made of stainless steel. This is due to NiTi
instruments usually separating at a shorter fragment
length, more apically, in the curvature of narrow root
canals, with the rotation movement locking them into the
dentin29. NiTi instruments can further separate or shorten
due to damage from ultrasonics vibration during the
attempt to remove the fragment. Additionally, the shape
memory of NiTi alloy increases the level of difficulty
because as they are released from the dentin, they tend to
straighten and re-engage with the root canal wall21. So far,
a number of techniques and means of instrument removal
have been reported. However, none has been proved to be
fully effective30.
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Techniques and systems used for the removal of
separated instruments

A separated instrument can be removed with the
aid of an endodontic file: after bypassing the fragment
with K files No 10-20, instrumentation of the root canal
can take place in an effort to loosen the fragment from
dentin, engage it with the cutting edges of the inserted
file and eventually remove it26. Tweezers, endodontic
forceps, mosquito and dental pliers can be used when
the instrument projects from the root canal orifice. It
is recommended to use them with a counterclockwise
rotation to assist in disengaging the fragment from the
dentin31-33. Other techniques that can be applied when the
coronal part of the fragment is free and visible include a
micro-tube or an injection needle that are applied over the
free part of the instrument combined with a Hedstroem
file or an orthodontic wire which engage, pull and remove
the fragment34,35.

Endo-Extractor system (Roydent Dental Products,
USA)/ Masserann kit (Micro Mega, France)/
Instrument Removal System (San Diego Swiss, USA)/
Separated Instrument Removal System (Vista Dental
Products, USA)/ Cancelier instrument and Mounce
extractor (SybronEndo, CA)
The above devices are tube-like systems which
entrap and pull out the fragment. Removal of dentin
around the separated instrument to reveal its coronal
section to a length of at least 2mm is required before their
appliance. Dentin removal is carried out either with a
special trepan kit which is included in each system or with
the use of ultrasonics. Especially, the Cancelier instrument
removal system and Mounce extractor are systems
properly designed for working under the Dental Operating
Microscope, in a way which does not obstruct visibility
of the separated instrument. Most of these systems are
considered to be aggressive, since they entail the risk of
root weakening and perforation33,36-40.

Ultrasonics- Dental Operating Microscope

The systems described above cannot be applied to
narrow and curved root canals, especially if the instrument
is located deep in the root canal17. In contrast, ultrasonics
can be inserted in depth   into the root canal and can be
used in several cases41,42. When using ultrasonics, both
immediate access and visual contact with the separated
instrument are important. The use of an operative
microscope allows working under bright illumination and
magnification30, so as to limit the risk of the excessive
removal of dentin and possible perforation2,10,43. The
general opinion is that use of an operative microscope
increases the chances of success in removing a separated
instrument20.
Endodontic tips for ultrasonics of various sizes and
lengths, are used in different parts of the root canal. Most
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tips are made of stainless steel, some of which are coated
with diamond or zirconia. The coated tips burnish the
dentin throughout their length, whereas the uncoated ones
only remove dentin at their cutting edge. There are also
tips made of titanium alloy which is considered to make
them more flexible30,44.
Especially thin tips are used to remove dentin
around the fragment to loosen it and make it more
easily removable from the root canal wall30. During this
process, the ultrasonic tips should move in the reverse
direction of rotation to that of the instrument. It has been
suggested that the use of citric acid or EDTA combined
with ultrasonics, can help the removal of debris and
smear layer from the grooves of the instrument and thus
facilitate the fragment removal from the root canal45,46.
It is important to note the Ruddle technique, during
which Gates Glidden modified burs are used to create a
flat platform in the dentin that surrounds the coronal
edge of the separated instrument, before the use of
ultrasonics47. Gates Glidden burs (No 2-4) are modified
by cutting them vertically along their linear axis at their
maximum diameter25. The platform has to be formed with
great care in order for the Gates Glidden bur to remain
centered above the instrument and remove equal quantity
of dentin from around it, so that any mishap is avoided25.
After the formation of the platform, ultrasonics remove
dentin circumferentially to the fragment. An important
aspect of this technique is the use of ultrasonics without
water to increase visibility40.
In order to reduce the possibility of secondary
instrument separation, a modified removal technique
with ultrasonics has been suggested46: The ultrasonic tip
works in the inner surface of the curvature of the root
canal, avoiding the outer surface of the curvature, so as
to maintain the dentin wall that supports the fragment.
The detachment of the fragment is assisted by the use of
EDTA. The removal of dentin from the inner surface of
the curvature ceases when there is a danger of perforation
or excessive weakening of the tooth46. Although this
technique is deemed interesting, it is relatively dangerous.
When the dentin is removed from the inner surface of the
curvature, where the thickness of the root canal wall can
be particularly limited, there is increased risk of a clinical
mishap.

Laser

Laser ND:YAG   can be used for the removal of a
separated instrument in three ways: a) by melting the
dentin, bypassing the instrument and removing it with
an H file, b) by melting the fragment, c) by welding
a connection between a tube and the coronal end of
the fragment in order to retrieve it. The following
advantages of using the laser technique have been
reported: a) minimum dentin removal, b) quick removal
of the instrument from the root canal. However, its
safety regarding the adjacent periodontal tissues has
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not been established in relation to the possibility of an
excessive increase in temperature in the outer root surface.
Moreover, there is a possibility of carbonizing the dentin,
due to high temperature, which may negatively affect
the adhesion of the obturation materials to the root canal
wall48,49.

Electrolysis

Dissolving the NiTi fragment through electrolysis
has been suggested. The method involves filling of the
root canal with a solvent which acts as an electrolyte and
dipping two electrodes (anode-cathode) in the electrolyte.
The electrode, functioning as the anode is placed in
contact with the fragment. The voltage between the two
electrodes causes a flow of electrons from the anode to
the cathode, release of metallic ions from the fragment to
the solvent, and a progressive dissolution of the fragment.
The efficiency of the method depends on the type of
solvent, its concentration, its pH, as well as the extent of
its contact with the fragment50-53.
So far this method has only been tested in ex vivo53
or in vitro studies where the fragment was dissolved
only sufficiently to allow it to be bypassed with a No
10 K file after 60 minutes52,54. What has been suggested
is that the advantage of electrolysis is the avoidance of
dentin removal from the root canal wall50,51. However,
the disadvantage is that the solvent used as an electrolyte
may cause cytotoxicity especially in combination with
insoluble components of the NiTi fragment55.

Instrumentation and obturation coronally to the
fragment

When the conservative removal or bypass of the
fragment is impossible, or there is a high risk of a mishap,
instrumentation and obturation of the root canal coronally
to the fragment with subsequent follow up of the tooth are
recommended. In cases of clinical symptoms, periapical
lesion, or enlargement of a pre-existing periapical lesion, a
surgical endodontic treatment is suggested25,26.

Surgical endodontic treatment

With respect to the surgical treatment of a separated
instrument, the following options are available: surgical
removal of the fragment from periapical tissues,
apicectomy, root resection, bisection, and intentional
replantation. When intense clinical symptoms are
observed and conservative removal or bypass of
the fragment is not possible, an immediate surgical
endodontic treatment is advised26. Instrumentation and
obturation of the root canal up to the fragment should take
place before surgery so that the microbial load of the root
canal is significantly reduced25.

Success rates of treatment techniques

The rates of successful removal of a fragment
vary, and depend on such factors as the location of the
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fragment in relation to the root canal curvature, the depth
of the fragment location in the root canal, the type of the
instrument, its length, the radius of the curvature, as well
as the location of the tooth17,20,29,56. A number of studies
have assessed the success rate of various techniques of
removing instruments in relation to these factors.
According to both in vitro and ex vivo studies, the
success rate for treatment of a separated instrument ranges
between 70% and 91.8%56-62 Clinical studies (of in vivo
treatment) indicate an even higher range, since they
start at 53% and reach 95%1,3,18,20,27-29,57. Both bypass
and removal of the fragment are included in the above
success rates. The lower success rates in some clinical
studies may be due to the increased difficulty of treatment
under clinical conditions. Different ranges among clinical
studies may be attributed to the fact that they were
conducted under different and non-comparable conditions
with respect to sample choice, technique used, as well
as the capability of the clinician. The rate of successful
fragment removal (44%-95%) is higher than that of
successful instrument bypass (9%-47.7%)28,61; something
that could be ascribed to the challenging nature of  bypass
procedure28.
Removing the instrument is easier with the use of
ultrasonics and an operating microscope compared to
other techniques60. Visibility plays an important part in
removing the fragment28,57. Removal is easier when the
fragment is found in the coronal or mesial third, rather
than when it is located in the apical third of the root
canal1,3,20. With respect to the location of the tooth, the
possibility of a successful instrument removal is higher
for the anterior and upper teeth compared to the posterior
and lower ones20,27. When the fragment lies coronally to
the curvature, or at the level of the curvature, it is more
easily removed than when being beyond the curvature
20,27,29,56,61. The more severe the curvature, the more the
difficulty of its removal20,27,59. Finally, longer fragments
are more easily removed than shorter ones20.

Complications
Weakening of dentin mass – danger of perforation
or tooth fracture
Tooth fracture
In vitro removal of separated instruments from
extracted teeth using ultrasonics or the Masseran system,
increased the percentage of fracture in relation to the
control group. The reduced resistance to fracture was
attributed to dentin removal during the formation of a
staging platform63. A platform made with a Gates Glidden
bur coronally to the fragment significantly reduces
resistance to fracture, even if the fragment is not removed,
compared to teeth where no attempt at instrument removal
has been made64.
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The resistance of a tooth to fracture following
the removal of a separated instrument is affected by
the location of separation. Studies have shown that the
process of removing an instrument from the coronal
third has no effect on resistance to fracture. Conversely,
instrument removal from the mesial third, and to a greater
extent, from the apical third requires significant dentin
removal and increases the possibility of a vertical root
fracture57,65,66. Similar findings relate to the position of
the separated instrument and the canal curvature. The
removal of an instrument separated before the curvature
causes less dentin loss compared to an instrument
that is separated inside the curvature or apically to the
curvature56. However, Shahabinejad et al.61 found that the
location of the fragment does not statistically affect the
strength that is required to fracture the tooth.
Fu et al.67 conducted a retrospective study, in the
course of which they recalled 66 teeth over a period of
1-5 years following attempts to remove fragments with
the Ruddle technique: no case of fracture was detected.
This may be due to the conservative effort of removing
the instrument, without excessive dentin removal, the
prosthetic restoration, and the occlusal adjustment.
Moreover, the presence of periodontal ligament may
relieve the pressure of the occlusal forces and reduce
the possibility of tooth fracture67. This in vivo finding
contradicts in vitro research findings.

Perforation

The rates for perforation from in vitro studies of
instrument removal range from 5.5% to 13.3%57-59,61.
Whereas clinical research findings range from 0.5% to
11.6%1,20,28,57. In the above studies, perforations occurred
in teeth where the instrument was in the apical third1,57,
beyond the root canal curvature68, and the removal
attempt lasted more than 90min1. The latter was attributed
to the dentist’s fatigue, the increased difficulty of the case,
or the excessive access cavity preparation of the root
canal1.
Special interest presents the retrieval of a separated
instrument from the middle third of the mesial root of
maxillary molars. The shaping of a staging platform
in combination with ultrasonics, removes considerable
amounts of dentin. The remaining dentin thickness in the
distal wall of the mesial root, the so called “danger zone”,
is notably reduced when a distal concavity is present.
Usually, the depth, or even existence, of the concavity
is impossible to measure or depict radiografically. As a
result, such cases run high risks of perforation69.

Temperature increase in periodontal tissues

The use of ultrasonics without air or water may
increase the temperature at the outer surface of the root.
An increase in temperature of more than 10˚C above
body temperature may inflict damage on the bone of the
alveolar process70-73. Experiments conducted on animals
have shown that an increase in the temperature of
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periodontal tissues causes bone necrosis, bone resorption,
tooth resorption, and ankyloses70,73,74. Various clinical
cases of temperature increase in periodontal tissues caused
by ultrasonics  have been reported75-79.
Temperature increase in the outer surface of roots
during the removal of separated instruments from
extracted teeth has been examined in the studies of
Hashem et al.79 and Madarati et al.80 where different
ultrasonic tips, without air or water, were used at different
powers and durations. The use of ultrasonics at power
5 without water for ≥ 60sec and at power 1 for ≥ 90sec
increased the temperature in the outer surface of the
root ≥ 10˚C.   Consequently, the use of power 5 is not
recommended without water, whereas power 1 may be
used without water for a time period of < 90 sec79,80.
Madarati et al.81 examined the extent to which the use
of ultrasonics without water, but with an air spray, can
restrict the increase of temperature in the outer surface of
the root. The use of air significantly reduced the rise of
temperature in the outer surface of the tooth; whereas, the
use of ultrasound at volume 1.5 without water or air for
≥ 90 sec increased the temperature by > 10˚C. Adding an
air spray at power 1.5 for 120sec prevented a temperature
augmentation. When considering the use of air cooling
for ultrasonics the risk of causing an air embolism must
always be taken into consideration81. Generally speaking,
the extent of temperature rise depends on the width of the
root canal wall, the type of the tip used, the power, and the
duration of usage79,80.

Secondary separation of the fragment

There is a risk of secondary separation of the
instrument during attempts at its removal, especially when
using ultrasonics. In vitro studies have shown the rate of
secondary instrument separation to be low: 1.1%58 and
3.3%59. Terauchi et al.46 found that fragments located in
dentin blocks separated in a shorter period of time when
they were very curved and not supported by a dentin
wall. The researchers suggest that the most likely causes
of a secondary separation of a separated fragment are the
following: a) the instrument that broke inside a curvature
is subject to internal pressure and the use of ultrasonics
adds further fatigue leading to further separation, b) the
use of ultrasonics increases the temperature of the internal
root canal surface considerably; much more than it does at
the external root canal surface. As a result, the flexibility
of the instrument is reduced and its separation becomes
more likely46.
On a clinical level, only one study exists where the
secondary separation of a fragment during an attempt
at its removal is mentioned. Suter et al.1 used various
instrument removal techniques and recorded secondary
separation only during the use of ultrasonics. The overall
rate of secondary separation was 29%. Specifically, 28%
of NiTi instruments, 22% of stainless steel files, and
57% of lentulo secondarily separated during the removal
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procedure. The further separation of the instruments
increased the difficulty in removing the fragment, but
did not affect the chances of its removal. Researchers
correlated the high rate of separation with the fact that
they used ultrasonics for a long period of time and at high
power1.

Alteration of root canal morphology

During the process of removing a fragment, the
morphology of the root canal may suffer alterations.
Ward et al.56 implemented a modified Ruddle technique
on acrylic blocks and teeth with separated instruments. A
large alteration in the morphology of the root canal was
observed following instrument removal. The frequency
and degree of alteration of the morphology varied with the
location of the fragment in relation to the curvature (10%
before the block curvature, 55% inside the curvature, and
100% following the curvature)56. Shahabinejad et al.61
conducted research on extracted teeth using a modified
Ruddle technique and reported a transformation of the
root canal by 5.7%.

Further complications

The removal of a separated instrument entails the risk
of causing further complications such as: a) extrusion of
the fragment in periapical tissues (1,1% - 7,5%)58,59,61,66
and b) separation of the ultrasonic tip or file used during
removal or bypass process (1,4%)61.

Prevention of complications

The systems using trephine burs (e.g. Masseran) are
not fully effective and may cause complications42,82,83.
In contrast, the use of an operative microscope and
ultrasonics increases the possibility of a successful
removal and reduces that of complications29,47,56. In order
to avoid a perforation, attention is necessary when using
Gates Glidden No 3-4 to shape a platform, especially in
the mesial roots of upper or lower molars84-86, and lower
incisors87. During the shaping of a platform, radiographic
checks on the remaining dentin thickness may not
prevent the possibility of perforation88. It has been found
that, in the case of mesial roots of maxillary molars,
radiographs taken with the parallel technique overestimate
the remaining dentin thickness, while an angulated
technique (21˚) provides the clinician with more accurate
information for assessing the risk of perforation89. When
the fragment lies in the apical third, especially in curved
root canals, excessive dentin removal is unavoidable to
achieve straight access to the fragment57. This is due
to the difficulty of focusing a Gates Glidden bur on the
coronal edge of the fragment90. If the fragment remains
invisible to in the microscope, after an attempt to create
immediate access, it is recommended that the removal
attempt is abandoned36. In general, after 45-60 min of
attempting to remove the fragment, the risk of perforation
increases1.
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The use of a thin ultrasonic tip requires great
attention, because it entails the risk of the tip separating
in the root canal. This indicates it should be used in low
power mode91. When the ultrasonic tip approaches a
NiTi instrument, it should be prevented from coming in
contact with the fragment, as the separated instrument
could be broken or consumed. Regarding temperature
rise; ultrasonics should be set at low power when used
without water92 and not exceed 60sec of constant use46.
Up until now, no definitive instructions for the proper use
of ultrasonics in order to avoid a temperature increase in
periapical tissues have been suggested. Overall, during
the removal of a separated instrument all the necessary
precautions should be taken so that the least possible
damage is caused to the tooth and periapical tissues.

Prognosis

Several views have been voiced as to whether
instrument separation affects the prognosis of endodontic
therapy. Generally, it has been reported that it reduces
the prognosis for tooth maintenance93 because it inhibits
access to the apex and full disinfection of the root
canal83. In particular, when the instrument separates at the
beginning of instrumentation of an infected root canal, its
presence affects therapy prognosis negatively, while if the
separation occurs during the last stages of instrumentation
of an infected root canal, or in an aseptic root canal, the
prognosis is better24,94,95.
The healing rate of 66 clinical cases after an
attempt at separated instrument removal with the Ruddle
technique was retrospectively examined67. Follow-up
periods of time ranged between 12 and 68 months and
the follow-up rate was 64.7%. Healing criteria included
the absence of clinical symptoms, the periapical index
PAI ≤ 2, and the maintenance of the tooth in function.
An overall healing rate of 81.8% was observed. During
the early stages of the statistical processing, three factors
were found to affect healing: Whether the instrument
was removed or not, the presence of perforation, and
the quality of the root canal obturation. In cases where
the instrument was removed, the healing rate was 86%,
whereas in those where it was retained, the healing rate
was 50%. In case of perforation, the healing rate was
57%, compared to teeth without perforation where it
reached 88%. When the obturation of the root canal was
adequate, the healing rate was 93% compared to 64% in
cases where the obturation was inadequate. However, the
sole factor presenting a statistically significant difference
was the quality of the obturation of the root canal67.
In another study18, 30 clinical cases of separated
instruments that were either: removed, bypassed or
retained in the root canal were followed up. The follow-up
period of time was at least 12 months, and the absence of
clinical symptoms and radiographic findings were set as
an index of success. Overall, a success rate of 60% was
observed, regardless of the removal or retention of the
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instrument, and irrespective of the initial diagnosis. In
cases of instrument removal, the success rate was 71.4%;
in those of instrument bypass it was 40%, and 64,7% in
those cases that were obturated coronally to the fragment.
As to the initial diagnosis, the cases with vital pulp had
72.7% success, those with primary pulp infection 58.3%,
and those of retreatment 42.9%. These findings indicate
that the instrument removal and the root canal infection
affect tooth prognosis. However, this correlation was not
supported by the statistical analysis18.
A systematic review and meta-analysis that included
two case control studies has been performed96. The two
studies comprised this systematic review, Spili et al.10,
Crump & Natkin16, included a total of 199 teeth with a
separated instrument with their follow-up examination
set at a time of at least 12 months. The following healing
criteria were set: full healing, partial healing, and
uncertain outcome. Regardless of lesions, teeth with a
separated instrument healed in 91% of cases, compared
with teeth without a separated instrument where 92%
healed. Irrespective of the presence of a fragment, 80.7%

of teeth with a lesion healed, while teeth without a lesion
showed 92.4% healing. When a lesion did not preexist,
teeth with a separated instrument had the same healing
rate as those without an instrument (95%). When a lesion
did preexist, teeth with a separated instrument had the
same healing rate (88%) as those without a fragment
(89%). The results of these studies may not be applicable
to the conditions met in general dental offices, since they
derive from specialist practices and university clinics
where conditions are better controlled96.
Therefore, the separation of an instrument per
se does not reduce tooth prognosis but makes the full
disinfection and hermetic sealing of the root canal
problematic. The prognosis of a tooth with a separated
instrument depends on a number of factors like: the
presence of a lesion, the microbial presence within the
root canal at the time of instrument separation and the
quality of the obturation. Particularly, in cases where the
instrument separation is combined with the presence of a
lesion, the tooth prognosis is compromised only when the
proper disinfection of the root canal is obstructed.

Figure 1. Suggested treatment protocol in cases with separated instruments
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Conclusions
In cases of instrument separation, the recommended
treatment option is first to endeavor to bypass the
fragment because this is considered to be a conservative
technique, with low risk of clinical mishap, with the
additional advantage of possibly contributing to the
final removal of the instrument. Where bypassing the
instrument proves impossible, the next treatment option
is to try to remove the fragment. At this stage, a careful
assessment of the case is necessary so as to be fully aware
of the risks involved of causing further complications in
each particular case. If removing the instrument is deemed
a safe choice, the use of a microscope and ultrasonics is
the suggested removal technique.
Removing the instrument is more likely to succeed
when the fragment is found in the coronal third, before
the root canal curvature, when the root canal curvature is
not severe, and when it concerns upper or anterior teeth.
However, in cases where the fragment is found either
in the apical third or beyond the root canal curvature,
or visibility and access are impossible, removing the
instrument is not recommended, since there is a high
risk of perforation. Further complications that may occur
are the weakening of the mass of the tooth, secondary
separation of the instrument, extrusion of the fragment
into periapical tissues, transformation of the root canal,
and raised surface temperature sufficient to cause tissue
damage.
Where the removal of the instrument is impossible
or dangerous, the possibility of retaining the fragment in
the root canal should be evaluated. If clinical symptoms
exist, immediate surgical treatment is recommended. If no
symptoms are present, instrumentation and obturation of
the root canal coronally to the fragment can be performed,
and the tooth entered into a follow-up schedule. The
possibility of a future surgical treatment, in case of failure,
should be taken into account. Retaining the fragment in
the root canal does not seem to affect tooth prognosis,
which depends mainly on the presence of a lesion, the
infection of the root canal at the time of separation, and
the quality of the root canal obturation afterwards.
The conclusions of this review, regarding the
indicated treatment of cases with separated instruments
are briefly outlined in a flow chart (Figure 1).
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Evaluation of Mandibular Anatomical Formation for
Gender Determination in Turkish Population
SUMMARY

Background/Aim: Gender determination is one of the most
challenging tasks in medico-legal research and forensic dentistry. Several
skeletal components are investigated for this purpose and the mandible is
one of them. The mandible has several specific anatomical features. The
purpose of this study was to analyze the effects of measurements related
to the mental foramen, gonial angle and antegonial angle on gender
determination using digital panoramic radiographs. Material and Methods:
A retrospective study was planned with 150 digital panoramic radiographs
(75 males and 75 females, aged between 20 to 49 years). The radiographs
were analyzed by dividing them into two equal gender groups (male and
female). Several parameters were compared to determine the gender. The
distances from the superior and inferior border of the mental foramen
to the basis of the mandible on the right side were measured. Gonial and
antegonial angles were evaluated bilaterally. The difference between
the males and females were analyzed with independent samples t-test
(p<0.05). Results: There was statistically significant difference between the
males and females in terms of all the evaluated parameters (p<0.05). The
distances related to mental foramen is higher in the males however gonial
and antegonial angles are larger in the females. Conclusions: The mental
foramen position, gonial and antegonial angles can be used to predict the
gender in Turkish population.
Key words: Forensic Dentistry, Sex Determination Analysis, Mental Foramen, Gonial
Angle, Antegonial Angle, Panoramic Radiography

Introduction
The determination of human skeletal components
is important in criminal cases for advanced analysis1,2.
Gender determination is the first step of the determination
process3. If the whole adult bone structure is available,
gender can be determined easily. However, when skeletal
remnants do not present in good condition, morphological
indicators of sexual dimorphism do not allow a
correct diagnosis4. Gender determination in forensic
dentistry and human anthropology is mainly based on
anatomical variations and various skeletal morphological
characteristics that can be used to distinguish males from
females5,6.
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As evident from the previous studies, the skull is
the most reliable portion of the human skeleton after
the pelvis to distinguish the gender, providing precision
up to 92%1. However, sometimes, intact skull cannot
be found. In these cases, the mandible may play a vital
role in sex determination, because it is the strongest
and the most dimorphic bone of the skull, and has a
dense layer of compact bone7-9. The structure of the
mandibular ramus may vary according to the gender,
because mandibular growth and development is different
in both genders. Occlusal forces are also different in
both genders. In addition, the anatomical changes of the
mandible are affected by the occlusal status10. Among
the craniofacial bones, the mandible is the most reliable
one for discriminating the sex, therefore, the anatomical
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structures of the mandible are commonly used in the
gender determination5,11.
In the field of forensic dentistry and anthropology,
dentofacial radiographs are indispensable11. Panoramic
radiography is a very popular technique and commonly
used in routine dental practices to evaluate mandibular
and maxillary vital structures12,13. Panoramic radiographs
are suitable as a means of radiologic approach to view
the integrity of whole dento-facial tissues12. Due to the
possibility of imaging the entire body of the mandible,
the position of the mental foramen is reasonably well
depicted in panoramic radiographs both in horizontal
and vertical dimensions. Panoramic radiographs are
also the best choice for the determination of the gonial
angle11,14. Gonial angle is generally used to evaluate the
rotation of the mandible and diagnose growth patterns15.
In recent years, numerous studies have assessed the
reliability of panoramic radiographs for the determination
of morphological dimensions of the mandible12,16,17.
The gonial angle was evaluated in some studies with
controversial results14,18,19. Skeletal characteristics
differ in each population accentuating the need for
population-specific bone metric standards for gender
determination1,20. To our knowledge, there is no study
evaluating the mental foramen for gender determination in
the Turkish population.
Therefore, the aim of the present study was to
determine the effect of the average distances of the
superior and inferior borders of the mental foramen
to the inferior border of the mandible on right side, and
the average gonial and antegonial angles on both sides
of the individuals on the gender determination. The null
hypothesis was that there would be no effect of these
parameters on gender determination.
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positioned radiographs without distortion and artifacts.
Any developmental problems, deformation, fractures or
edentulousness of the mandible were eliminated from the
study. No ethics committee report was required for this
study.
The parameters used in this study were the distance
between the inferior border of the mental foramen and
the inferior border of the mandible (IBM), between the
superior border of the mental foramen and the inferior
border of the mandible (SBM) on the right side, and
gonial and antegonial angles on both sides. The distances
between the IBM and SBM on the right side, bilateral
gonial and antegonial angles were measured on the images
by a dento-maxillofacial radiologist (D.I.) with a Java
Image Processing Software (ImageJ, a public domain
program). This program can be downloaded from http://
rsb.info.nih.gov/ij/. For measurements, a line was drawn
tangent to the inferior border of the mandible and the
mental foramen was marked with a circular line. The
perpendicular distances from the superior and inferior
borders of the mental foramen to the tangent line were
measured (Figure 1). Gonial angle was obtained by
measuring the angle between the line tangent to the
lowest points of the anterior and posterior borders of the
mandible and the line tangent to the two distal points
of the ramus. The antegonial angle was measured by
drawing two lines parallel to the antegonial region which
intersected at the deepest point of the antegonial notch
(Figure 2). For the study 10% of all the measurements
were performed twice by the same observer (D. I.). The
data were analyzed by independent samples t-tests using
a statistical software (IBM SPSS 15.0 version IBM Corp).

Material and Methods
The study was performed at the Department of
Maxillofacial Radiology, Selcuk University, Konya,
Turkey. Panoramic radiographs of 150 patients (75
females and 75 males of Turkish population between the
ages of 20 and 49 years) were selected from the archive
of patients who were referred to the Maxillofacial
Radiology Clinic for routine dental procedures. None of
the images were obtained for the purpose of the present
study. Suitable panoramic radiographs were selected
randomly. All the radiographs were taken with the same
panoramic machine (Kodak 8000 Panoramic system
Carestream Health Inc, Rochester NY, USA) by the same
technician (A.E.) and exposed under standard protocols
(70 kV and 10 mA). Inclusion criteria comprised the
lack of any pathologic bony lesion in the mandible,
excellent visualization of the mental foramina and
borders of the mandible, and high quality and correctly

Figure 1. The measurements of IBM and SBM
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Figure 2. Measurement method of gonial and antegonial angles

Results
No statistically significant differences existed
between the first and second measurements (p>0.05). The
difference of measured parameters between the males and
females were analyzed with independent samples t-tests
and the present study showed that, for all measurements, a
statistically significant difference was present between the
males and females (p<0.05) (Table 1).
Table 1. Dimensions of IBM, SBM, gonial and antegonial angles
of males and females
P

Gender

N

Mean Std. Dev.

IBM

male
female

75
75

1.448
1.245

0.11
0.09

0.000*

SBM

male
female

75
75

1.752
1.549

0.11
0.10

0.000*

Gonial angle (R)

male
female

75
75

109.96
112.22

5.19
5.88

0.014*

Gonial angle (L)

male
female

75
75

111.52
113.85

6.42
6.01

0.024*

Antegonial angle (R)

male
female

75
75

160.99
165.65

8.46
7.69

0.001*

Antegonial angle (L)

male
female

75
75

159.56
166.66

9.09
7.27

0.000*

*refers

to statistically significant difference (p<0.05).

Discussion
In this study, a statistically significant difference
was found between the males and females in terms of
measurements related to the mental foramen, gonial
and antegonial angles. Therefore the null hypothesis
‘there would be no effect of these parameters on the
gender determination’ was rejected. To our knowledge,

no study has evaluated the mental foramen for gender
determination in the Turkish population.
In this study gonial angle was significantly larger
in females than males on both sides of the jaws. The
current results are in agreement with the results reported
by Abu Taleb et al7. The average gonial angle values
reported in the study by Abu Taleb et al. (122.16 in
males; 125.09 in females) 7 were higher than those
of this study (110.74 in males; 113.03 in females).
Average gonial angle varies according to different
human population groups. The small differences between
groups may be explained with homogeneity between
these groups but relatively high differences should
be considered for racial identification7. The results of
the present study is also in agreement with the study
by Gungor et al.21. However, according the studies by
Rupa et al.5 and Chole et al.14, a statistically significant
difference did not exist between genders in terms of
gonial angle measurements. This discrepancy may be
explained by the difference in populations. The reason
for the larger gonial angle in females compared to males
can be that high masticatory force results in small gonial
angles and males usually have a greater masticatory
force than females16. Also it was found that females had
downward and backward rotation in mandible while
males had forward rotation. So, the gonial angles in
females are larger than males7. Some studies performed
in Indian and Norwegian populations noted that gonial
angle was statistically non-significant between genders
or larger in males than females and this was explained
with the effect of insertion of the masticatory muscles
into the gonion5,22,23.
Sexual dimorphism is related to anatomical regions
and their functions24. According to many researchers,
gender determination can be performed using the skull
and hipbone with more than 95% accuracy. Despite
these findings, gender differences are not a dominant
and static phenomenon and there are overlaps in each
gender’s characteristics7. The literature revealed that
ultimate shape of a fully grown mandible can be
used to differentiate the gender. The morphological
features of the mandible are most commonly used
by anthropologists and forensic dentists in sex
determination9. Radiographic X ray technology is a
prominent tool for forensic dentistry and a simple and
cheap method for human identification as well7. The
reliability of measurements on radiographs depends on
the quality of radiographs and panoramic radiographs
can provide information about the localization and
dimension of the anatomic structures13. In most of
populations, the mandibles of the males are usually
larger, have prominent muscular attachment sites and
are slightly more robust than female mandibles. The
prominent male features of the mandible include broad
ramus, high symphysis, small mental eminence and
gonial flaring. Based on these features mandibular
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parameters can be considered as reliable markers for sex
determination5.
The mental foramen is a well observed anatomical
landmark in panoramic radiographs and it is possible to
evaluate both horizontal and vertical dimensions related
to the mental foramen25. In the present study, SLM and
ILM dimensions were significantly higher in the males
than females and the results were compatible with those
reported by Thakur et al.11 and Naroor et al25. In this study
SLM and ILM were evaluated only on the right side of the
radiographs because some previous studies showed that
the values on both sides were almost the same and there
was no statistically significant difference between the
right and left sides25.
Bone deposition occurs on the inferior border
of the mandible with the exception of the antegonial
region where bone resorption takes place and increases
antegonial angle and antegonial depth. In the present
study, the males had a smaller antegonial angle than
the females and our results correlated with those
of Bhardwaj et al. and they explained this with the
hormonal difference of testosterone in males and
estrogen in females affecting the bone metabolism
and possibly resulting in visible differences between
genders16. This study has a limitation as the patients
were not classified according to their age.

5.

Conclusions

13.

Within the limitations of this study, following
conclusions can be drawn: Panoramic radiography is an
effective radiographic method to evaluate the mandible
and to determine the gender. The difference of gonial
angle, antegonial angle and measurements related to the
mental foramen between the males and females were
statistically significant for the study population and these
parameters may be used in sex determination in Turkish
population.
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Awareness of Oral Complications and Oral Hygiene
Habits of Subjects with Diagnosed Diabetes Mellitus
SUMMARY

Background/Aim: The aim was to evaluate Diabetes Mellitus
(DM) patients’ awareness of their risk for oral and dental complications,
to evaluate their oral health behaviors, assess their sources of related
information, and to detect the influence of their awareness on oral health
and dental management. Material and Methods: Total of 240 DM
patients presenting to a university outpatient dental facility for routine
care completed a self-administered questionnaire about demographicsocioeconomic characteristics, oral health care and awareness on oral
complications of DM. Dental status of each patient was recorded. Data were
analyzed with Chi- square test; p was set as 0.05. Results: The patients’
mean age was 52.85 years; the majority had Type 2 DM (72.1%) and
61.7% were females. Two thirds of the patients had tooth loss; 65% brushed
daily and used toothpick for interproximal cleaning (35%). Only 12.9%
had regular dental visits and 37.5% reported their oral health as “poor”.
DM patients rarely received guidance from their health care professionals
regarding their oral health (28.3%). Even though 62.5% were aware of oral
complications of DM, only 46.3% knew that oral health may affect DM. The
patients with Type 1 and Type 2 DM had similar perceptions about their oral
health status (p=0.15>0.05). However, insulin users were more aware of the
interaction between oral health and DM (p>0.05), and were more likely to
consider their oral health as “poor” (p>0.05). Conclusions: DM patients’
awareness of the effect of DM on oral health was higher than that of the
effect of oral health on DM management. Medical health care providers
were failing to provide the necessary information regarding these issues
when compared to dentists.
Key words: Community Care, Dental Care, Developing Countries, Health Care, Health
Education

Introduction
Diabetes Mellitus (DM) is a chronic, progressive,
metabolic disease that is characterized by high levels
of glucose in the blood. It results from the deficiency in
insulin secretion from pancreatic beta cells or an increased
cellular resistance to the actions of insulin1. Due to
its high incidence and increasing prevalence, DM has
been declared a pandemic disease by the World Health
Organization 2,3. According to the 2013 International
Diabetes Federation Diabetes Atlas, 387 million people
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have diabetes and it is anticipated that this number will
increase to 592 million worldwide by 20354.
The chronic complications of DM including
microvascular abnormalities and neuropathy result in a high
risk of developing oral health problems, such as xerostomia
(dry mouth) which results with increased susceptibility to
oral fungal infections (oral candidiasis) and dental caries,
poor wound healing, taste impairment, burning mouth
syndrome, and periodontal disease5-7. As a consequence of
the impaired immunity and healing associated with DM,
periodontitis may be more severe and aggressive in these
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patients8,9. Additionally, periodontitis impairs glycaemic
control as it has been shown that DM management is
improved following treatment of periodontitis8,9.Therefore,
DM patients should be informed about this bidirectional
interaction between oral health and DM for both the
prevention and control of periodontal/oral disease and
management of DM3.
Among the health care professionals involved in DM
management and patients care, the role of the nurses is of
increasing importance because of the increasing global
prevalence of DM10. Consequently, nurses are essential
in the multidisciplinary team to provide appropriate
care to DM patients and to manage DM, both in primary
and secondary care settings11. Several papers have
assessed the knowledge of dental students and dental
care providers12-16, internists and endocrinologists3,17,18,
diabetes educators 19 and diabetic patients20-24 of the
association between DM and oral health. Unfortunately,
people with DM still lack important knowledge about
the oral complications of the disease and may have poor
levels of oral self-care 20-22,24-26.
The increased incidence of DM and the high
level of poor oral health among diabetics indicate the
continuing need for education of DM patients by the
health care providers regarding the interaction between
oral health and DM. However, establishing the actual
awareness of DM patients on this interaction is vital in
order to develop effective programs to enhance both the
general and oral health of DM patients. In this study; we
aimed to assess the knowledge and awareness of DM
patients about their heightened risk for oral diseases, to
evaluate their oral health habits, to evaluate their sources
of related information, and also to assess the influence
of DM patients’ awareness about increased risk for oral
diseases on their oral health and dental management.

Material and Methods
This cross sectional study was performed on 240 DM
patients (both Type 1 and 2) among the patients who were
referred to the Outpatient Dental Clinic for treatment of
their dental needs in a routine, nonemergency basis. The
inclusion criteria were DM diagnosis for at least 1 year,
cognitive skills to understand the questions, and to accept
enrollment in the study. The patients with history of
cerebrovascular disease, uncontrolled systemic diseases,
major psychiatric conditions, using medications that
alter the cognitive function, diabetic medical personnel,
and patients who had diabetes only during pregnancy
were excluded from the study. The patients entered the
investigation voluntarily following an explanation of
the study purpose and written informed consents were
obtained. All study protocols were approved by the
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Institutional Review Board at Ege University (29.04.2016,
#16-4/1) and were completed in accordance with the
Declaration of Helsinki.
A self-administered questionnaire which included 38
questions was prepared after careful selection of relevant
published reports in the literature26-29. DM patients
completed this patient-reported questionnaire as they
waited for their appointment at the outpatient clinic. For
illiterate patients, a researcher (HÇ) read and explained
the queries and recorded patients’ responses. The first
part of the questionnaire was related to the patients’
demographic and socioeconomic characteristics such
as age, gender, literacy and annual household incomewhich was determined according to the minimum wage
provided by the government (https://www.csgb.gov.tr).
The type and duration of DM and DM management (diet,
oral antidiabetic agents, and insulin) were recorded. The
second part of the questionnaire assessed participants’ oral
health behaviors, such as frequency of dental visits, tooth
brushing, flossing and mouth rinse use. The third part of
the questionnaire was related to participant’s awareness
about oral complications associated with diabetes.
All participants underwent standard oral examination
related to their complaint by experienced clinicians under
standard clinical conditions and were referred to dental
clinics for treatment of their routine dental complaints.
Missing data were also presented in the tables, since
these were considered important to show the actual patient
profile. Data were entered on an Excel spreadsheet and
statistical analyses were performed with SPSS version 12
(SPSS Inc., Chicago, IL, USA). Following assessment of
descriptive features, Chi- square test was used to analyze
the categorical data. In all tests, P was set as 0.05.

Results
The patients’ demographic and socioeconomic
characteristics and dental findings are presented in Table 1.
Two hundred and forty DM patients who were
consisted of 61.7% females and 38.3% males and whose
ages were ranging between 13 to 82 years (mean=52.85
years) participated in this survey. Half of the patients
(51.53%) were either illiterate or had literacy level of
elementary school, and their monthly income were low
(73.3%). The majority of patients (72.1%) had Type 2 DM
and the duration of the disease ranged between 1-40 years.
Most of the patients were using oral antidiabetic agents
(62.5%) and insulin (20.8%), and 95% of patients were
regularly controlling their blood glucose level at home
(85%) (Table 1).
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Table 1. Sociodemographic characteristics and diabetes related
information of DM patients
n
Gender

Age (years)

Education

Income
Type of diabetes

Length of diagnosis

Treatment

Male
Female
<20
20-29
30-39
40-49
50-59
>60
Illiterate
Elementary school
Secondary school
High school
University
Low
High
Type I
Type 2
<5 years
5-9 years
10-14 years
15-19 years
20-24 years
>25 years
Diet
Oral antidiabetics
Insulin
Combined

92
148
3
5
15
57
93
66
21
102
33
45
39
176
64
67
173
92
60
47
25
9
6
11
150
50
25

Seventy-five percent of respondents were completely
or partially edentulous. Of the participants, 7.1% did
not brush their teeth on a daily basis, whereas 65%
brushed once a day. Approximately 2/3 (63.3%) reported
interproximal cleaning, mostly using a toothpick as an
adjunct tool (35%) to clean the problematic sites rather
than dental floss (12.9%), and 56 patients (23.3%) used
oral rinses regularly.
Only 12.9% reported that they had visits for regular
dental check-ups, and two-thirds of the patients visited
the dentist when they perceived there was a need (74.2%).
More than half of the patients (55.4%) reported oral
bleeding during tooth brushing; 21.7% of those kept on
brushing whereas 14.6% did not have concerns about
bleeding. In our study, 37.5% of patients reported that
their oral health was poor and almost half of the patients
rated their oral health as “moderate”.
Approximately two-thirds (62.5%) of the participants
had some knowledge of oral complications of DM, mostly
received from their dentists (34.6%) (Table 2).

The patients were mostly aware of mouth dryness as
an oral complication of DM (46.7%), and this was followed
by tooth decay (25%), malodor (23.3%) and bleeding gums
during tooth brushing (22.9%) (Table 3). Patients were less
aware of diabetes related mouth ulcers and taste impairment
(11.7%) and fungal infection (4.6%) (Table 2).
Table 2. Awareness of DM patients and the source of their
information regarding the effect of diabetes on oral health
Aware of the effect of
diabetes on oral health

If yes:

the source of this
information

Yes n(%)
No n(%)
Missing data
Nurse/physician
Internet
TV
Dentist
Combined
Missing data

150 (62.5)
74 (30.8)
16 (6.7)
13 (5.4)
12 (5.0)
36 (15.0)
83 (34.6)
4 (1.85)
24 (10.0)

Regarding information about the effect of oral health
on DM, 46.3% of the patients had some knowledge with
22.5% receiving this information from their dentists
(Table 3). 40.8% of the patients were not aware that oral
health may influence DM management.
Table 3. Awareness of DM patients regarding oral problems
linked to diabetes
Does DM cause the following oral
complications?
Mouth dryness
Delayed healing
Gingival bleeding during brushing
Mouth ulcers
Malodor
Tooth decay
Tooth loss
Oral fungal infections
Swollen or tender gingiva
Taste impairment

Yes n(%)

No n(%)

112 (46.7)
52 (21.7)
55 (22.9)
28 (11.7)
56 (23.3)
60 (25.0)
51 (21.3)
11 (4.6)
44 (18.3)
28 (11.7)

128 (53.3)
188 (78.3)
185 (77.1)
212 (88.3)
184 (76.7)
180 (75.0)
189 (78.8)
229 (95.4)
196 (81.7)
212 (88.3)

As presented in Table 5, DM patients rarely received
guidance from their health care professionals regarding
their oral health (28.3%). Additionally, over 60% of
the patients reported that clinicians failed to provide
information about the importance of oral examination
and oral care, tooth brushing, maintenance of optimal oral
health and interdental cleaning (Table 4).
Almost all DM patients informed their dentists
about their diabetes. Most of the patients stated that their
dentist should inform them about the importance of good
oral health on the management of DM. Also, the patients
agreed on the necessity of regular dental appointments and
stated that they would prefer to visit their dentist at the
same time as medical follow-up (Table 5).

Balk J Dent Med, Vol 22, 2018

Oral Complications in Diabetes Mellitus 141

Table 4. Awareness of DM patients and the source of their
information regarding the effect of oral health on diabetes
Aware of a negative effect of
oral health on diabetes

Yes n(%)

111 (46.3)

No n(%)

98 (40.8)

Missing data

31 (12.9)

Nurse/physician 8 (3.3)

If yes:

the source of this
information

Internet

8 (3.3)

TV

26 (10.8)

Dentist

54 (22.5)

Combined

6 (5.9)

Missing data

47 (19.6)

Table 5. The oral health care advices received by DM patients
and the patients attitutes towards dentists involvement in
DM care
Are you informed by the
health care provider that in
diabetic patients:

Yes n(%)

Missing
data
n(%)

68 (28.3)

7 (2.9)

146 (60.8)

85 (35.4)

9 (3.8)

163 (67.9)

68 (28.3)

9 (3.8)

162 (67.5)

68 (28.3)

10 (4.2)

189 (78.7)

40 (16.7)

11 (4.6)

14 (5.8)

222 (92.5)

4 (1.7)

22 (9.2)

210 (87.5)

8 (3.3)

28 (11.7)

205 (85.4)

7 (2.9)

19 (7.9)

203 (84.6) 18 (7.5)

No n(%)

Oral examination by a
165 (68.8)
dental professional is vital
Oral care and tooth
brushing is important
Regular visit to dentist is
a requirement
Gingival health status
shall be controlled
Use of dental floss is
essential
Did you tell your dentist
that you have diabetes
Should your dentist inform
you about the importance
of oral health on diabetes
management?
Should you have a dental
appointment during your
diabetes control?
If yes, would you
regulary attend to dental
appointments

The patients’ knowledge regarding the interaction
between DM and oral health was not associated with
tooth brushing habits (p=0.81), gender (p=0.58), monthly
income (p=0.34) and education (p=0.22). Dental flossing
and interproximal cleaning was more common among
females than males (p=0.01, p=0.01, respectively).
The patients with Type 1 and Type 2 DM provided
similar results with respect to their perception of their
oral health status (p=0.15). Additionally, the awareness
of the patients regarding the effect of DM on oral health
(p=0.13) and the effect of oral health on DM management
(p=0.052) were not significantly different.

DM management had significant influence on
some of patient responses. Most of the antidiabetic
using DM patients (53.38%) considered their oral health
as “moderate”, but among insulin using DM patients,
35.42% considered their oral health as “moderate”,
and the difference between the groups was significant
(p=0.01). On the other hand, most of the insulin users
(56.25%) described their oral health as “poor” whereas
this was observed in only 31.08% of oral antidiabetic
agent users (p=0.01), which could reflect severity of
disease and diabetic control and impact upon oral health.
Similarly, there were significant differences between the
oral antidiabetic and insulin users with respect to their
awareness about the effect of DM on oral health. Most of
the insulin users were aware of this influence (78%), but
this incidence was lower among oral antidiabetic agent
users (57%), (p=0.03). Of insulin users, 64% were aware
of the potential impact of oral health on DM management,
whereas this was observed in 41.33% of oral antidiabetic
agent users (p=0.02).
The highest portion of the missing replies were
observed in the questions regarding the management
of gingival bleeding during brushing (35%) and the
information about the effect of oral health on DM (19.6%).

Discussion
In the literature, previous studies have examined the
interaction between DM and oral health3,30,31. However, in
order to develop appropriate health care recommendations,
patient education and health care delivery to diabetic
patients, assessment of patient awareness level about the
oral manifestations of DM and related effects on oral health
are needed. Unfortunately, despite the development of
numerous questionnaires to assess the patients’ knowledge
on DM and related medical problems32,33 to the authors’
knowledge, there is no standard and validated questionnaire
to establish the patients’ awareness about the interaction
between DM patients’ oral health and their disease. Thus, as
done in previous research26-29 a questionnaire was developed
by the authors after thorough search of relevant published
reports in the literature and the knowledge/ awareness of
diabetic patients about their increased risk for oral diseases
were established in this study. Additionally, the sources of
information and oral hygiene habits of DM patients were
examined so that the general physicians, DM specialists,
nurses, patient educators and others may be aware of the
general practices of DM patients in their oral care.
Even though higher male predominance is reported
in the literature, the disease appears to be increasing in
females34, as observed in the present study. Our patients
were mostly middle-aged individuals, which parallels with
other reports1,35-37. Although several studies have reported
the prevalence of Type 2 DM as high as 90% of diabetic
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patients38,39   in the present study, 72% of the patients had
Type 2 DM, and this was within the range provided for the
global prevalence20,23,24,37,40. This wide variation among
the incidence of Type 2 DM has been attributed to the
ethnicity, lifestyle, demographic differences, obesity and
genetics of the patients and the socioeconomic status of
population studied3,37,38.
The same variability was observed within the oral
hygiene habits of DM patients in the literature. Oral
brushing frequency of our patients were comparable to the
other studies: most of the patients in this study brushed
once a day (65%); this frequency was within the range
of the literature, reported between 24.2% and 95.3%
22,23,25,26,41-44. Less DM patients brushed their teeth twice a
day (22.5%), and this was similar to others with frequency
ranging between 17%-38% 22,23,40,42,45 .
In some other reports, over 60% of diabetics brushed
their teeth twice a day25,26,43 . Over one third of our
patients never performed interproximal cleaning as a
routine dental practice, comparable with other studies of
DM populations 23,26,40,43 . Our patients mostly preferred
a tooth pick as an adjunct tool to clean the problematic
sites rather than for regular interdental cleaning.
Although using a tooth pick is not advised by some dental
practitioners, many diabetic patients continued on using it
as a cleaning tool22,42. Overall, reported dental floss and
interdental cleaning habits and oral rinse usage of our
patients were comparable to the literature23-26,40,42.
The frequency of DM patients who have regular
dental visits ranges widely20,22,23,25,29,40,45,46 . In our study,
only 12.9% of DM patients attended to dental controls
yearly, whereas 9.6% visited their dentists in every 6
months. The main reason for poor attendance to dental
clinics was the socioeconomic status of the patients,
i.e., the level of education and financial sources1,26,46-48
. The rates of our patients with regular dental visits were
comparable to that reported by others, ranging between
12.6% and 14% 23,24,40 . On the other hand, higher rates
of regular dental visits (up to 79.8%) are reported in other
countries1,20,26,41,42,45 . In the USA, the national health
objective aimed to increase the ratio of diabetic patients
who have annual dental check-ups up to 71% 40. Since
regular dental appointments of DM patients are essential
not only to provide early detection of diabetes related
oral complications, but also to eliminate any oro-dental
foci of pain and infection that may lead to difficulties in
metabolic control, the health authorities in developing
countries have included guidelines to comprise this issue
in their future health programs1.
Approximately 38% of our patients rated their oral
health as poor less than patient self-report (60%) in other
reports1,22. Patients’ attitudes regarding frequency of
brushing when they have observed bleeding after brushing
should also be investigated25. In our study, DM patients
did not know how to manage bleeding gums and even
though more than half reported bleeding during tooth
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brushing, only 5% preferred to go to a dentist for this
problem and 15% did not care about bleeding at all. In a
similar study, more patients (33.2%) visited their dentists
for bleeding during brushing22. It’s suggested that the
lack of awareness of the interaction between oral health
and DM may be a potential reason for patients not taking
action when this symptom is present.
Our patients’ knowledge regarding the interaction
between diabetes and oral health was not influenced by
the parameters assessed including age, tooth brushing
habits, gender, monthly income and education. On the
other hand, others report a positive impact of education
on their knowledge and awareness21,40 . Considering
that people may answer the questions to receive social
approval42 , this could have led to higher positive
responses from the undereducated patients in the present
study. Diabetics were more aware of their increased risk
for systemic complications associated with DM than they
were for oral and dental complications20,24,26,35,46 . As
reported in the literature1,20,21,24-26,35,41,49, our study also
revealed a lack of information about oral complications
of DM in one-third of diabetic patients. The most
reported oral complication was mouth dryness, as seen
in other studies25,26,29 . Our patients were less aware that
mouth ulcers, taste impairment and fungal infection
were additional oral complications of DM. Bowyer et
al. stated that fewer patients knew that delayed healing
in the mouth, swollen or tender gums and loose teeth may
be associated with diabetes26.Limited awareness of the
signs and impact of periodontal disease were recognized
in other DM populations17,23,25,35,40,50. Our patients’
awareness about DM related oral complications was
higher than awareness of oral health on the management
of DM (63% and 46%, respectively).
In the literature, DM patients have considered medical
practitioners, nurses and other health care providers
inefficient to provide information regarding the oral
complications of DM17,35, 51. Even though the numbers
varied among the studies, oral complications of DM were
explained by less than half of the medical health care
providers17,23,35 and about half informed the patients about
tooth brushing1,35 . Only up to 1/3 of DM patients were
guided to visit a dentist by a medical practitioner40. In our
study, nearly 90% of the patients thought that providing
the information about the impact of poor oral health on
DM management should be one of the tasks of a dental
professional, but only 34.6% of DM patients reported their
dentists as the source of their knowledge and dental visits of
our patients were infrequent, similar to other studies23,24,26.
Television programs were the second source of information
in the present study. Other sources such as the Internet,
magazines (10%-52%)22,23,40 and family/friends (55.3%)40
were also noted as sources of information. Even though our
results were in accordance with the literature, many patients
did not respond to this query.
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Although the type of DM was not associated with the
level of knowledge of our DM patients, the type of DM
management influenced the results. Insulin users were
more aware of the consequences of DM and oral health
interactions than those on oral antidiabetic medications.
Additionally, the same group was more likely to consider
their oral health as “poor” than the others. Previously,
diabetic subjects have estimated their overall oral health
to be poorer than nondiabetic controls1 . We found that
insulin users were more pessimistic about their oral health
among DM patients, likely reflecting the severity of DM.
Most of our DM patients agreed on the requirement
of dental appointments and suggested regular dental
evaluation at the time of medical visits. Unfortunately,
only 13% had regular dental visits. This suggests a lack
of appropriate oral health care knowledge and behavior
among diabetic patients in our sample.  
Longitudinal studies have demonstrated a bidirectional
relationship between glycaemic levels and periodontitis,
indicating that chronic periodontal infection can complicate
glycaemic control in DM patients, which, in turn, could
lead to more severe periodontal tissue destruction8,31,52-58
. Recently, Simpson et al. concluded in their meta-analysis
that there is no strong evidence to state that periodontal
disease treatment by scaling and root planning improves
DM management, suggesting periodontal status may more
closely reflect daily oral hygiene and systemic status31.
However, they also stressed that larger, well conducted and
clearly reported studies are required to assess the effect of
periodontal treatment on glycaemic control31.
The main limitation of the study is that DM patients
who participated in this study were admitted for routine
dental control and were not referred by their DM doctor.
This study therefore represents a selected population and
is not representative of all DM patients. Nevertheless, this
study does emphasize the need to develop the knowledge
and awareness in a high risk DM population. Additionally,
since the aim was to determine only the awareness of the
patients in this study, the clinical and radiographic findings
of these patients were not assessed. For this reason, we
were unable to comment on the effect of the oral health
status on the assessment of the treatment type of DM.
The limited knowledge of patients particularly in oral
hygiene on DM control indicates the need for improved
patient education. There are many reports in the literature
revealing the impact of nurses on the improvement of DM
care59-61. In addition to giving advice on dietary intake
and physical activity, weighing patients, and testing or
discussing blood glucose levels10 , nurses may advise
the patients to maintain proper oral health care habits to
control their disease. Provided that involvement of the
nurses in case management could improve rates of control
for hypertension, hyperglycemia, and hyperlipidemia62,
a similar approach is proposed to improve the awareness
of DM patients regarding the interaction of the oral care
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and DM, following appropriate education programs of the
nurses on this issue.
Within the limitations of the study, the results
revealed that DM patients were aware of oral
complications associated with DM; however they were
unaware of the effect of oral health on DM management.
According to the patients, medical health care providers
were not efficiently providing the necessary information
regarding these issues when compared to dentists.
Following dentists, television programs were the second
source of information.
A standard and validated questionnaire for patient
reported outcomes is required to assess the oral hygiene
habits and awareness of DM patients, regarding their
oral health and related consequences, especially on
the glycemic control. Training and advice about the
interaction between oral health and DM should be planned
by governmental organizations for medical and dental
health care professionals, DM patients, but particularly
for nurses who are willing to take more responsibility in
DM management59. Subsequently, health care providers
in primary and secondary settings may communicate with
DM patients about the oral manifestations of DM, and
provide information related to oral care (brushing teeth at
least two times daily, flossing at least once a day, visiting
a dentist twice a year). Additionally, they may also remind
the physicians about the annual dental control of DM
patients and notify about the urgency of a dental referral
when required.

Conclusions
DM patients’ awareness of the effect of DM on oral
health was higher than that of the effect of oral health on
DM management. Medical health care providers were
failing to provide the necessary information regarding
these issues when compared to dentists.
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Study of Internal Morphology of Root-Canal
Treated Single-Rooted Mandibular Second Molars in
a Greek Population
SUMMARY

Background/Aim: To determine the prevalence of single-rooted
mandibular second molars in a Greek population and examine their internal
morphology with the aid of intraoral periapical radiography. Material and
Methods: Clinical records of 531 root-canal treated permanent single-rooted
mandibular second molars were collected from the Postgraduate Clinic of
the Department of Endodontology, Dental School, Aristotle University of
Thessaloniki, Greece and from private dental clinics in the same city. The
clinical records, along with the radiographic examination, were evaluated to
determine the overall frequency of single-rooted mandibular second molars
together with the number of root canals and their course. The root canals
were categorized using Vertucci’s classification with the addition of 3 further
types where appropriate. Results: Out of 531 mandibular second molars;
102 (19.2%) presented a single root; 427 (80.4%) presented two roots; 2
(0.4%) presented three roots. In a total of 102 single-rooted mandibular
second molars 31 (30.3%) presented with Type I, 18 (17.6%) with Type II,
14 (13.7%) with Type IV, 7 (7%) with 3 additional root canal types and
32 (31.4%) with a C-shaped root canal system. Conclusions: One out five
mandibular second molars was single-rooted in a Greek population. The
internal morphology of these teeth can be very complex with regard to the
numbers and courses of root canals.
Key Words: Greek Population, Internal Morphology, Single-Rooted Mandibular Second Molar

Introduction
Knowing the morphology of the root canal system
and its possible permutations are important determinants
for the success rate of endodontic treatment1. A wide
variety of possibilities exists concerning the number
of roots and the forms of root canals in any given tooth
group.
Second mandibular molars present with varying
anatomic features regarding the number of roots and the
prevalence of different root canal configurations in each
root. The most frequent morphology of these teeth is the
two-rooted type, resembling the morphology of the first
mandibular molar, with an incidence of 57.4%- 95.7%2,3
with the three- and four-rooted variants being considered
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rare according to the literature: ranging from 0.4%9.0%3,4 and 0.2% - 0.9%3,5 respectively. Single-rooted
mandibular second molars show a remarkably wide range
of incidence, varying from 1.3% to 41.2%2,5 (Table 1).
Although a large number of studies have investigated
the morphology of second mandibular molars, there is
little information in the literature concerning the internal
morphology of single-rooted second mandibular molars.
A very limited number of studies in the extant literature
have investigated the possible root canal configurations of
single-rooted mandibular second molars2,4–8.
The aim of the present paper was to determine the
prevalence of single-rooted mandibular second molars in
a Greek population and to examine the number and course
of their root canals.
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Table 1. Number of Roots in Mandibular Second Molars in Different Populations.
Author (year)
Gulabivala et al 20016
Gulabivala et al 20027
Ahmed et al 20079
Peiris et al 200710
Rahimi et al 200811
Al-Qudah & Awawdeh 20098
Neelakantan et al 20104
Zhang et al 201112
Demirbuga et al 20135
Silva et al 201313
Nur et al 201414
Torres et al 201515
Torres et al 201515
Celikten et al 20163
Kim et al 20162
Akhlagi et al 201616

Population
Burmese
Thai
Sudanese
Sri Lankan
Iran
Jordanian
India
Chinese
Turkish
Brazilian
Turkish
Chilean
Belgian
Turkish Cypriot
Korean
Iran

Sample Size

1 Root (%)

2 Roots (%)

134
60
100
100
139
355
345
157
925
226
1165
112
112
421
1920
150

26.9
10.0
14.0
6.0
9.3
12.7
7.5
22.3
1.3
9.5
10.0
8.9
14.3
3.5
41.2
13.3

73.1
90.0
86.0
94.0
86.3
87.4
83.4
76.5
94.4
87.0
90.0
86.6
83.9
95.7
57.4
86.7

3 Roots (%)
4.3
9.0
1.2
3.5
3.5
3.6
0.9
0.4
0.7
-

4 Roots (%)
0.9
0.9
0.9
0.2
-

Material and Methods
A total of 531 cases of root-canal treated mandibular
second molars were collected. Of these cases, 182
originated from the Postgraduate Clinic of the Department
of Endodontology, Dental School, Aristotle University of
Thessaloniki, Greece over the period 2011-2016, and 349
from private dental clinics in the same city. The patients
were adult men and women of Greek nationality.
The patients’ case histories (clinical examination
and intraoral periapical radiographs) were reviewed by
the first three authors in order to record the prevalence
of single-rooted mandibular second molars. The different
root canal configurations of these teeth were categorized
according to the Vertucci’s classification17 together with
additional classes.

Results
On a total of 531 mandibular second molars:
●● 102 (19.2%) presented a single root;
●● 427 (80.4%) presented two roots;
●● 2 (0.4%) presented three roots;
Table 2. Different Root Canal Configurations in Single-Rooted
Mandibular Molars Recorded in the Present Study.

Total

Root Canal Type (%)
Vertucci’s Classification
Additional Types C-Shaped
I
II
IV
(1-1)
(2-1)
(2-2)
(2-3) (3-1) (3-2)

102
31
18
14
3
1
3
32
(100%) (30.3%) (17.6%) (13.7%) (3.0%) (1.0%) (3.0%) (31.4%)

Figure 1. Representative radiographs of the different canal
configurations of root-canal treated mandibular second molars.
Types: I (a), II (b), IV (c), 2-3 (d), 3-1 (e) and 3-2 (f).

Within a total of 102 single-rooted mandibular
second molars, the following variations in the root canal
number and course were recorded (Table 2):
●● 31 samples presented a single canal from the pulp
chamber to the apex (Figure 1a);
●● 18 samples presented with two separate canals
leaving the pulp chamber but joining to form one
canal by the apex (Figure 1b);
●● 14 samples presented two separate canals from the
pulp chamber to the apex (Figure 1c);
●● 3 samples with two separate canals from the pulp
chamber, one of which bifurcated, resulting in three
canals at the apex (Figure 1d);
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●● 1 tooth presented with three separate canals from the
pulp chamber, which, however, joined to form one to
the apex (Figure 1e);
●● 3 samples presented with three separate canals from
the pulp chamber, two of which joined to form two
canals at the apex (Figure 1f);
●● 32 samples presented a C-shaped canal system
(Figure 2a, b).

Figure 2. C-shaped mandibular second molar. Photo of the pulp chamber
floor (a), postoperative radiograph (b).

Discussion
The study of the information available in the
literature about single-rooted mandibular molars leads
to two basic observations. The first is that comparing the
findings of different studies (Table 1), the range of the
reported prevalence for these teeth is notably wide, with
a minimum of 1.3% and a maximum of 41.2%. This could
be attributed to the different methods of study, size of the
sample and nationalities. This varying prevalence between
different nationalities tends to increase in Chinese,
Burmese and Korean populations2,6,12. Comparing studies
in the literature to the findings of the present paper, the
prevalence of single-rooted mandibular molars in a Greek
population is slightly higher than the mean value of the
studies in the literature (13.2%).
The second observation concerns the internal
morphology of single-rooted mandibular second molars.
Some studies focus on the internal anatomy of tworooted mandibular second molars, presenting possible
canal configurations of the mesial and distal roots without
providing sufficient information about the number and
course of the root canals of the single-rooted variant9,10,15.
Other studies record the number of root canals in the
root system without supplying any information about
their relationship11–13. The findings of the present study
are comparable to the few studies that have investigated
the internal anatomy of single-rooted mandibular second
molars in detail. Four of these studies are ex-vivo and
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use the clearing technique to investigate the root and root
canal morphology4,6–8, whereas two are in-vivo conebeam computed tomography (CBCT) studies, which
analyzed a significantly larger sample2,5.
In the present study, the Vertucci root canal
classification was selected for the categorization of the teeth.
This stipulates eight basic types and is the most widely used
categorization system for the description of possible canal
configurations. In our study, Type I followed by types II and
IV exhibited the greatest prevalence. In the aforementioned
studies the most prevailing types were I and IV. Three
additional types, not specified in the Vertucci system were
also recorded in 7 teeth, which were also identified in four
of the previous studies4,6–8. Moreover, Types III, V, VI, VII,
VIII, 3-4, 4-2 and 5-4 are further variations which have
also been recorded in the literature2,4,6–8, underlining the
complexity of the possible root canal variants in singlerooted second mandibular molars.
C-shaped roots and root canals are anatomical
variations found mostly in mandibular second molars.
This term is used to describe the presence of a fin or
web between root canals which results in a C-shaped
canal cross-section18. In the present study, the presence
of a C-shaped root was also confirmed from the case
history recordings and the clinical diagnosis, since the
radiographic appearance of such teeth may be confusing.
For this reason, C-shaped teeth were not categorized in
terms of root canal types, as in the majority of the cases
the type of C-shaped root canals changes from the cervical
to the apical third19. A limitation of this study is that the
different cross-sectional root canal configurations cannot
be visualized from radiographs, but could have been
recorded with the CBCT technique.
C-shaped root canals are known to be common
in Asians, but relatively rare amongst Europeans and
Americans20. Specifically, a recent study evaluated
the prevalence of a C-shaped anatomy in different
geographic regions of the world, finding the highest
prevalence in China (44%) and the lowest in Brazil
(6.8%)21. The present paper reported 32 C-shaped teeth
out of 102 single-rooted mandibular second molars, which
corresponds to 6% of the whole sample of mandibular
second molars. This finding is compatible with another,
earlier study conducted under the auspices of the Aristotle
University Dental School in a Greek population, which
assessed 480 clinical records of root-canal treated
mandibular second molars and found a prevalence of 5%
regarding C-shaped canals in mandibular second molars22.
In summary, the findings of the present paper
underline the variations in root canal morphology of
single-rooted mandibular second molars. The reported
data may help clinicians consider the possibility of
encountering anatomical alterations in such teeth, in order
to enhance the success rate of endodontic treatments.
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Conclusions
One out five mandibular second molars was singlerooted in a Greek population. The internal morphology
of these teeth can be very complex with regard to the
numbers and courses of root canals.
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Morphometric Analysis of Greater Palatine Canal via
Cone-Beam Computed Tomography
SUMMARY
Background/Aim: The morphology of the greater palatine canal (GPC)
should be determined preoperatively to prevent possible complications in
surgical procedures required maxillary nerve block anesthesia and reduction
of descending palatine artery bleeding. The purpose of this investigation was
to evaluate the GPC morphology. Material and Methods: In this retrospective
cross-sectional study, cone-beam computed tomography images obtained for
various causes of 200 patients (females, 55%; males, 45%) age ranged between
18 and 86 (mean age±standard deviation=47±13.6) were examined. The mean
length, mean angles of the GPC and anatomic routes of the GPC were evaluated.
Results: The mean length of the GPC was found to be 31.07 mm and 32.01 mm
in sagittal and coronal sections, respectively. The mean angle of the GPC was
measured as 156.16° and 169.23° in sagittal and coronal sections. The mean
angle of the GPC with horizontal plane was measured as 113.76° in the sagittal
sections and 92.94° in the coronal sections. The mean GPC length was longer
in males than in females. Conclusions: The results of this study showed that the
most common pathway of the GPC was “first inferior, and then anterior-inferior
direction” in sagittal plane and “first medial-inferior, then inferior direction” in
coronal plane.
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Introduction
Knowledge of the greater palatine canal (GPC)
anatomy is very important for dentists, oral surgeons and
otolaryngologists. Some complications may occur during
several procedures such as local anesthesia in dental
implant placement, orthognathic and sinonasal surgery;
decreasing bleeding risk in osteotomy and fractures1-6.
The GPC connects the oral cavity and the pterygopalatine
fossa (PPF), contains descending palatine artery, minor
palatal nerve, major palatal nerve and its posterior inferior
lateral nasal branches1,7. Major and minor palatal nerves
emerge on the hard palate by their foramina8. Depositing
the anesthetic solution to the PPF via the major palatine
foramen (MPF) is the most common technique for
achievement of maxillary block. Injecting local anesthetic
solution into the GPC provides vasoconstriction for
endoscopic sinus surgery2. The achievement of infraorbital

1

Department of Dentomaxillofacial Radiology,
Pamukkale University Faculty of Dentistry,
Denizli, Turkey
2 Canakkale Dental Hospital, Çanakkale, Turkey
3 Department of Statistics, Gazi University
Faculty of Arts and Sciences,
Ankara, Turkey
4 Department of Dentomaxillofacial Radiology,
Gazi University Faculty of Dentistry,
Ankara, Turkey

nerve block provides maxillary regional anesthesia due to
the nerve located at the deep of the PPF2, 3, 6.
Maxillary nerve block anesthesia may cause many
complications such as the penetration of the orbital and
nasal cavities, proptosis, blindness depending on the
ophthalmic artery vasoconstriction, intracranial extension,
intravascular injection, nasopharynx penetration, neural
tissue damage and lack of anesthesia3, 9. Knowledge of
the anatomy, the mean length and angle of the GPC play
important roles during these procedures. The anatomical
structure of the GPC can be determined by cone-beam
computed tomography (CBCT)10. On the other hand,
clinicians’ knowledge of the GPC’s mean length and angle
might be useful before the surgical procedures10.
To our best knowledge, there are only three
published articles about the GPC morphology imaging
with CBCT, and no published article with previous work
conducted in the Turkish population.
The aim of this retrospective study was to determine
the length, angle and the pathways of the GPC.
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Material and Methods
The protocol of this study was approved by Ankara
University’s Faculty of Dentistry Clinical Research Ethics
Committee (2014/36290600-109) and written informed
consent was obtained from all patients. This study
followed the Declaration of Helsinki on medical protocol.
In total 200 CBCT images which were obtained between
January 2012 and August 2012 at our Radiology Clinic,
retrospectively. All evaluations were conducted by a
dentomaxillofacial radiologist, approximately 50 cm away
from the screen. Thirty percent of radiographic images
were reexamined one month later by the same observer
for intraobserver agreement.
Inclusion criteria of the study was as follows:
patients older than 18 years, no artifacts in the maxillary
region which would affect the quality of the image and
without any pathology in the maxillary region11.
The adequacy of the sample size was statistically
analyzed with power analysis and the sample size was
found to be adequate (Power value = 0.958).
CBCT images were obtained by ProMax 3D Mid
(Planmeca Oy, Helsinki, Finland) using these exposure
parameters: 90 kVp, 12 mA, scanning time of 13.85
seconds and 0.4 mm voxel size. The field of views
(FOVs) used were 20×10 and 20×17 cm. Scanning was
performed by fixing the patient’s jaw and head support
apparatus while the patient was standing. Images were
examined in 24-inch Philips medical monitor with
NVDIA Quadro FX 380 graphics card and 1920×1080pixel resolution by using the original programme,
Romexis® 2.7.0. (Planmeca Oy, Helsinki, Finland).
Patients’ age and sex were recorded.

Measurements
“On the axial view, the long axis of the incisive
canal and the internal occipital protuberance were made
parallel to sagittal plane and this axial section was chosen
as the reference view for reconstruction of the sagittal and
the coronal slices. The coronal and sagittal images were
reconstructed as 0.4 mm slice interval/thickness. The
measurements were established on the central sagittal
and coronal section of the incisive canal and the internal
occipital protuberance.
In sagittal sections, the superior limit of the GPC was
determined as anterior-inferior point of foramen rotundum
(FR); inferior limit was identified as hard palate projection
of the MPF10. In coronal sections, the superior limit of the
GPC was determined as the medial-inferior point of FR,
inferior limit was identified as hard palate projection of
the MPF12. The GPC length (Figure 1) and angle (Figure
2) were measured from the canal elbow in both sagittal and
coronal sections10. The angle between the inferior part of
the GPC and horizontal line (Figure 3) was measured from
the canal elbow in both sagittal and coronal sections13.
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Anatomic pathways of the GPC were classified
in sagittal sections (Figure 4) as described by HowardSwirzinski et al.10:

Figure 1. Measurements of the length of the GPC in sagittal (A) and
coronal (B) sections. Elbow of the GPC was displayed by arrows.

Figure 2. Measurements of the angle of the GPC in sagittal (A) and
coronal (B) sections. Elbow of the GPC was displayed by arrow.

Figure 3. Measurements of the angle of the GPC with horizontal plane in
sagittal (A) and coronal (B) sections.

Figure 4. The GPC pathway classifications in sagittal sections. Class
1: “first inferior, then anterior-inferior direction”; Class 2: “direct
anterior-inferior direction”; Class 3: “first posterior-inferior, then
anterior-inferior direction”.

●● Class 1: “first inferior, then anterior-inferior direction”
●● Class 2: “direct anterior-inferior direction”
●● Class 3: “first posterior-inferior, then anterior-inferior
direction”
Anatomic pathways of the GPC were classified in
coronal sections (Figure 5) as described by HowardSwirzinski et al.10:
●● Class a: “direct inferior direction”
●● Class b: “first medial-inferior, then inferior direction”
●● Class c: “first inferior, then medial-inferior direction”
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Figure 5. The GPC pathway classifications in coronal sections. Class a:
“direct inferior direction”; Class b: “first medial-inferior, then inferior
direction”; Class c: “first inferior, then medial-inferior direction”.

All variables were examined in the right and left
sides, respectively.

Statistical analysis
Data were statistically analyzed by using SPSS for
Windows software version 19.0 (SPSS Inc., Chicago, IL,
USA). The relationship between categorical variables
were statistically analysed with chi-square test and
t-test and ANOVA were used for comparison of the
mean measurements. According to ANOVA test, when
presence of the difference between the groups, a Scheffe
multiple comparison test was performed to determine
which groups are different from each other. The length
and angle measurements; standard deviation, minimum
and maximum values 
were calculated with descriptive
analysis. Right and left measurements were compared for
symmetry analysis. After determining the average around

the age distribution is symmetric, patients included in
this study were divided into three groups: 18-40 years old
(N=62, 31%), 41-50 years old (N=59, 29.5%) and 51-86
years old (N=79, 39.5%). All analyzes were performed at
the 95% confidence interval.

Results
In total 200 patients aged between 18-86 years
old (mean age ± standard deviation: 47.2 ± 13.6) and
consisted of 90 male (45%) and 110 female (55%)
patients were included in the study. A total of 400 canal
morphologies were evaluated.

Length and angle measurements of the GPC

The mean lengths of 400 GPC were found to be
31.07 mm and 32.01 mm in sagittal and coronal planes,
respectively. The mean angles of GPC were found to be
156.15° and 169.23°, and also the mean angles of the
GPC with horizontal plane were 113.76° and 92.94°in
sagittal and coronal planes, respectively. The statistically
significant difference (p<0.05) was found between right
and left sides in the angle of the GPC with horizontal
plane. The mean right angles of this parameter were
higher than left angles. No statistically significant
difference was detected between the other measurements
of right and left sides. Details are shown in Table 1.

Table 1. Statistical analyses and comparisons of the right and left GPC measurements
Measurements

Side

Mean

SD

Minimum

Maximum

The GPC length (sagittal)
(mm)

Right

31.20

3.21

24.30

43.13

Left

30.94

3.15

23.59

41.40

The GPC length (coronal)
(mm)

Right

32.03

3.00

24.81

40.69

Left

31.99

2.92

24.63

40.00

Angle of the GPC
(sagittal) (°)

Right

155.96

9.40

126.11

180.00

Left

156.35

8.43

138.16

177.00

Angle of the GPC with
horizontal plane
(sagittal) (°)

Right

113.95

5.50

95.00

132.74

Left

113.57

5.73

97.22

133.00

Angle of the GPC
(coronal) (°)

Right

169.68

8.24

146.72

180.00

Left

168.79

9.07

142.88

180.00

Angle of the GPC with
horizontal plane
(coronal) (°)

Right

93.87

5.06

85.00

113.20

Left

92.01

3.98

79.92

116.06

t

P value

1.96

0.06

0.36

0.72

-0.61

0.54

1.15

0.25

1.49

0.14

4.96

0.00*

*Statistically significant at p<0.05 level. GPC: Greater palatine canal. SD: Standart deviation

There was a statistically significant difference
(p<0.05) between females and males for the GPC length.
The mean length of the GPC was longer in males than
in females. No significant difference (p>0.05) between

females and males was detected for angle measurements
(Table 2). Furthermore, no significant measurement
difference (p>0.05) was found between the age groups
(Table 3).
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Table 2. Comparison of the measurements by gender (SD: Standard deviation)
Measurements

Side

Gender
Female

Right
The GPC length (sagittal) (mm)

Male
Female

Left

Male
Female

Right
The GPC length (coronal) (mm)

Male
Female

Left

Male
Female

Right
Angle of the GPC
(sagittal) (°)

Male
Female

Left

Male
Female

Angle of the GPC with horizontal
plane
(sagittal) (°)

Right

Male
Female

Left

Male
Female

Right
Angle of the GPC
(coronal) (°)

Male
Female

Left

Male
Female

Angle of the GPC with horizontal
plane
(coronal) (°)

Right

Male
Female

Left

N

Mean

SD

110

29.66

2.36

90

33.09

3.11

110

29.40

2.60

90

32.83

2.72

110

30.57

2.51

90

33.82

2.56

110

30.55

2.60

90

33.75

2.26

110

155.81

10.31

90

156.15

8.20

110

156.04

8.62

90

156.73

8.23

110

113.52

5.57

90

114.46

5.41

110

113.58

5.75

90

113.55

5.73

110

170.29

8.05

90

168.93

8.45

110

169.35

8.96

90

168.11

9.20

110

93.95

4.76

90

93.78

5.43

110

91.64

3.41

Male
90
92.47
*Statistically significant at p<0.05 level. GPC: Greater palatine canal. SD: Standart deviation

4.56

t

P value

-8.62

0.00*

-9.08

0.00*

-9.01

0.00*

-9.20

0.00*

-0.26

0.80

-0.57

0.57

-1.20

0.23

0.03

0.97

1.16

0.25

0.96

0.34

0.26

0.80

-1.47

0.14

154 Melih Özdede et al.

Balk J Dent Med, Vol 22, 2018

Table 3. Comparison of the measurements by the age groups (SD: Standard deviation)
Measurements

Side
Right

The GPC length (sagittal)
(mm)

Left

Right

The GPC length (coronal)
(mm)

Left

Right

Angle of the GPC
(sagittal) (°)

Left

Angle of the GPC with
horizontal plane
(sagittal) (°)

Right

Left

Right

Angle of the GPC
(coronal) (°)

Left

Angle of the GPC with horizontal plane
(coronal) (°)

Right

Left

Age groups
18-40 years old
41-50 years old
51-86 years old
18-40 years old
41-50 years old
51-86 years old
18-40 years old
41-50 years old
51-86 years old
18-40 years old
41-50 years old
51-86 years old
18-40 years old
41-50 years old
51-86 years old
18-40 years old
41-50 years old
51-86 years old
18-40 years old
41-50 years old
51-86 years old
18-40 years old
41-50 years old
51-86 years old
18-40 years old
41-50 years old
51-86 years old
18-40 years old
41-50 years old
51-86 years old
18-40 years old
41-50 years old
51-86 years old
18-40 years old
41-50 years old
51-86 years old

N
62
59
79
62
59
79
62
59
79
62
59
79
62
59
79
62
59
79
62
59
79
62
59
79
62
59
79
62
59
79
62
59
79
62
59
79

Mean
31.04
30.90
31.55
30.92
30.49
31.29
31.88
31.61
32.47
31.90
31.61
32.34
154.66
156.31
156.72
155.74
155.89
157.18
114.96
112.60
114.15
114.26
112.65
113.70
169.61
169.25
170.05
168.70
168.81
168.85
93.68
94.16
93.80
91.79
92.11
92.10

SD
3.41
3.13
3.12
3.68
3.03
2.77
2.93
3.14
2.93
3.08
3.06
2.69
7.32
10.68
9.83
8.73
8.51
8.18
5.73
5.65
5.06
5.77
5.53
5.82
8.56
8.54
7.83
8.81
9.78
8.82
4.49
5.43
5.25
3.86
3.51
4.41

F

P value

0.82

0.44

1.08

0.34

1.53

0.22

1.11

0.33

0.89

0.41

0.63

0.53

2.95

0.06

1.23

0.29

0.16

0.85

0.01

0.99

0.15

0.86

0.13

0.87

GPC: Greater palatine canal. SD: Standart deviation

Classification of the GPC

Pathways of the GPC in the sagittal and coronal planes are shown in Table 4. The most common pathway of the
GPC was Class 1 (72.25%, N=289) in the sagittal plane and Class b (57%, N=228) in the coronal plane.
Table 4. The distribution of the GPC pathways in sagittal and coronal plane

Sagittal Coronal

Right GPC
Class
N
1
138
2
40
3
22
a
58
b
110
c
32
Total
200
GPC: Greater palatine canal.

%
69.0
20.0
11.0
29.0
55.0
16.0
100.0

Left GPC
N
151
34
15
68
118
14
200

%
75.5
17.0
7.5
34.0
59.0
7.0
100.0

Total
N
289
74
37
126
228
46
400

%
72.25
18.5
9.25
31.50
57.00
11.50
100.0
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Class 1 was the most common pathway of all the age
groups in sagittal plane. Class b was the most common
pathway of the all age groups in coronal plane.
No statistically significant difference was found
between the genders for the classification of the right and
left GPC in sagittal plane (p>0.05). The most common
pathway of the right GPC was found to be Class 1 in both
females (68.2%) and males (70%). The most common
pathway of the left GPC was Class 1 in both females
(80%) and males (70%).
No statistically significant difference was found
between the genders for the classification of right and
left GPC in coronal plane (p>0.05). The most common
pathway of right GPC was found to be Class 1 in both
females (54.5%) and males (55.6%). The most common
pathway of left GPC was found to be Class 1 in both
females (57.3%) and males (61.1%).

Discussion
The anatomical structure of craniofacial complex
depends on various factors such as age, gender and race;
its symmetry may vary from individual to individual. Head
and zygomatic arch sizes of females have been reported
as smaller than in males. Midsagittal curvature, top third
of the face, nose, eyes and palate has been shown to be
statistically different between females and males14-16.
In the literature, the length and anatomic pathways of
the GPC have been investigated with cadaver, computed
tomography (CT) and CBCT studies for different
populations5, 10, 17. In the previous studies, the mean
length of the GPC was found to be between 29-40 mm;
the mean angle of the GPC (sagittal plane) was found
to be between 148°-160°; the mean angle of the GPC
(sagittal plane) with horizontal plane was found to be
between 112°-122° 2, 5, 10, 12, 14, 19, 20.
The superior limit of the GPC was selected as
different anatomical points -such as FR, orbital floor,
foramen sphenopalatine, infraorbital fissure, pterygoid
canal- by different authors2, 5, 10, 12, 13, 18, 19. The anesthetic
solution must be deposited to the FR level of the
maxillary nerve for an efficacious anesthesia5. Thus, the
FR was selected as the superior limit of the GPC.
To our best knowledge, there are only two published
articles about the GPC length via CBCT10, 12. HowardSwirzinski et al. evaluated the length of the GPC in
sagittal sections of 500 patients. Superior limit of the
GPC was selected as pterygoid canal and the mean length
of the GPC was found to be 29 mm±3 mm10. Sheikhi et
al. examined the length of the GPC in sagittal sections of
138 patients. The superior limit of the GPC was selected
as pterygoid canal and the mean length was recorded
as 31.8 mm, no statistically significant difference was
found between three age groups (18-24 age, 25-40 age,
41 and over age). The results of our study were different

Greater Palatine Canal 155

from other CBCT studies. Different results may have
arisen from radiological methods, the choice’s superior
limit of GPC, sample size, age groups and various ethnic
characteristics2, 20. In accordance with previous studies,
the length of the GPC was found to be shorter in females
than in males12, 17, 18.
In this study, the mean angles of the GPC were found
to be 156° and 169° for sagittal and coronal sections,
respectively. These results were compatible with the
previous studies10, 13.
The anatomic pathways of the GPC have been
classified by different investigators and methods. In clinical
practice, injection from the MPF to the PPF might be
difficult, because of the anatomical variations, especially
in coronal plane10. Wang et al. studied 100 dried skulls and
reported that the long axis of the GPC opened to the oral
cavity 90.5% anteriorly and 9.5% vertically21.
In this study, the anatomical pathways of the GPC
were classified as similar with Howard-Swirzinski’s
study10. The GPC travelled most frequently (72.3%) in
first inferior, than anterior-inferior direction in sagittal
plane, it travelled most commonly (57%) in first medialinferior, than inferior direction in coronal plane. Our
results for the sagittal plane were compatible with
Sheikhi’s study12, conversely Howard-Swirzinski’s10.
On the other hand, our results for coronal plane were
not consistent with the previous studies10, 12. These
differences may be explained by the selection of different
superior limits of the GPC. No statistically significant
difference was detected between genders and age groups
for the GPC types.
This study presents a number of limitations. We
investigated and classified the GPC morphology in
sagittal and coronal planes, not in three-dimensional
classification. Another limitation of the study is the lack
of palatal soft tissue thickness measurements due to
CBCT’s deficiency in the soft tissue imaging. Therefore,
the thickness of the palatal mucosa must be added to the
distance of the injection depth5.
In conclusion; the mean GPC lengths were
longer in males than in females and it was found to be
approximately 31-32 mm. The mean angles of GPC were
measured as 156° and 169°, and also its mean angles with
horizontal plane were 114° and 93° in sagittal and coronal
planes, respectively. The most common pathway of the
GPC was “first inferior, then anterior-inferior direction”
in sagittal plane and “first medial-inferior, then inferior
direction” in coronal plane.

Conclusions
The results of this study showed that the most
common pathway of the GPC was “first inferior, and then
anterior-inferior direction” in sagittal plane and “first
medial-inferior, then inferior direction” in coronal plane.
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Electromyographic Activity Changes of Jaw-Closing
Muscles in Patients with Different Occlusion Schemes
after Fixed Prosthetic Restoration
Evangelos Ximinis1, Dimitrios Tortopidis2

SUMMARY

Background/Aim: To investigate the electromyographic (EMG)
activity changes of jaw-closing muscles in patients with different occlusion
schemes and posterior edentulous span, after the placement of teethsupported fixed partial denture (FPD). Material and Methods: The study
sample consisted of 20 patients (10 men and 10 women, the mean age
being 50 years) with a posterior edentulous area that includes two missing
premolars or one premolar and one molar. The participants were divided
into two groups with different occlusion schemes: canine-guided occlusion
(CGO) and group function occlusion (GFO). The metal-ceramic FPD were
fabricated according to the clinic-standardized protocol. EMG activities
of masseter and anterior temporalis patients’ muscles were recorded
with bipolar surface electrodes during maximal voluntary clenching.
EMG evaluation was repeated twice: (T1) before the fabrication of FPD
(T2) after eight weeks of FPD cementation and intraoral functioning of
restoration. The data were subjected to Analysis of Variance–ANOVA
within the methodological framework of the General Linear Models with
Repeated Measures. The Bonferroni test was used to compare multiple
mean measures. Statistical analysis was conducted with SPSS ver. 11.5.
The level of significance was predefined at a=0.05. Results: Group 1 with
CGO presented significantly higher levels of masseter (mean maximum
EMG average before 79.36μV and 139.68μV after) and temporalis (mean
maximum EMG average before 79.07μV and 149.37μV after) EMG activity
after FPD placement. Group 2 with GFO also showed significantly higher
levels of masseter (mean maximum EMG average before 61.57μV and
165.30μV after) and temporalis (mean maximum EMG average before
56.94μV and 133.08μV after) EMG activity after the prosthetic restoration.
Conclusions: It may be concluded that fixed prosthetic restoration, in
both patients with canine-guided and group function occlusion, results in
increased EMG jaw-muscle activity.
Key words: Electromyography, Masseter, Temporalis Anterior, Occlusion Schemes, Fixed
Prosthetic Restoration.

Introduction
It has been reported that masticatory function is
dependent on the state of the dentition, particularly on
the number of posterior occlusal contacts, the type of
dental prosthesis replacing missing teeth and the jaw-
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closing muscles’ recruitment and function1,2. The number
of occluding teeth and the periodontal receptors provide
positive feedback to the jaw-closing muscles during
mastication and, therefore, loss of posterior teeth may lead
to a reduction in masticatory efficiency and in the overall
level of muscle activity3,4,5.
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Surface electromyography (EMG) has become
an important research tool for analysis the function
and dysfunction of jaw-closing muscles during rest,
biting and mastication, because it captures information
about the electrical potentials of these muscles6. In
addition, surface EMG has been used for investigating
sleep or waking-state oral parafunctional activity (i.e.
bruxism)7, muscle function and dysfunction in patients
with Temporomandibular disorders (TMD)8,9,10 and the
maintenance of posture11. Moreover, surface EMG has
proven to be a valuable method for studying the influence
of occlusal conditions on jaw-muscle activity2,12, the
influence of occlusion scheme on a patient’s masticatory
system physiology and the effectiveness of various
prosthetic treatment interventions13,14,15. It has been
postulated that an increase in working-side posterior tooth
contact is associated with an increase in total jaw-closing
muscle activity and the magnitude of EMG activity16.
Previous studies have evaluated the effect of different
occlusion schemes such as canine-guided occlusion
(CGO) and group function occlusion (GFO) on muscle
activities by masticatory muscle EMG measurements,
however the results were inconclusive14,17,18. CGO was
defined as “a mutually protected articulation, in which
the horizontal and vertical overlap of the canine teeth
disclude the posterior teeth in the excursive movements of
the mandible”19. On the other hand, GFO was described
as “the existence of multiple contact relations between
the maxillary and mandibular teeth in lateral movement
on the working side”19. There is no sufficient scientific
evidence to suggest that a CGO is better or worse than
a GFO, either from a functional or from an EMG point
of view17,20. It seems that jaw-closing muscles were
influenced by the occlusion scheme in a different way,
with the anterior temporalis muscle being the most
affected20.
Thus, the aim of the present study was to investigate
the EMG activity changes of jaw-closing muscles in
patients with different occlusion schemes and posterior
edentulous span, after the placement of teeth-supported
fixed partial denture (FPD).

Material and Methods
Study sample
Twenty volunteers (20 men and 20 women, the
mean age being 50±3.5years) having reported 2 missing
posterior teeth in one sextant (two premolars or one
premolar and one molar) as their main complaint to the
Clinic of Fixed Prosthesis and Implant Prosthodontics,
School of Dentistry, Aristotle University of Thessaloniki,
were selected to participate in this study. The inclusion
criteria were: a history of good health and age between
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25 and 60 years; unilateral absence of two posterior
missing teeth with an edentulous span being defined
by terminal teeth; absence of painful dental problems
and periodontal disease; Class I Angle’s classification
of occlusion relationship; and CGO or GFO occlusion
scheme. In contrast, the exclusion criteria were: no signs
and symptoms of TND or recent occlusal splint therapy;
no parafunctional habits and no skeletal malocclusions.
The participants were divided into two groups: Group 1,
consisting of ten patients, presented a canine guidance
occlusal pattern (CGO) and Group 2, made up of the
other ten patients, presented a group function occlusal
(GFO) pattern. All participants provided written informed
consent for the study, which was approved by the Ethical
Committee of Aristotle University of Thessaloniki’s
School of Dentistry and observed the guidelines in
accordance with the Declaration of Helsinki.

Experimental protocol

All patients underwent thorough clinical examination,
and the medical and dental history of their dental and
periodontal status was taken. The metal-ceramic 4 or 5-unit
FPDs were fabricated in accordance with the restorative
procedures of the clinic-standardized protocol applied
by the Aristotle University of Thessaloniki, School of
Dentistry, Fixed Prosthesis and Implant Prosthodontics
clinic 21,22,23. The fixed prosthetic restorations were
provisionally cemented for a week for an intraoral
inspection before permanent cementation. The number
and position of patients’ anterior and posterior occlusal
contact sites were recorded in the maximum intercuspation
position, before and after the placement of FPD, by using
both 40μm-thick articulating paper (Bausch articulating
papers, Inc. Nashua, NH 03060, USA) and 8μ metal-foil
Shimstocks (Hanel, Roeko, D-89122 Langenau, Germany).
Electromyographic
(EMG)
recordings
were
obtained from the left and right masseter and anterior
temporalis muscle bilaterally using surface bipolar, selfadhesive and pre-gelled electrodes (FIAT Spa, Torino,
Italy) with an inter-electrode distance of 20mm. Bipolar
electrode configuration was used in every case, with a
ground electrode being placed below the earlobe. For
the purpose of recording EMG activity of the superficial
masseter muscle, the electrodes were placed parallel to the
exocanthion-gonion line over the lower anterior part of the
main belly of the muscle determined by palpation24,25,26.
For the anterior temporalis, the electrodes were positioned
vertically about 1cm above the zygomatic arch and 1.5cm
behind the orbital oris24,25,27. A detailed description of the
method is given in a previous study26. EMG evaluation
was repeated twice: (T1) before the fabrication of FPD
and (T2) eight weeks after permanent cementation and
intraoral functioning of FPD .
The EMG recording instrument (MyotronicsNoromed, Inc., Seattle, WA, USA) consisted of an
isolated preamplifier with an input impedance>100MΩ,
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a differential main amplifier and computerized integrated
system K6-I (K6-1/EMG hardware and software for eight
channel surface EMG) connected to a compatible PC
computer for data storage and analysis.
The participants were seated upright in a dental chair
with the Frankford plane parallel to the floor in a specially
modified clinic. Each subject was asked to clench as
hard as possible on 9mm cotton rolls placed between
the maxillary and mandibular posterior teeth at least 3
times for about 3s. EMG measurements during subject’s
maximum voluntary clenching were performed by a single
operator who was blind to the patient’s group.
In each EMG recording the variables examined were
the peak and the average EMG activity of the muscles
in each of the three clenches at maximum voluntary
contraction. The data (EMG peak and average from the
four tested muscles) processed for statistical analysis
were the mean of the three values obtained from the
three clenches for the masseter and temporalis muscles
corresponding to the side with FPD placement (PeakM-P, Average-M-P, Peak-T-P, Average-T-P), and the mean
value of the three clenches for the masseter and temporalis
muscles corresponding to the opposing side with natural
dentition (Peak-M-N, Average-M-N, Peak-T-N, AverageT-N). The side having received the fixed dental prosthesis
appears as P, while the opposing side with natural dentition
appears as N. These constituted the comparable data on the
EMG recordings resulting from the three EMG recordings
of each patient, in two different sessions (T1, T2).

Results

Statistical method

* P-value for between groups’ comparisons
+ P-value for within groups’ comparisons

The experimental design is considered to be mixed
factorial with one factor between subjects and one factor
within subjects, as far as the parameters of EMG activity
(peak and average) of the jaw-closing muscles are
concerned (masseter and temporalis muscles for the side
with fixed dental prosthesis (P) and for the opposing side
with natural teeth (N)).
The two-level occlusion scheme (canine-guided
occlusion (CGO) and group function occlusion (GFO))
constituted the “between” factor, while the two-level time
factor ((T1) before the fabrication of FPD and (T2) after
eight weeks of FPD cementation and intraoral functioning
of restoration) constituted the “within” factor. The
experimental data were subjected to Analysis of Variance
(ANOVA) within the methodological framework of the
General Linear Model with Repeated Measures. The
Bonferroni test was applied for multiple comparisons of
mean values and contrasts.
Testing the homogeneity of both groups of patients in
terms of age and EMG activity of the masseter and anterior
temporalis muscles at the first time point (T1), before the
application of the FPD, was conducted using t-test.
Statistical analyses were conducted using SPSS
software v.11.5. The level of significance was predefined
at a=0.05.

The results of the EMG recordings of the masseter
and anterior temporalis muscle, and specifically the mean
value of peak and average for the side where the FPD
was placed (P), as well as for the opposing side (N), for
both groups (CGO and GFO) and for two time points of
recordings (T1 and T2), are presented below. The level of
significance was predefined at a=0.05.
Mean maximum EMG Peak and Average (and
Standard error-SE) of the masseter muscle (on the P-side
with missing teeth, before and after FPD placement) for
both groups (CGO and GFO) are shown in Table 1. A
statistically significant difference in mean EMG activity
(peak and average) was found for the masseter muscle in
two groups (CGO and GFO) between T1-T2.
Table 1. Presents the mean maximum EMG Peak &
Average (μV) and Standard error (SE) of the masseter muscle
for the P-side with missing teeth before (T1) and after FPD
placement (T2) for both groups (CGO and GFO)
Occlusion
CGO
GFO
P*

EMG peak
EMG average
T1
T2
T1
T2
P+
P+
154.57 239.82
79.36 139.68
0.002
<0.001
±25.32 ±32.74
±13.20 ±21.44
123.00 307.05
61.57 165.30
<0.001
<0.001
±25.32 ±32.74
±13.20 ±21.44
0.330
0.164
0.353 0.409

Mean maximum EMG Peak and Average (and
Standard error-SE) of the masseter muscle (on the N-side
without missing teeth, before and after FPD placement)
for both groups (CGO and GFO) are shown in Table 2.
A significantly higher mean EMG activity (peak and
average) of the N-side of the masseter muscle was found
after the fixed prosthetic restoration in both groups (CGO
and GFO).
Table 2. Presents the mean maximum EMG Peak & Average
(μV) and Standard error (SE) of the masseter muscle for the Nside without missing teeth before (T1) and after FPD placement
(T2) for both groups (CGO and GFO)
Occlusion
CGO
GFO
P*

EMG peak
EMG average
T1
T2
T1
T2
P+
P+
169.20 239.90
93.82 167.22
0.011
<0.001
±29.05 ±32.75
±18.31 ±22.56
136.00 307.10
73.35 138.82
<0.001
0.001
±29.05 ±32.75
±18.31 ±22.56
0.430
0.164
0.440 0.385

* P-value for between groups’ comparisons
+ P-value for within groups’ comparisons
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Mean maximum EMG Peak and Average (and
Standard error-SE) of the anterior temporalis muscle
(on the P-side with missing teeth, between T1-T2) for
both groups (CGO and GFO) are presented in Table 3.
A statistically significant difference was reported in
the EMG activity (peak & average) of the P-side of the
temporalis muscle in the CGO and GFO groups, between
T1-T2.
Table 3. Presents the mean maximum EMG Peak & Average
(μV) and Standard error (SE) of the anterior temporalis muscle
for the P-side with missing teeth before (T1) and after FPD
placement (T2) for both groups (CGO and GFO)
EMG peak
EMG average
T1
T2
T1
T2
P+
P+
146.48 270.38
79.07
149.37
CGO
0.001
<0.001
±25.94 ±30.74
±13.65 ±19.40  
115.76 234.14
56.94
133.08
GFO
<0.001
<0.001
±25.94 ±30.74
±13.65 ±19.40
0.413 0.416
0.267
0.560
P*
* P-value for between groups’ comparisons
+ P-value for within groups’ comparisons
Occlusion

Mean maximum EMG Peak and Average (and
Standard error-SE) of the anterior temporalis muscle (on
the N-side without missing teeth, before and after FPD
placement) for both groups (CGO and GFO) are presented
in Table 4. A significantly higher mean EMG activity
(peak and average) of the N-side of the anterior temporalis
muscle was found after the fixed prosthetic restoration in
both groups (CGO & GFO).  
Table 4. Presents the mean maximum EMG Peak & Average
(μV) and Standard error (SE) of the anterior temporalis muscle
for the N-side without missing teeth before (T1) and after FPD
placement (T2) for both groups (CGO and GFO)
EMG peak
EMG average
T1
T2
T1
T2
P+
P+
131.30 250.43 0.004 72.06 142.65 <0.001
CGO
±20.45 ±31.24
±12.22 ±19.61  
116.80 195.84 0.010 68.77 111.14 0.010
GFO
±20.45 ±31.24
±12.22 ±19.61
0.622 0.233
0.851
0.271
P*
* P-value for between groups’ comparisons
+ P-value for within groups’ comparisons
Occlusion

Discussion
In the current investigation, masseter and anterior
temporalis EMG activity changes in patients with
different occlusion schemes were analyzed and compared,
after fixed prosthetic restoration of their posterior
unilateral edentulous span. The findings of the present
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study have shown that there was a significant increase in
the EMG activity of the masseter and anterior temporalis
muscles eight weeks after the completion of teethsupported FPD in both groups (Group 1 with CGO and
Group 2 with GFO) (Tables 1, 2, 3, 4).                                                     
Surface EMG is a simple, non-invasive, sensitive
method for the analysis of jaw-closing muscle function
before and after various dental treatment interventions;
for this reason prosthodontics, orthodontics and
oral physiology have been the main fields of EMG
application6,15,28,29. The masseter and anterior temporalis
muscles have been the most examined masticatory
muscles because of their ease of accessibility to surfaceelectrode recordings30,31. EMG measurement reliability
was found to be dependent on various factors such as
electrode type and location, impedance of the skin,
subcutaneous fat and depth of the muscle under study6,8,32.
However, the use of standardized and repeatable
protocols eliminates such factors and makes EMG signals
measurement reliable as well as clinically useful33,34.
In regard to EMG muscle recording, a static analysis,
such as maximum voluntary clench on cotton rolls, was
proffered in the present study as it represents the simplest
and best described oral task. It has been suggested that
with this mouth opening space, an ideal sarcomere length
of 3μm is provided for the maximal force of muscle
contraction35,36, although other studies report the figure
to be 2.27 – 2.55μm37. Additionally, it has been reported
that a patient’s masseter and temporalis muscles contract
similarly when clenching either with cotton rolls or in the
maximum intercuspation position38,39.
The association of surface EMG activity and occlusion
alterations has been reported in several studies, however
heterogeneous data emerge from the literature12,40,41.
A modification in the occlusion parameters and pattern
may indicate changes in surface EMG characteristics12.
The recruitment of the jaw-closing muscles changes
markedly depending on the number and position of
occlusal contacts40. The findings of the present study are
in agreement with previous investigations on the jawclosing muscles, which have shown that subjects with
higher occlusal stability present larger EMG activity during
maximum clenching15,42,43. This might be because a higher
number of posterior contacts provides a stable occlusal
support in the intercuspal position, which allows jaw-closing
muscles to achieve higher levels of muscular activity during
clenching and chewing42. This study demonstrated that the
muscular activity of masseter and temporalis muscles in
both groups (Group 1 with CGO and Group 2 with GFO)
was improved by increasing the EMG activity of both
sides after teeth-supported FPD placement (Tables 1,2,3,4).
The results of this investigation are in line with previous
findings showing that the number of replaced missing
natural teeth and their position in the dental arch, the design
and type of conventional dental prosthesis or implantsupported prostheses could positively influence jaw-
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closing muscle activity during clenching and, by extension,
masticatory function15,44,45,46,47. It seems that the change
in neuromuscular pattern and EMG activity is modified by
continuous sensory feedback from the state of the dentition,
the balanced occlusal contacts between the opposite sides
and other sensory inputs from the periodontal ligaments and
bilateral temporomandibular joints.  
Harmonious canine-guided occlusion and group
function occlusion have been described in the literature
as being clinically acceptable elements of a functional
occlusion20. The results of this study revealed that
fixed prosthetic restoration and more posterior occlusal
contacts, in both groups (Group 1 with CGO and Group
2 with GFO), resulted in increased EMG jaw-muscle
activity (Tables 1,3). These findings are in agreement with
other studies, in which greater jaw muscle activity was
observed through an increase in the number of occlusal
contacts to the posterior region, especially in simulated
group function occlusion16,40,48. Additionally, observations
during the gum chewing procedure revealed that there was
no significant difference in EMG activity between the two
different occlusion schemes14. On the other hand, it has
been found that EMG activity in the anterior temporalis
significantly increased during maximal clenching in the
simulated GFO compared to the simulated CGO18. The
contradictory findings in the literature concerning the
EMG changes of jaw-closing muscles in patients with
different occlusion schemes might be explained by the
difference in the clenching force level exerted during
each occlusal condition, the different asymptomatic and
dysfunctional jaw muscles examined and the various
EMG parameters used during static muscle contractions
(clenching) or dynamic contractions (chewing).
The limitation of the present study was the relatively
small number of patients as a result of the specific
inclusion criteria. Furthermore, the EMG recording was
limited to the masseter and anterior temporalis muscles,
and other jaw-closing muscles were not examined. It must
be also taken into consideration that there is still a lack of
general agreement on standards for surface EMG signal
detection from jaw-closing muscles during static and
dynamic oral tasks. An important element that needs to
be taken into account in the future is the change in EMG
activity resulting from the restoration of dental occlusion
in patients with different occlusion schemes during
dynamic tasks (chewing).

Conclusions
Within the limitations of this clinical study, it may
be concluded that fixed prosthetic restoration and more
posterior occlusal contacts, in both patients with canineguided and group function occlusion, results in increased
EMG jaw-muscle activity. It seems that the change in
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EMG activity resulting from the restoration of dental
occlusion is possibly related to a new neuromuscular
pattern that was induced in both groups within the
well-regulated, balanced occlusal contacts between the
opposite sides.
The findings suggest that both occlusal schemes can
be used for the fixed prosthetic restoration of patients with
a posterior edentulous area in one sextant.
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Stafne Bone Defect in Anterior Mandible
SUMMARY

Gülay Altan, Sabri Cemil İşler, İlknur Özcan

Backround/Aim: Stafne bone cavity which is also known as lingual
mandibular bone defect is generally seen in the posterior region of the
mandible. Stafne bone defects of the anterior mandible are very rare, with
around 50 cases reported in the English literature. They are generally
asymptomatic and incidental lesion findings may be diagnosed during
a radiographic examination. Case Report: A 59 year-old female patient
was examined for dental complaints. Panoramic radiography revealed
a unilocular lesion at the left incisor- premolar area. Dental volumetric
tomography scans showed a concavity at the lingual side of the related
area. Magnetic resonance imaging was suggested for possible soft tissue
pathology and, depending on MRI finding, the cavity was initially diagnosed
as Stafne bone defect. Conclusion: The aim of this case report is to describe
an unusually located Stafne bone cavity with special emphasis to the need of
using special imaging modalities.
Key words: Stafne Bone Cavity, Anterior Mandible, Cone Beam Computed Tomography,
Magnetic Resonance

Introduction
Stafne bone defect (SBD) which is also called Stafne
bone cyst or cavity, mandibular salivary gland inclusion,
lingual mandibular bone cavity or aberrant salivary
gland; was first described by Edward Stafne at 1942 1.
These defects are generally asymptomatic unilocular
radiolucent areas with cortical borders, located at the
angle of the mandible below the mandibular canal1,2. It
appears as a well-corticated radiolucency that retains
a normal trabecular pattern internally3. SBD is mostly
observed in males between 50-70 years old; the anterior
variant, which is located in the premolar and canine
region, is a rare occurrence1,2,4. Incidence of the anterior
bone defects are reported to be between 0.009-0.48% in
the literature1. Although aetiology of SBD is unknown, it
is also suggested that the main cause of SBDs might be
alterations in the trabecular bone pattern due to ischemia5.
Such bone cavities in the anterior mandible are rare
therefore, it may be difficult to diagnose and to rule out
other radiolucent lesions, such as traumatic and cystic
lesions or tumours of the jaw6,7. Surgical intervention is
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not advocated for the treatment of anterior or posterior
SBD. Surgical intervention or biopsy should be performed
in atypical cases or in the presence of other suspected
lesions6.
The aim of this report is to present a case with
unusually located SBD with special emphasis to the
radiographic features, differential diagnosis and the use of
imaging modalities.

Case Report
A 59-years-old female patient was referred to the
Department Oral and Maxillofacial Radiology, Faculty of
Dentistry, Istanbul University, for an assessment of dental
complaints and the pain on the left side of the mandible.
The patient’s medical history revealed mild hypertension,
gastric ulcer, seronegative arthritis and postmenopausal
osteoporosis. She also stated that she was using 70 mg
once a week alendronic acid per oral (Fosavance, Merck
Sharp&Dohme, Haarlem, Holland) for the last ten years.
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Extra-oral head and neck examination was normal.
A thorough physical examination revealed no facial
asymmetry, swelling or lymphadenopathy. Therefore,
infection was not considered. Intraoral examination
revealed gingivitis, bacterial plaque accumulation,
multiple metal fused porcelain bridge and partial denture
at the lower jaw and complete denture at the upper jaw.
During palpation at the lingual plate no concavity/
convexity was detected.
The panoramic radiograph (Kodak 8000 Digital
Panoramic System, France) was taken (parameters of
the device were Kv: 68, mA: 5 and s: 13.2); it showed
unilocular periapical radiolucency between the apices
between left incisor and premolar teeth and in front of the
left mental foramen. Also the radiolucency was observed
as it was related with the apices of left incisor-premolar
teeth. During palpation at the lingual plate, patient had
pain in the related area (Figure 1).

Figure 1. Patient’s panoramic radiography, revealing
radiolucent area between left incisor and premolar region

In an attempt to rule out possible Stage 0 BRONJ
and to examine the lesion, it was decided to perform a
CBCT dental volumetric tomography (Vatech Pax - Flex
3D, 2013, Korea) Parameters of the device were Kv:89
mA: 5 s:12 FOV: 5*10. Cross-sectional and axial images
showed a concavity at lingual side of the mandible and no
radiolucent area at a cancellous region (Figure 2 & 3).

Figure 2. Cross-sectional images showing the lingual concavity at the related area

Figure 3. Axial tomographic slice showing the lingual concavity of the
mandible

a

Figure 4. Axial T2-weighted magnetic resonance imaging (MRI)
revealing the isointense structure with salivary gland
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Figure 5. Sagittal T1-weighted magnetic resonance imaging revealing
isointense structure with salivary gland

MRI (GE Signa HDe 1.5T, 2007 US.) was
recommended for possible soft tissue pathology.
Depending on T1 and T2-weighted magnetic resonance
imaging, soft tissue signal intensity was equivalent
to that of salivary glands (Figures 4 & 5). Analysis of
this reference, revealed normal glandular tissue, thus
confirming the diagnosis of SBD.
Patient was informed about the lesion which didn’t
need surgical intervention and was called for routine
follow-up for 6 months.

Discussion
SBDs are generally asymptomatic, unilateral,
oval shaped lesions that are diagnosed accidentally on
panoramic radiographs. They are often located at the
posterior mandible below the mandibular canal1,2,7. Just a
few cases with pain at relevant area were reported before1.
SBDs located in the anterior area of the mandible are rare
and they were observed in premolar-canine region1,2,4.
SDBs may be either empty or may contain blood vessels,
connective tissue fat, lymphoid tissue, muscle and salivary
gland1,8. The aetiology of the SDBs is still unknown
but some theories are present in literature. Pressure of
the salivary gland tissue, remains of solitary bone cysts,
localized relative ischemia are some of the theories to
explain SDB’s aetiology1.
Differential diagnosis includes odontogenic cysts,
lateral periodontal cysts, traumatic bone cyst, eosinophilic
granuloma, ameloblastoma, central giant cell granuloma,
benign tumours and bone metastasis7,8. If the bone cavity
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is related to root apices on the panoramic radiography,
it can mimic an odontogenic cyst. The presence of
caries and changes or absence in the lamina dura of the
teeth adjacent to the lesion may give the clinician clues
for the accurate diagnosis. To avoid an unnecessary
endodontic treatment, a pulp vitality test should be
performed8,9. Lateral periodontal cysts are considered
to originate from epithelial rests in periodontium
lateral to the tooth, in a unilocular appearance. Lateral
periodontal cysts are generally asymptomatic and present
a round or oval uniform lucency with well-defined borders
radiographically7,10.
The traumatic bone cyst, belongs to the category
of ‘pseudo-cyst’ due to its lack of a lining epithelial
membrane11. Traumatic or simple bone cysts mostly
appear to be scalloped between the roots of the teeth.
Scalloped appearance can be distinguished from other
lesions7. Ameloblastomas are benign odontogenic
neoplasms of epithelial origin and represent about
10% of odontogenic tumours12. The unilocular type of
ameloblastoma can mimic SBDs in the anterior region of
the jaws. In addition, root displacement, resorption and
expansion of the jaws can be observed7,12,13. Displacement
of teeth, painless swelling and expansion of bone can
potentially be caused by giant cell granulomas. Some of
the panoramic radiography signs can be bone destructions,
divergence of roots and resorption of the lamina dura7,12.
Other lesions that can mimic SBDs are neurofibroma,
arteriovenous fistulas, brown tumours, eosinophilic
granulomas, central haemangiomas, multiple myeloma
and bone metastasis7,13.
Panoramic radiography is a 2-dimensional method
and may be insufficient to distinguish concavities from
intraosseous lesions. Multi-planar imaging techniques like
CBCT, CT and MRI can be used to identify SBDs but due
to high dose and cost of CT examination, CBCT seems to
be valuable option for detecting bony defects8. Especially
in atypical cases with anterior location, CBCT and MRI
imaging are recommended8. In the present case, both pain
at the relevant area and anterior location of the lesion,
CBCT and MRI were performed to rule out possible
other pathologies. MRI proton density and T1-weighted
images may be used for examining the soft tissue lining
the cavity whether isointense of the lesion equivalent to
that of the salivary gland7,14,15. MRI has the advantages
such as not using any ionizing radiation, and the ability
of imaging the soft tissue detail that may line the cavity8.
It’s main disadvantages are the cost and field distortion
artefacts from dental material7,16. Accurate visualization
of these tissues is obtained with a 1.0-mm slice thickness,
provided an sufficient quantity of saliva is present7,14,17.
MRI revealed the isointense structure with salivary gland
in the present case. Due to salivary gland presence in the
cavity, salivary glands pressure may be a reason for the
SBD in this case.
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Unlike other lesions, SBDs have been observed
anatomically. Radiologic diagnosis by use of different
techniques such as CBCT and MRI with routine clinical
follow-up, would be more conservative than surgical
intervention or biopsy7,18. In our case, both MRI and
CBCT images revealed no pathology at the related area;
therefore, surgery was not considered.

Balk J Dent Med, Vol 22, 2018
9.

10.

11.
12.

Conclusions
Stafne bone defects in the anterior mandible are very
rare; therefore, a radiolucency at the anterior mandible
could be difficult to diagnosed and rule out other
pathologies. For that reason, a diagnosis of SBD should
also be taken into consideration when a radiolucency at
the anterior mandible was observed.
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Conservative Management of Displaced Horizontal
Root Fracture in Vital Maxillary Premolar:
a Case Report
SUMMARY

Background/Aim: The management of horizontal root fracture is not
straight forward. It depends upon the location of the fracture, mobility and
vitality of fractured tooth segment. The goal of treatment is to restore the
shape and function of affected tooth. Case report: This following case report
described the conservative management of horizontal root fracture which
was also displaced but somehow maintained its vitality. The affected tooth
was initially stabilized and followed up in the subsequent appointments
for evaluation of vitality that turned out to be vital, thus, preventing any
unnecessary intervention. Conclusions: Horizontal root fractures in the vital
teeth should be initially managed conservatively and every effort should be
made to preserve the vitality of tooth.
Key words: Horizontal Root Fracture, Vital Tooth, Conservative Management, Displaced
Fracture, Splint

Introduction
Root fractures constitute 0.5–7% among all dental
traumatic injuries and horizontal root fractures comprise
only 3% of all dental injuries1, 2. Horizontal root fracture
(HRF) can occur at coronal, middle or apical third but
mostly occurred in the middle third of the root3. HRF
presents a diagnostic and treatment challenge for the
endodontist3. Clinically, root fracture can present
as a mobile, extruded or displaced segment, but the
definitive diagnosis requires appropriate radiographic
examination4.
The management of HRF is based on the location
of the fracture, mobility and the vitality of the tooth.
Fractures in the apical third usually have good prognosis
and do not require any treatment while cervical third
fractures have worse prognosis and usually require
extraction of the tooth especially when the coronal
fragment displays severe mobility5, 6. Fractures at the
middle third of root have favorable prognosis and depends
on whether it is displaced or un-displaced. If the coronal
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fragment is displaced the initial management comprise
of repositioning the fractured fragments, followed
by stabilization to allow healing of the surrounding
periodontal tissues2. The decision to perform endodontic
procedure should be deferred till the assessment of tooth
vitality on the subsequent visits till the signs of necrotic
tooth appears7, 8.
The purpose of the case report is to present a case in
which conservative management of displaced horizontal
root fracture at the middle third of root was performed and
followed up to 2.5 years.

Case Report
A 58 years old male attended Aga Khan University
Hospital dental clinics with the complaint of pain on
biting from upper right tooth since last four days. Patient
had incident of biting hard object from that side. Clinical
examination revealed uncomplicated fractured palatal
cusp of tooth # 14 (Federation Dentaire Internationale).
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Tooth exhibited tenderness to percussion and grade
II mobility. Pulp sensibility testing was carried out
using electric pulp tester (Gentle pulse, Parkell) that
demonstrated a positive response on the affected
tooth. Periapical radiographs revealed fracture at the
middle third of root of tooth # 14 (Federation Dentaire
Internationale) with mild displacement of coronal
segment. (Figure 1A)
The treatment plan comprised of reduction and
flexible splinting of the coronal fragment of tooth
followed by evaluation for tooth sensitivity on subsequent
appointments. Patient was informed about the treatment and
informed consent was taken. Flexible splinting was carried
out from tooth # 13 to 15 with co-axial wire and light cure
composite resin (Figure 1B). Analgesic was prescribed and
patient was called for follow up after two week.
On the follow up appointment after two weeks,
sensibility testing was repeated using electric pulp tester
that revealed a positive response; however, tooth was
mildly tender on percussion. Patient was reassured and
called after two weeks to evaluate and remove the splint
if symptoms improved. On the next appointment after
four weeks, sign and symptoms were improved with
no tenderness to horizontal and vertical percussion.
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Periapical radiograph was taken that showed with intact
and uniform periodontal ligament space and lamina dura
around the root of tooth # 14 (Figure 1C). Sensibility
testing of the tooth showed positive response on electric
pulp tester (Gentle pulse, Parkell). Splint was removed,
patient was counseled and advised to report back after 6
months for follow up visit.
Patient was recalled after six months for fractured
tooth assessment. The clinical and radiographical
examinations were carried out that showed normal
periodontal ligament space and lamina dura. The
periapical radiograph showed a less radiopaque line
between fractured segments with slight rounding of
edges, which means that healing had occurred with
interproximal connective tissue (Figure 1D). Patient
was called for follow up after one year to evaluate the
fractured tooth and he was perfectly doing well clinically
and radiographically and tooth remained vital.
A 2.5 years follow up was performed with clinical
examination and a 3D cone beam computed tomogram
was obtained to evaluate the healing of the fractured
root segment. No signs of pathology were observed and
healing had occurred with interproximal connective tissue
(FIGURE 2).

Figure 1. A: radiographs showing horizontal root fracture at the middle third of the root. B: radiographs showing composite and wire splint.
C: radiographs showing healing at four weeks of follow up with normal periodontal ligament space and intact lamina dura.
D: healing at six months follow up with radio opaque line between the fractured segments
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Figure 2. Cone beam computed tomography showing healing of the fractured segment without any signs of pathology

Discussion
The prognosis and healing of root fractures is
governed by the extent of the fracture line, status of the
pulpal and periodontal tissues, occlusion, dislocation/
displacement of fractured segments and the overall health
of the patient9.
In the present case report, clinical and radiographic
examination reveals favorable healing pattern of a tooth
with horizontal root fracture i.e. healing of calcified
tissue with interposition of connective tissue. This type of
union is achieved by the presence of vital pulp tissue and
healthy periodontium. Available literature and multiple
case reports suggest that healing outcome in horizontal
root fractures is considered ideal if pulp remains vital and
fragments heal with absence of any pathological changes
after several years of trauma9-11. Endodontic therapy of
coronal portion should be performed only in cases where
pulp testing reveals non-vital pulp tissue, or if signs and
symptoms of pain or discomfort arise in affected tooth9, 10.
Endodontic therapy should not be provided as a
prophylactic intervention in cases with horizontal root
fracture12, 13. The pulp remains vital in many of the cases
once the affected tooth is repositioned and adequately
splinted as performed in the above case. However, the
consensus on duration and type of splinting has not yet
been established14.
The prognosis of treatment also depends upon
the location of the fracture line. The fracture in the
cervical third of the root results in the better prognosis

in terms of tooth vitality because of increased chances of
revascularization as compared to the middle and apical
third of root15. Even then the attempt should be made to
stabilize the tooth having fracture at the middle or apical
and keep the patient on follow up for the evaluation of
signs of pulpal necrosis before embarking any endodontic
procedure.
Thus it can be concluded that maintenance of vitality
is the primary outcome that must be considered when
treating a tooth with horizontal root fracture because
fractured roots tend to heal spontaneously if the vitality of
the pulp is preserved. Fixation of fragments using flexible
splints without any other treatment leads to favorable
treatment outcome in the presence of non –dislocated
fragments and vitality. However, these patients require
long‑term follow‑up because pathological changes can
appear after several years following injury.

Conclusions
Horizontal root fractures in the vital teeth should be
managed conservatively and every effort should be made
to preserve the vitality of tooth. However, periodic follow
up is mandatory for long term success of the treatment.
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Management of Large Residual Cyst in Elderly
Patient with Decompression Alone: Case Report
SUMMARY

Background/Aim:Residual cysts comprise approximately 10% of
all odontogenic cysts. They are more commonly seen in 4th-6th decades of
life, and occur due to incomplete previous surgical removal of a radicular
cyst; or due to left epithelial remnants stimulated by tooth extraction. These
lesions are often treated with enucleation. However, this procedure is not
always the ideal treatment solution for elderly people due to the presence of
physical and mental disorders, and risk of jaw fracture. Case Report: In this
case report, the successful treatment of a large residual cyst in the symphysis
of a 93 year-old female patient by performing decompression alone is
presented. A plastic drain was placed on the wall of the cyst to allow
irrigation. Regeneration was observed in the cyst cavity 3 months after
surgery. The 1-year follow up showed that the majority of the cyst cavity was
filled with new bone. Conclusions: In elderly patients, large inflammatory
cysts can be successfully treated with decompression considering the limited
regeneration capacity and difficulties in follow-up.
Key words: Odontogenic Cyst, Decompression, Geriatrics, Mandible

Introduction
Jaw cysts are closed sacs that may contain air,
fluid, or semi-solid material and be either odontogenic
or non-odontogenic in accordance with the origin of the
epithelium that covers the cystic cavity1,2. Residual cyst
(RC) or recurrent radicular cyst is an inflammatory type of
odontogenic cyst that originates as a result of proliferation
of the odontogenic epithelial remnants3. The cyst may
occur in the edentulous area at the site of a previously
extracted tooth months or even years later3,4. Stimulation
of the odontogenic epithelial remnants entrapped in
hard and soft tissues of the jaws using inflammatory and
immunological processes is considered as the primary
mechanism responsible for RC development1,5.
RCs comprise approximately 10% of all odontogenic
cysts4,6. Radiographically, a RC is a well-defined, roundto-oval unilocular radiolucency of varying size, located
in the jaw bones in edentulous areas and is commonly
detected in the maxilla4,6. The cyst is usually encountered
in individuals in the age range of 50-60 years with female
predominance6. The majority of RCs are asymptomatic
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and are often detected as an incidental finding during
routine radiographic examination. However, because of
their tendency of expanding, they may cause expansion
of the jaw cortical plates or displacement of the related
anatomical structures7. They can be accurately diagnosed
combining clinical, radiographic and histologic findings7.
RCs can be treated by enucleation, marsupialization,
or decompression to reduce the intraluminal pressure of
the cystic lesion2. Enucleation aids in complete surgical
excision of the cyst and is an ideal treatment choice for
benign cystic lesions. However, in certain cases, the size,
location of the cystic lesion, its proximity to adjacent vital
structures, and patient’s age contraindicate enucleation8.
Thus, particularly in younger, elderly, or high-risk
patients, minimally invasive treatment is a treatment of
choice9. Marsupialization is a well-accepted treatment
option that involves cystic wall fenestration and suturing
of the inner cystic lumen with the oral mucosa for
reducing the intra-cystic pressure and allowing new bone
growth around the defect10. Decompression is another
treatment option that reduces the pressure caused by the
cystic mass. This technique requires a smaller window,
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which is kept open by suturing a device to it2. Even
though both decompression and marsupialization are
based on the rationale that releasing intramural pressure
to diminish the cyst size allows gradual bone growth
around the lesion, decompression seems the more suitable
treatment option in cases that require a more conservative
approach9. RC has a low recurrence rate. However, follow
up is required to rule out malignancies and recurrences6.
Since with aging, various compromising medical
conditions may appear, dental management of geriatric
patients requires special attention, particularly in cases of
oral surgery. This paper presents the conservative treatment
of a large-sized residual cyst in a 93-year-old female.
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Because the cyst was of a large size, we planned
to take a conservative approach and performed
decompression under local anesthesia. We initiated
decompression by performing a fenestration in the cystic
wall lining with a scalpel, and placed a pacifier at the
opening for daily cystic cavity irrigation (Figure 3). We
sent an excised specimen for histologic examination;
histopathological examination results confirmed the
diagnosis of a residual cyst (Figure 4). We performed
follow-up after decompression, which included clinical
and radiographic examinations every 15 days. After 3
months, we observed new bone formation within the cyst
cavity. Recurrence and malignant transformation were not
noted at the 1-year follow-up (Figure 5).

Case Report
A 93-year-old female was referred to our clinic
with a complaint of slowly progressing and painless
swelling located in the anterior mandible. The medical
history of the patient did not indicate any previous
conditions other than severe osteoporosis. Findings of
intraoral examination revealed a swelling in the anterior
region of the mandible. The mucosa surrounding the
lesion appeared to be normal, and the swelling was nontender and displayed cystic consistency. On panoramic
radiography (Figure 1) and cone beam computed
tomography (CB-CT scan), large, well-defined,
radiolucent expansive lesion was detected (Figure 2),
extending from the area of the mandibular right premolar
to the mesial aspect of left canine area, inferiorly to
the mandibular basis and superiorly to the level of the
alveolar crest. On the basis of these findings, residual cyst
was provisionally diagnosed.

Figure 3. The pacifier adapted to the cystic window for irrigation

Figure 4. Histopathological view shows features of residual cyst

Figure 1. Initial panoramic radiograph of the patient

Figure 2. (A) Axial view of the lesion on the CBCT; (B) View of the lesion
on 3D reconstruction

Figure 5. Panoramic radiograph at the follow-up control after 1 year
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Discussion

Conclusions

Cystic lesions of the jaws are frequently encountered
among elderly patients, and the management of these
lesions presents a challenge for the surgeon because of
potential comorbidities associated with aging11. Reports
indicate that the occurrence of coexisting diseases
increases from 20% to 90% from 20-30 to 70-80 years12.
Elderly population generally suffers from bone and joint
diseases, hypertension, diabetes mellitus, cancer, stroke,
along with other degenerative diseases12. They show
poorer tolerance toward stress and impaired visual and
functional capacity of the body systems. Also, impaired
oral health and oral pathologies have negative effects on
nutrition, esthetics, psychological status, and other social
activities of daily life13.
Medical, psychological, socioeconomic status of the
patient in addition to the dental status, must be considered
while treating cystic lesions in elderly patients14.
Different treatment procedures have been preferred; in
2003, Nishide et al.12 treated a huge dentigerous cyst in a
72-year-old patient with irrigational therapy that involves
periodic irrigation of the cyst with antibiotics. They
claimed that the cystic cavity size rapidly diminished
when compared with marsupialization and suggested this
technique for geriatric patients because it does not require
additional surgery.
According to Enislidis et al.9, all large mandibular
cysts of any histologic type can be successfully treated,
with no recurrence, by decompression and second-stage
enucleation. Because our patient had severe osteoporosis
that prevented her from staying in the dental unit for an
extended period of time and showed poor tolerance to
stress as a result of aging, we preferred decompression
as the treatment option. Also, the cystic lesion, in
our patient, reached a large size that could lead to
pathologic fracture of the mandible. Thus, we considered
decompression as more conservative, which can be
easily and rapidly performed. Using this technique, we
also attempted to limit intraoperative and postoperative
discomfort of the patient. The chief explanation for the
rapid regeneration of large cyst cavity in this patient
without recurrence is that the residual cyst responded
well to decompression.
Although this is a rare condition, a case of malignant
transformation of cystic epithelium has been reported.
Reports indicate that more than 50% of reported cases of
malignant transformation originated from inflammatory
periapical or residual cysts15. For this reason, the
follow-up should continue for a long period of time; at
least 1-year follow-up is needed to evaluate possible
transformation.

Decompression may be preferred over invasive
surgical approaches in the treatment of huge residual
cysts; especially in elderly patients with systemic
diseases. Since chronic inflammation has been considered
as a predisposing factor for malignancy, long-standing
inflammatory cysts require particular attention, especially
in elderly patients as in the case described herein.
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Instructions to the authors
Balkan Journal of Dental Medicine (BJDM) publishes only
papers not published before, nor submitted to any other
journals, in the order determined by the Editorial Board.
From March 1, 2017 the BJDM turned to e-Ur:
Electronic Journal Editing. All the users of the system:
authors, editors and reviewers should be registered at:
http://balkandentaljournal.com/ojs/index.php/bjdm
For any assistance, please use the contact:
balkan.dentistry@hotmail.com
.
When submitting a paper a statement signed by
corresponding author should be enclosed.
The BJDM reserves all copyrights for the published papers.
Accepted are only papers in English.
The BJDM publishes: reviews/meta-analyses original
papers, case reports, short communications and
perspective articles.
Review papers will be accepted by the Editorial Board only
if the authors prove themselves as the experts in the fields
they write on by citing not less than 5 selfcitations.
Papers should be written on IBM- compatible PC, using 12
pt font, and single spacing, with at least 4 cm left margin.
Bold and italic letters should be avoided as reserved for
subtitles. Original articles, reviews, meta-analyses and
articles from medical history should not exceed 16 pages,
case reports 6, short communications 5 and perspective
articles 4.
All measurements should be reported in the metric system
of the International System of Units (SI), and the standard
internationally accepted terms (except for mm Hg and °C).
MS Word for Windows (97, 2000, XP, 2003) is
recommended for word processing; other programs are to
be used only exceptionally. Ilustrations should be made
using standard Windows programs, Micro-soft Office
(Excel, Word Graph). The use of colors and shading in
graphs should be avoided.
Papers are reviewed anonymously by at least two editors
and/or invited reviewers. Remarks and suggestions are sent
to the author for final composition. Galley proofs are sent to
the corresponding author for final agreement.
Preparation of manuscript
Parts of the manuscript are: Title page (separate file),
Summary with Key words, Text, Acknowledgements (to
the authors’ desire), References.

Title page
1) The title should be concise but informative, while
subheadings should be avoided,
2) Full names of the authors,
3) Exact names and places of department(s) and
institution(s) of affiliation where the studies were
performed, city and the state for any authors,
4) Data of the corresponding author.
Summary and key words
The second page should carry a structured abstract (250300 words for original articles and meta-analyses) with
the title of the article. In short, clear sentences the authors
should write the Background/Aim, major procedures –
Materials and Methods (choice of subjects or laboratory
animals; methods for observation and analysis), the
obtained findings – Results (concrete data and their
statistical significance), and the Conclusion. It should
emphasize new and important aspects of the study or
observations. A structured abstract for case reports (up to
250 words) should contain subtitles Introduction, Case
report, Conclusion. Below the abstract Key words should
provide 3–10 key words or short phrases that indicate the
topic of the article according to Index Medicus.
Text
The text of the articles includes: Introduction, Material
and Methods, Results, and Discussion.
Introduction. After the introductory notes, the aim of the
article should be stated in brief (the reasons for the study or
observation), only significant data from the literature, but
not extensive, detailed consideratuion of the subject, nor
data or conclusions from the work being reported.
Material and Methods. The selection of study or
experimental subjects (patients or experimental animals,
including controls) should be clearly described. The
methods, apparatus (manufacturer’s name and address
in parentheses), and procedures should be identified in
sufficient detail to allow other workers to reproduce the
results. Also, give references to established methods,
including statistical methods. State the approval of the
Ethnics Committee for the tests in humans and animals.
Results should be presented in logical sequence in the
text, tables and illustrations. Emphasize or summarize only
important observations.
Discussion is to emphasize the new and significant aspects
of the study and the conclusions that result from them.
Relate the observations to other relevant studies. Link
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the conclusions with the goals of the study, but avoid
unqualified statements and conclusions not completely
supported by your data.
References
References should be numbered consecutively in the
order in which they appear in the text. All references
are identified, whether they appear in the text, tables, or
legends, by Arabic numbers in superscript. Two references
are cited separated by a comma, with no space. Three or
more consecutive references are given as a range. The use
of abstracts, secondary publications, oral communications,
official and classified documents as references is strongly
discouraged. Manuscripts accepted for publication may be
cited and should include the manuscript’s DOI, if known.
Material submitted, but not yet accepted for publication,
should not be included in the reference list, but may be
included in the text and referred to as ”unpublished data“
giving the names of the involved researchers. Obtaining
permission to quote unpublished data from the cited
colleagues is the responsibility of the author.
The list of references should only include works that are
cited in the text. The style and punctuation of references
should strictly conform to The National Library of
Medicine Style Guide for Authors, Editors, and Publishers
(NLM Style).
Balkan Journal of Dental Medicine recommends that
authors refer to NLM guidelines for formatting references
at the Citing Medicine Web site
(http://www.nlm.nih.gov/citingmedicine).
Several examples of references in NLM format are shown
below.
For more samples of formatted references visit the NLM site
(http://www.nlm.nih.gov/bsd/uniform_requirements.html).
Examples of references:
Brown JS, Browne RM. Factors influencing the patterns of
invasion of the mandible by squamous cell carcinoma. Int J
Oral Maxillofac Surg. 1995; 24:417-426.

Sternbach RA. Pain patients - traits and treatment. New
York, London, Toronto, Sydney, San Francisko: Academic
Press; 1974.
Koulourides T, Feagin F, Pigman W. Experimental changes
in enamel mineral density. In: Harris RS, editor. Art and
Science of Dental Caries Research. New York: Academic
Press; 1968. p. 355-378.
Journal title abbreviations should be those used by the U.S.
National Library of Medicine. If you are uncertain about
the correct abbreviation for a journal title, please search
for the journal at http://www.ncbi.nlm.nih.gov/nlmcatalog
.
Authors may wish to make use of reference management
software to ensure that reference lists are correctly formatted.
Tables
Each table should be typed single-spaced, numbered in
the order of their first citation in the text and supplied with
a brief title each. Explanatory notes are printed under a
table. Each table should be placed within the text at the
appropriate points, rather than at the end. If data from
another source are used, acknowledge fully.
Illustrations
All illustrations, labelled as figures (such as photographs,
line drawings, charts or tracings) should be submitted as
high-contrast prints, suitable for publications. Illustrations
should have a final resolution of 300 dpi, and line drawings
of 800-1200 dpi. They must be numbered with Arabic
numerals in the same order as they are cited in the text.
Photomicrographs should have the magnifications and
details of staining techniques shown. Short explanatory
captions of all illustrations should be typed on a separate
sheet.
Abbreviations and symbols
Use only standard abbreviations. Avoid abbreviations in the
title and abstracts. The full term for which an abbreviation
stands should precede its first use in the text.
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ERRATUM
Erratum: A Case of Dental Fusion in Primary Dentition from Late Bronze Age Greece
In the article that appeared on pages 102–105 of the July 2018 issue of the Balkan Journal of dental Medicine the incorrect
affiliation was places; and it should be
The Malcolm H. Wiener Laboratory for Archaeological Science, ASCSA, Athens, Greece.
We regret this error.
In the same article, an incorrect year appeared on page 103, and it sholud be: 1400-1200.
We regrets this error.
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