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Analysis of vertical root fracture in endodontically
versus nonendodontically treated teeth
on patients with periodontitis
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l. Introduction

Vertical root fracture(VRF) is defined as
a fracture of the root that is longitudinally
oriented at a more or less oblique angle to-
wards the long axis of the tooth,” or a lon-
gitudinal fracture confined to the root that
usually begins on the internal canal wall
and extends outward to the root surface.”
Because most symptoms and signs of VRF
are non specific, and may mimic periodontal
disease or failed endodontic treatment, a
definite diagnosis of VRF is often difficult
for dentist.” Previous studies’™” reported
theat common clinical symptoms of VRE are
the presence of dull pain. swelling, and si-
nus tract, with a deep localized probing
defect. Radiographs may show widening of
the periodontal ligament and osseous re-

sorptive defects. The clinical and radio-
graphic findings are related to the extent
and location of the fracture. VRF is mostly
found in older people.”

VRF usually occurs in endodontically treat-
ed teeth with or without post insertion.*”
Considerable loss of tooth structure during
instrumentation and excessive pressure dur-
ing obturation have been reported as the
most likely causes of VRF >89 Overprepara-
tion of dowel space and subsequent forcing of
a post into place are considered as secondary
causes of VRF.>?

Root fractures in nonendodontically treat-
ed teeth are usually apical extensions of co-
ronal fractures associated with cracked or
split teeth.""™ VRFs in nonendodontically
treated teeth should therefore be differ-
entiated from root fractures that began as
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coronal fractures(cracked or split teeth).
True VRF in nonendodontically treated teeth
confined to the root surface is uncommon.

The true causes of VRF in nonendodon-
tically treated teeth are still unknown. Yang
et al' suggested that these fractures might
be related to special diet patterns or chew-
ing habits in Chinese. Yeh' proposed that
the VRFs might result from an excessive,
repetitive and heavy masticatory stress: he
referred to these fractures as “fatigue root
fractures.” The clinical features of VRF in
endodontically versus non endodontically
treated teeth have yet to be investigated.
Comparison of their clinical features may
enhance the understanding of the contri-
buting causes or risk factors of VRF. There-
fore, the purpose of this study was to pres-
ent and compare the clinical features, in-
cluding the age and gender of the patients
and the tooth types of the VRFs, in endo-
dontically and nonendodontically treated
teeth through a 2 years survey of 156 cases
in Korean patients.

Il. Material and Method

Reviewed were 156 consecutive cases of
vertical root fractures observed in 144
Korean patients between November 2002 and
October 2004. The final diagnosis of VR in
all uncertain cases was confirmed by surgi-
cal exploration. Cases of root fractures that
might be related to cracked or split teeth
were excluded. Accordingly, only true VRF
cases confined to the root were included.
Information was collected from each pa-
tient’s dental history, clinical examination,

and radiograpic findings. The clinical data
recorded were as follows: age and gender of
the patient, involved tooth, location of the
fracture, symptoms and signs, missing teeth,
subjective symptoms, diagnostic methods,
treatment procedures, duration after endo-
dontic therapy.

Age and gender of the patients, as well as
tooth type and root distribution of VRFs(in
numbers and percentages), were presented
and compared in endodontically versus non-
endodontically treated teeth.

Symptoms and signs associated with the
VRF were all recorded, including mild dis-
comfort or severe pain, periodontal abscess
formation, sinus tract, and the presence of
deep probing depths()5mm). Radiographic
findings included the presence of angular
osseous defects, periapical radiolucency, dif-
fuse widening of periodonal ligament, widen-
ing of root canal space, and separation of
root fragment.

The percentages of clinical and radiogra-
phic findings were calculated. Possible caus-
es of VRFs were also postulated from dental
history taking or any unusual findings on
clinical and radiographic examination. In
addition, sex, age group, tooth type, respon-
se to electric pulp test, and treatment mo-
dalities were also recorded. Chi-square test
was used for statistical method.

Ill. Result

The age and gender distribution of pa-
tients with VRFs in endodontically and non-
endodontically treated teeth is shown in
Table 1. Of the 66 patients with VRFs in
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Table 1. Age and gender distribution of patients with VRFs

No. of patients® by age group(%)
20-29y 30-39y 40-49y 50-59y 6069y 70-79y Total F value P value
Male 3(5) 6(9) 12(18)  18(27) 6(9) 3(5) 48(73)
Endo Female 3(5) 3(5) 0(0) 3(5) 9(14) 0(0) 18(27)  17.240  p<0.01
Subtotals 6(9) 9(14) 12(18)  21(32)  15(23) 3(5) 66(100)
Male 0(0) 9(11) 12(15)  36(44) 9(1D) 0(0) 66(81)
Nonendo  Female 0(0) 0(0) 3(4) 3(4) 9(11) 0(0) 15(19) 16919  p<0.01
Subtotals 0(0) 9(11) 15(19)  39(48)  18(22) 0(0) 81(100)

* ¥’~test ., Endo: Endodontically treated teeth / Nonendo: Nonendodontically treated teeth
* Tncludes 3 patient who had VRFs in both endodontically and nonendodontically treated teeth

endodontically treated teeth, the incidence
was 2.7 times higher in male than in female
patients. Ages ranged from 23 to 70 years,
with a mean of 52.5 years. Most VRFs(91%)
occurred in patients 30 to 69 years old. The
highest incidence occurred in the 50-to-59-
years age group in men and in the 60-to—69-
years age group in women. Of the 81 pa-
tients with VRFs in nonendodontically treat-
ed teeth, the incidence was 4.4 times higher
in men than in women. Ages ranged from 34
to 69 years, with a mean of 54.1 years.
Mosts patients(89%) were between 40 and

69 years old, and the highest incidence oc-
curred in the 50-to-59-years age group. In
both male and female patients, the mean
age for VRFs in endodontically treated teeth
was lower than that for VRFs in nonendo-
dontically treated teeth.

Clinical symptoms and signs are shown in
Table 2. Of the 156 observed cases of verti-
cal root fractures, the clinical and radio-
graphic signs and symptoms most frequently
found were the presence of deep probing
depth in 117 cases(75%) and mild pain/dis-
comfort in 91 cases(58%). In 76 cases(49%),

Table 2. Symptoms and signs of 156 cases of VRF

Symptoms and Signs® No. of Teeth %
Mild pain/discomfort 91 58
Severe pain 38 24
Periodontal abscess 76 49
Sinus tract 33 21
Deep probing depths 117 75
Angular osseous defect 73 47
Periapical radiolucency 43 28
Diffuse widening of periodontal ligament space 59 38
Widening of root canal space 49 31
Separation of root fragments 37 24

* Combination of a number of symptoms/signs can be manifested.
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Table 3. No. of missing teeth in VRF patients

No. of Missing Teeth

No. of Patients

0 50 35
1 13 9
2 36 25
3 6 4
4 and above 39 27
Total 144 100
Table 4. Existence or nonexistence of a subjective symptom
Presence of No. of Endodontically No. of nonendodontically
. Total F value P value
subject symptom treated teeth (%) treated teeth (%)
Yes 58(37) 62(40) 120077
No 8(5) 28(18) 36(23) 7.735 p<0.01
Total 66(42) 90(58) 156(100)
* Xtest

patients complained of periodontal abscess
and angular osseous defects were found in
73 cases(47%). In 50 of nonendodontically
treated teeth(90 cases), electric pulp test
was performed, and 36 cases(72%) showed a
positive response.

The number of missing teeth in the VRF
patients is shown in Table 3. 105 patients
(73%) had less than four missing teeth. In
the 90 teeth of nonendodontically treated
teeth with VRFs, 76(84%) had no restora-
tion. Three fractured teeth had crown re-
storations and eight were abutments of brid-
ge restorations, including two as the distal
abutment of a cantilever bridge. There were
only two class V composites and one class 11
amalgam restoration. In the 76 fractured
teeth without restoration, 63(83%) showed

moderate to severe attrition.

Classification by presence of a subjective
symtom is shown in Table 4. In 66 cases of
endodontically treated teeth, 58 cases was
presented subject symptom, only 8 cases was
not. In 90 cases of nonendodontically treated
teeth, 62 cases was presented subject symp-
tom, 28 cases were not.

Classification by diagnostic methods is
shown in Table 5. In 66 cases of endodonti-
cally treated teeth, diagnosis by flap oper-
ation completed in 32 cases, in 34 cases by
radiographic and/or clinical methods. In 90
cases of nonendodontically treated teeth, di-
agnosis by flap operation completed in 37
cases, in 53 cases by radiographic and/or
clinical methods.
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Table 5. Classification by diagnostic methods

Diagnostic No. of Endodontically No. of nonendodontically
Total F value P value
methods treated teeth (%) treated teeth (%)
Radiographic 11D 30(19) 41(26)
Clinical 17(11) 8(5) 25(16)
Radiographi
AcloBraphic 6(4) 15(10) 20(13) 12877 p<0.01
+clinical
Flap op. 32(21) 37(24) 70(45)
Total 66(42) 90(58) 156(100)
* x'-test

Classification by treatment types is shown

in Table 6. In 66 cases of endodontically
treated teeth, amputation or hemisection was
done in 36 cases and extraction was done in
22 cases. In 90 cases of nonendodontically
treated teeth, amputation or hemisection was
done in 57 cases and extraction was done in

24 cases.

Duration after endodontic therapy in en-

dodontically treated teeth is shown in Table
7. Of 43 cases, 31 cases(72%) were below 5
years and 12 cases(28%) were cver 5 years.

There were 156 cases(teeth) of VRFs docu-

mented in 144 patients. The distribution of

Table 6. Classification by treatment types

VRFs in endodontically and/or nonendodon-
tically treated teeth is shown in Table 8.
Among the 144 patients, 132(92%) had only 1
fractured teeth; the others(8%) had 2 frac-
tured teeth. Only 3 patients(2%) had VRFs
in both endodontically and nonendodontically
treated teeth.

The sites of fractured roots in molars are
shown in Table 9. Mesiobuccal roots and
palatal roots of upper molars and mesial
roots of lower molars were most susceptible
in both groups. But, there was no statisti-
cally significant difference.

No. of Endodontically

No. of nonendodontically

Treatment Total F value P value
treated teeth (%) treated teeth (%)
Extraction 22(14) 24(15) 46(30)
Amputati 3
putation or 36(29) 57(37) 94(60)  1.224  p)0.05
hemisection
M 3 t "
anenance or 8(5) 96) 16(10)
negligence
Total 66(42) 90(58) 156(100)
® _2
X—test
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Table 7. Duration after endodontic therapy(in endodontically treated teeth)

No. of Teeth %

Below 1 year 6 14
Below 5 years 25 58
Over 5 years 12 28
Total 43 100

Table 8. Distribution of VRFs in endodonticaily and/or nonendodontically treated teeth

No. of patients(%)

Total no. of LEndodontically  Nonendodontically — Teeth treated both
fractured treated teeth treated teeth endodontically and Total F value P value
teeth only only nonendodontically
1 63(44) 69(48) 0(0) 132(92)
2 0( 0) 9(6) 3(2) 12(8) 39.776 p<0.01
total 63(44) 78(54) 3(2) 144(100)
* x’-test

The distribution of VREF by tooth type
varied. Of the 156 fractured teeth., 58%
were nonendodontically treated. All VRFs in
endodontically treated teeth occurred in the
posterior teeth(Table 10). Of 66 cases, 57
(86%) occurred in molars and were more

frequent in mandibular molars(45%) than in

Table 9. Sites of fractured roots in molars

maxillary molars(41%). Only 9 cases(14%)
occurred in premolars. Of the 57 cases in
molars, 39 cases occurred in first molars, 18
cases occurred in second molars. Of the 48
cases in males, 21 were in mandibular first

molar and 9 were in maxillary first molars.

No. of No. of
Molars Sites endodontically nonendodontically F value P value
treated teeth(%) treated teeth(%)
Mesiobuccal 9(33) 18(46)
Maxillary Distobuccal 0(0) 0
Palatal 18(67) 21(54) 1.085 p»0.05
Fused 0(0) 0(0)
Subtotals 27(100) 39(100)
Mesial 24(80) 36(75)
Mandibular Distal 6(20) 9(19) 000 p>0.05
Fused 0(0) 3(6)
Subtotals 30(100) 48(100)
* x*test
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Table 10. Distriburation of VRF in endodontically and/or nonendodontically treated teeth by tooth

type
No. of No. of
endodontically . nonendodonticall
Tooth Type treated teeth subtotal y treated teeth subtotal F P
%) value value (%) value value
Male Female Male Female
Maxillary premolar 6(9) 0(0) 6(9) 3(3) 0(0) 3(3)
Maxillary first molar 9(14) 6(9) 15(23) 18(20) 6(7) 24(27)
Maxillary second molar ~ 6(9) 6(9)  12(18) 15(17) 0(0) 15(17)
25.20
Mandibular premolar 3(5) 000 3(5)  11.928 p<0.05  0(0) 000) 0 0 p<0.01
Mandibular first molar 21(32) 3(5)  24(36) 9(10) 9(10) 18(20)
Mandibular d
andibuiar secon 36) 35 69 30(33)  00)  30(33)
molar
Total 48(73) 18(27) 66(100) 75(83) 15(17) 90(100)
* X’-test

Of the 18 cases in females, only 9 cases
All VRFs in non-
endodontically treated teeth occurred in the
posterior teeth(Table 10). Of 90 cases, 87

(97%) occurred in molars and were more

were in first molars.

frequent in mandibular molars(53%) than in
maxillary molars(44%). Only three cases
(3%) occurred in premolars. Of the 87 cases
in molars, 42 cases occurred in first molars,
45 cases occurred in second molars. Of the
75 cases in males, 30 were in mandibular
second molars and 18 were in maxillary first
molars. Of the 15 cases in females, all of 15
cases were in first molars.

The incidence of VREF was found to be
highest in first molars in both groups. The
incidence of fracture in molars was also
higher in nonendodontically treated(84%)
than in endodontically treated(53%) teeth.
For endodontically treated teeth, the in-
cidence of VRF was more than 1.6 times
higher in mandibular first molars than in

maxillary first molars(23%) maxillary sec—

ond molars(18%), maxillary premolars (9%),
and mandibular second molars(9%), man-
The

fracture in endodontically treated premolars

dibular premolars(5%). incidence of
(14%) was more than 4 times that for non-
endodontically treated premolars(3%). VRF
was none in both endodontically and non-
endodontically treated anterior teeth

IV. Discussion

Diagnosis of VRF is a problem in as much
as the condition is easily misdiagnosed as a
periodontal or endodontic lesion. It is possi-
ble that many teeth with VRFs are ex-
tracted without being identified as such, es-
pecially among nonendodontically treated
teeth.”

True VRF in nonendodontically treated
teeth is seldom reported, and the incidence
of its occurrence is so far unknown. Previ-
ous cases were reported mostly in Chinese

patients,l?"mw) In our study, most of the
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cases were collected during recent years,
this is due both to increasing awareness of
VRF occurrence on the part of dentists and
to confirmation by flap surgery in all un-
certain cases. Results from this study show-
ed that VRFs in nonendodontically treated
teeth presented similar clinical signs and
symptoms to those of endodontically treated
teeth.”” Although signs and symtoms of
VRF are often nonspecific, clinical findings,
such as a deep localized periodontal pocket
depth and radiographic widening of the pe-
riodontal ligament or root canal space, are

. 3~7,13.14
suggestive.” '

" Joseph et al.'” reported
that pattern of bone resorption in vertically
fractured was most typically a V-shaped
pattern osseous defect(dehiscence) in 91%.
Yang et al.”? reported widening of root ca-
nal space in all cases, but the incidence is
much lower herein(31%). Widening of the
root canal space is a very helpful sign for
diagnosis of VRF, and may lead to more def-
inite diagnosis with the presence of other
associated signs and symptoms. Root canal
space widening and separation of root frag-
ments, as evident radiographically in 55% of
all cases in this study, are more apparent in
the later stage of the VRF, when the frac-
ture become more extensive. Lang et al."?
reported for pattern of periodontal destruc-
tion associated with incomplete root frac-
tures. Teeth with root fractures demon-
strated smaller mean probing depths than in
teeth with periodontal or periodontal-endo-
dontic lesions and radiographic bone loss
was greater in teeth with periodontal and
periodontal-endodontic lesions. In uncertain

cases, surgical exploration is indicated for

diagnosis.

Overall, the incidence of VRF in endodon-
tically versus nonendodontically treated tee-
th is unknown. Through a survey of 2 years
and a large collection of 156 cases, our
study demonstrates that 58% of VRFs oc-
cured in nonendodonticallly treated teeth.
Apparently, VRIFs in nonendodontically trea-
ted teeth are common in Korean patients.
This observation may indicate an underdiag-
nosed clinical entity.

Information pertaining to the question of
whether a patient may have VRF in multiple
teeth is still limited. Yeh' reported that 5
of 46 patients had 2 fractured teeth. In our
study, 8% of patients had 2 fractured teeth:
only 2% had VRF in both endodontically and
nonendodontically treated teeth. Root frac-
tures occurring in both groups seem to be
very rare. Because most patients(98%) had
VRF in either endodontically or nonendo-
dontically treated teeth, it is possible that
these 2 groups of patients had certain un-
common clinical characteristics or risk fac-
tors predisposing them to a particular type
of VRF."

The gender distribution of VRF in endo-
dontically treated teeth was not given in
previous rep01rts.4'5‘7> VRF differences with
regard to patient gender in endodontically
versus nonendodontically treated teeth were
demonstrated in our study, men being seen
more often in cases of nonendodontically
treated than in cases of endodontically trea-
ted teeth. Other reports"ﬁ'l‘rj'lﬁ) have also
shown VRF in nonendodonticallly treated
teeth to occur more frequently in males.

However, Yeh'? reported that most the pa-
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tients in his study were betel nut chewers
with severely attrited dentition, noted no
gender difference. The higher incidence of
VRF in nonendodontically treated teeth in
males may be related to factors such a
stronger masticatory force, increased attri-
tion, habitual chewing of hard food, and less
pliable supporting bone.'” These risk factors
may have less influence on endodontically
treated teeth, in which the incidence of VRF
in males is only slightly higher. However,
further study is needed before any conclu-
sion can be made.

3571 most of the

As in previous reports,
VRFs in our study were found in patients 30
to 69 years of age. We also showed that the
mean age was lower in patients with VRF in
endodontically treated teeth. This suggests
that endodontic treatment and post in-
sertion could result in significant loss and
weakening of tooth structure and could in-
crease the risk in younger patients. Dura-
tion until fracture after endodontic therapy
in endodontically treated teeth was 5.7
years on average.

The results of this study agreed with oth-
er reportslamw) that VRF occurred more of-
ten in older individuals. Gher et al.'” re-
ported that the increase of fractured teeth
or VRF may be related to the increase of
fractured teeth or VRF may be related to
the increase of restorations and endodontic
treatment with age, which may be respon-
sible for the weakening of tooth structures.
However, teeth with VREF in our study were
often attrited, unrestored, and had no endo-
dontic treatment. It is therefore speculated
that the higher incidence in the older age of
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VRF in nonendodontically treated teeth may
be related to other factors, such as the in-
crease of attrition or the less pliable sup-
porting structures.”

Posterior teeth seem to be more suscep-
tible to VRF. Testori et al.” reported pre-
molars to have the highest incidence of
VRF in endodontically treated teeth. Lin
and Langeland'” reported that VRF occurs
more often in molars, especially second mo-
lars. Tamse et al.”” reported that the max-
illary second premolars(27.2%) and mesial
roots of the mandibular molars(24%) were
the most fractured. However, we showed
first molars to be the teeth most frequently
fractured in both groups. This may be re-
lated to the heavier masticatory force asso-
ciated with first molars, to thin or flat roots
in first molars, or to the habitual use of
first molars in the chewing of hard food.”
Cameron'” reported that the higher inciden-
ce of cracked teeth in molars may be related
to a “nut cracker effect” of the jaws. It is
postulated that the masticatory force is al-
most vertical at the attrited occlusal surface
of first molar, thus directing the stress to
concentrate apical areas of roots, which may
be the weakest points of the attrited tooth.
Besides, our results also showed fracture
occurs most often in thin or flat roots, with
a mesiodistal diameter(i.e. in mesiobuccal
roots of upper molars and mesial roots of
lower molars). These findings support the
study of Rosen and Partida Rivera,”” which
demonstrated that the
fracture in increased as the mesiodistal di-

incidence of root

ameter of the root decreased.



Differences in VRFs with respect to tooth
distribution were demonstrated in endodon-
tically versus nonendodontically treated tee-
th in our study. VRF in nonendodontically
treated anterior teeth seldom occurred, pos-
sibly because of the direction of the mastica-
tory force, which is usually more lateral
than vertical and thus more likely to cause
horizontal or transverse, rather than verti-
cal root fracture.'”

The differences that have been described in
patient and tooth distribution of VRF be-
tween endodontically and nonendodontically
treated teeth suggest that they have certain
uncommon contributing factors, such as endo-
dontic treatment and post insertion in endo-
dontically treated teeth and moderate to se-
vere attrition in nonendodontically treated
teeth. Biologic or anatomical variations of the
endodontically treated and the nonendodon-
tically treated teeth are therefore important
contributing factors of VRF. Grippo™ sug-
gested that the mechanical loading factors af-
fecting the teeth are the magnitude, direc-
tion, frequency, location, and duration of the
force. The stress induced on the tooth struc-
ture may therefore result in different pat-
terns of fracture, depending also on the bio-
logic or anatomical conditions of the crown,
root, or supporting bone. For a nonendo-
dontically treated tooth, possibly excessive
and repetitive masticatory force, exerted ver—
tically on an attrited occlusal surface, may
concentrate the stress at the weaker apical
areas. Cracks or fatigue are thus initiated,
with eventual coronal propagation of the
fracture.” However, VRFs on endodontically
treated teeth may have a different pattern of

crack initiation and propagation. Because of
the weakening of root structure by endodontic
treatment or post insertion, the apical point
may not always be the weakest part of the
root or point of crack initiation. The fracture
may then begin at the apex or midroot or at
some other position®”. Morfis et al.? re-
ported that VRE was 3.69% of the teeth in
all 460 teeth. Causes of VRF in endodonti-
cally treated teeth are suggested to be over-
instrumentation, excessive condensation for-
ce, or post insertion procedures.5'7'10> These
dental treatments weaken the root structures
and are crucial risk factors in VRF. Lert~
chirakarn et al.*” reported for effects of root
canal sealers on VRF resistance of endodonti-
cally treated teeth, and that force at fracture
of roots obturated with Ketac-Endo was sig-
nificantly higher than those obturated with
AH Plus and Tubliseal. Also, Carmen Llena-
Puy et al? reported that the use of a pre-
fabricated, cylindrical, cemented intraradi-
cular retainer increased the time between en—
dodontics and VREF. However, VRF in endo-
dontically treated teeth usually occurs a long
period of time after these procedures. Testori
et al.” and Gher et al.'” reported an average
of 5 to 10 yr for VRF to occur after endo-
dontic treatment and post insertion. It is
possible that other risk factors such as attr-
ited occlusal surface, damaging chewing hab-
its, excessive occlusal force, root morphol—-
ogyle.g. as flat or thin root), increased den-
sity of bone, may serve as other contributing
factors in the case of VRE. The identification
and evaluation of these risk factors may en-
hance our understanding of the mechanism
and etiology of VRF, in both endodontically
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and nonendodontically treated teeth. Identi-
fying patients with risk factors of VRF may
be especially valuable in future prevention.
Damaging habits, such as chewing of ice
cubes, popcorn kernels, or hard candy, may
be closely related to the cause of cracked
teeth.'” Patients with cracked teeth also
have prominent masticatory muscles.” Yang
et al."” suggested that, in true nonendo-
dontic VRF in Chinese patients, certain diet
pattern or chewing habits may be related,
such as chewing of bones in meat. Our study
also showed that 77% of all patients had
less than four missing teeth even with a
mean age of 53.3 yr, these patients had gen-
erally intact dentition. Patients with a phy-
siological natural dentition may be more
confident of their teeth and thus inclined to
chew harder food or exert an excessive mas-
ticatory force. But, further analysis of the
chewing habit or diet patterns in these pa-

tient is therefore needed.

V. Conclusion

Vertical root fracture(VRF) often presents
no specific signs and symptoms, and it is
therefore difficult for dentists to make a
definite diagnosis of the condition. The pur-
pose of this study was to present and com-
pare the clinical features of VRF, and to en-
hance the understanding of contributing
cause or risk factors of VRF. The 2 years
survey of 156 cases was observed in 144
Korean patients. The clinical data recorded
were as follow: age and gender of the pa-
tient, involved tooth, location of the frac-
ture, symptoms and signs, missing teeth,

subjective symptoms, diagnostic methods,
treatment procedures, duration after endo-
dontic therapy. Chi-square test used for
statistical method.

The results were as follow:

1. Our study demonstrates that 58% of
VRFs occured in nonendodonticallly
treated teeth.

2. The higher incidence of VRF occured in
males.

3. Posterior teeth seem to be more sus-
ceptible to VRF.

4. The mean age was lower in patients with
VRF in endodontically treated teeth.

5. The major symptom and sign was deep
probing depth.

6. Duration after endodontic therapy was
average 5.7 years.

7. The rate of less than four missing teeth
was up to 73% in number of missing
teeth.

8. The rate of presence of a subjective
symptom was up to 77%.

VRF in nonendodontically treated teeth
are not uncommon comprise a large pro-
portion of such fractures in Korean patients.
The higher incidence of VRF in males and
molars may be related to factors such a
stronger masticatory force, increased attri-
tion, habitual chewing of hard food, and less
pliable supporting bone. But, it is still diffi-
cult for dentists to make a definite diagnosis
of the condition. It is considered that fur-
ther study on VRF may enhance making a
definite diagnosis and treatment of VRF.
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