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Thirty-two cases of vertical fractures were studied in an attempt to identify the causes and
diagnostic signs normally present. In all of the patients except two, osseous defects were present
and could be probed. The majority (65.63 percent) had only mild pain or a dui! discomfort.
Seventy-five percent showed diffuse widening of the periodontal ligament space. This study
suggests that excessive force during lateral condensation of the gutta-percha caused 84.38 percent
of the fractures. A secondary cause was the forcing or tapping of inlays or dowels into place. The
majority (78.13 percent) of the patients were over the age of 40. In all but nine of the cases,
treatment consisted of the extraction of the involved teeth.

The diagnosis of vertical root fractures associated
with endodontically treated teeth can present difficul-
ties for both the endodontist and the periodontist. The
periodontist is often the first to see the case. The diag-
nosis can be made more easily if the dentist alerts him-
self to certain radiographic and clinical signs present.
Horizontal fractures of roots are frequently associated
with accidents.! 2 A vertical fracture in an endodon-
tically treated tooth was first seen and reported because
of a periodontal abscess and vertical bone loss.? Pol-
son* reported four cases of periodontal destruction as-
sociated with vertical root fractures. Reasons given for
vertical root fractures are volumetric expansion of end-
odontic pins or posts due to corrosion,>7 excessive
pressure during placement of endodontic posts,® *°
wedging action of inlays, and excessive pressure during
lateral condensation of the gutta-percha during obtura-
tion of the canal.'® Often a definitive diagnosis can be
made only when the affected tooth is explored by surgi-
cal means and the fracture line is seen. Extraction is
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normally indicated.'" '> The purpose of the present
study was to attempt to identify the causes of vertical
root fractures and the diagnostic signs normally
present.

MATERIALS AND METHODS

Thirty-two cases of vertical root fractures verified by
surgery and documented by color photographs were
used in the study. Routine probing of the sulcus was
accomplished on all the affected teeth, and the vertical
bone loss was noted. Full flap procedures were used on
all the patients. If the tooth or affected roots were ex-
tracted, fractures were evaluated and photographed.
Cross sections of four representative teeth having verti-
cal fractures were studied. For the majority of cases
radiographs included preoperative, time of fill, yearly
recalls, and preextraction (except for the nine cases
where the teeth were retained). The patients ranged in
age from 21 to 83 years.

FINDINGS

Table I records clinical and radiographic findings.
Table II postulates the cause of the fracture. Table 111
groups the patients according to age.
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Fig. 1. A radiograph of a vertical fracture where definite displacement of the root has occurred.

Table I. Diagnostic signs from 32 vertical root fractures

Table ll. Possible causes of the 32 vertical root fractures

No. of Percentage No. of Percentage
Sign teeth of total cases Cause teeth of total cases

Radiographic radiolucency only at 7 21.88 Excessive force used at time of 27 84.38

root apex lateral condensation of the gutta-
Radiographic radiolucency involving 24 75 percha

the periodontal ligament (widening) Seating and cementation of inlay on 1 3.13
Radiographic evidence of displace- 1 3.13 an endodontically treated tooth

ment of a portion of the root Seating and cementation of inlay on 2 6.25
Probable osseous defect 30 93.75 a vital tooth
Severe pain 2 6.25 Seating and cementation of post in 1 3.13
Mild pain or dull discomfort 21 65.63 an endodontically treated tooth
Absence of pain or discomfort 9 28.13 Placement and cementation of pin in 1 3.13
Snapping or cracking sound heard 6 18.75 an endodontically treated tooth

at time of obturation of the canal
Presence of a periodontal abscess 9 28.13
Presence of a fistulous tract 4 12.5

The time between the canal filling and the onset of
symptoms, severe enough for the patient to seek treat-
ment, varied from 3 days to 14 years. The average time
between these two intervals was 3.25 years. In two
cases endodontic therapy was repeated because the
tooth was still ‘‘sore.’” A third case was retreated end-
odontically because the periapical lesion failed to re-
solve. Another case had been treated by apicoectomy
because the periapical lesion remained. At the time of
surgery, bone loss was noted on the buccal aspect of the
involved root. A vertical fracture was not seen, prob-
ably because the operator did not consider a vertical
root fracture as a possible cause of alveolar bone loss.
The defect persisted; and when again surgerized, the
root fracture was evident and the tooth extracted. In all
but nine cases treatment consisted of extraction of the
involved tooth. Of these nine cases, five resulted in root
amputations and four were treated by apically posi-

tioned flap procedures and osseous recontouring. The
defects in the last four cases were minimal, and the area
was made accessible for oral hygiene procedures.

As noted in Table I, all of these patients except two
had osseous defects. In these two cases the teeth were
extracted 3 days after completion of endodontic ther-
apy. Evidently sufficient time had not elapsed for the
bone loss to occur. In both cases a sharp crack was
heard during lateral condensation of the gutta-percha.
In the cases where pockets could be probed, the bone
loss occurred in the area of the vertical root fracture and
extended to the deepest point of the fracture line.

Twenty-one (65.63 percent) of the patients had only
mild pain or complained of a dull discomfort in the
area, while nine (28.13 percent) had no symptoms.
Only two patients (6.25 percent) had severe pain, and
both had the teeth extracted 3 days after obturation of
the canal. Nine patients (28.13 percent) had a periodon-
tal abscess or reported one that would come and go.
Fistulous tracts were present in four cases (12.5 per-
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Fig. 3. A probable osseous defect is present in the area of the vertical root fracture.

cent). Six of the patients (18.75 percent) gave a history
of a “‘snapping’’ or ‘‘cracking’’sound at the time the
root canal was filled.

Radiographically, 24 of the 32 patients (75 percent)
showed diffuse widening of the periodontal ligament
space. Seven patients (21.88 percent) showed evidence
of periapical pathosis. In only one case could displace-
ment of the root be readily seen (Fig. 1).

Table II shows that the majority (84.38 percent) of
the vertical root fractures reported in this study oc-
curred at the time of the root canal filling, the result of
excessive force during lateral condensation of the
gutta-percha. The fractures were probably due to seat-
ing (tapping or forcing) and cementing the inlays,
posts, and a pin.

In Table III it is noted that of the 32 cases, 19 (59.38
percent) occurred in patients over the age of 50. When
the 40-year age group is included, this figure increases
to 78.13 percent.

DISCUSSION

The diagnosis of vertical root fractures can present
problems, but there are certain distinctive features that
make the diagnosis less difficult. Vertical fractures are
usually associated with endodontically treated teeth.
Radiographically, a diffuse radiolucent area of the
periodontium is often present. Fig. 2 is an almost
classic example of the type of radiolucency seen. The
defect can be probed (Fig. 3), and the fractures are
quite evident at the time of surgery (Fig. 4). Upon
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Fig. 4. Vertical root fractures of both roots are evident at the time of surgery.

&

Fig. 5. After extraction of the tooth, the vertical fractures of
both mesial and distal roots can easily be seen.

extraction of the tooth, vertical root fractures are seen
both on the mesial and distal roots (Fig. 5). Fig. 6
shows a radiograph of a periapical radiolucency. This
can be misleading, since only the periapical area seems
involved. Upon probing, an osseous defect is present
on the buccal aspect of the tooth (Fig. 7), which is
visible at the time of surgery (Fig. 8). Since the bone
loss was on the buccal aspect of the tooth, the defect
was not evident on the radiograph. A somewhat similar
case of a periapical radiolucency is seen in Fig. 9,
where surgery also revealed bone loss on the facial

Table lll. Age groups of patients

Age (years) No. in group Percentage of total cases

20-30 3 9.38
30-40 4 12.5

40-50 6 18.75
50-60 9 28.13
60-70 7 21.88
70-80 2 6.25
80-90 1 3.13

Total No. of patients 32

(Fig. 10). In this case there was an additional clue thata
vertical root fracture may be present because of the
thickness of the gutta-percha cone seen at the apex of
the root radiographically. The extracted tooth verified
this (Fig. 11).

As seen in these patients, probing revealed an osse-
ous defect in the area of the fracture. This bone loss
occurs fairly rapidly after the break. In only two early
cases of vertical root fractures was an osseous defect
not present and, therefore, no pocket present. The
probe is one of the diagnostic tools that should be
utilized.

Pain was minimal or completely absent for the most
part. In only two instances did the patients complain of
severe pain, and in both cases a sharp crack was heard
at the time of final condensation of the root canal
filling. Within 24 hours pain started and became pro-
gressively worse. Both teeth were extracted 3 days after
the filling. Fig. 12 is the radiograph of an endodon-
tically treated tooth and is essentially normal. Probing
revealed no osseous defect. When a full-thickness flap
was retracted, no bone loss was evident (Fig. 13). Evi-
dence of a vertical fracture was seen in that portion of



Volume 49
Number 3

Vertical root fractures 247

Fig. 7. An osseous defect is probable on the buccal aspect of the tooth which extends to the apex.

the root visible, and upon extraction (Fig. 14) the frac-
ture line was revealed extending the length of the root.

An additional clinical sign of a vertical root fracture
may be the presence of a periodontal abscess (Fig. 15).
The abscess may come and go, as happened with the
tooth seen in Fig. 16. This case was especially interest-
ing, since the canal was obturated 7 years previously.
At the time of the first yearly recall (Fig. 17) a slight
thickening of the periodontal ligament is noted at the
apex of the mesial root, but the distal root was observed
to be essentially normal. The tooth was asymptomatic
for 6 years until a periodontal abscess developed near
the distal root. A radiograph at this time (Fig. 18) re-
vealed a radiolucency around the apex of the distal root
extending into the furcation area. Radiographically, the

mesial root area was relatively unchanged during the
6-year period. A vertical fracture of the distal root was
found at the time of surgery, and the root was ampu-
tated. Fig. 19 shows the presence of a fistulous tract.
The radiograph presents the typical appearance seen in
vertical root fractures (Fig. 20). After surgery and ex-
traction of the tooth, a cross section of the root was
photographed (Fig. 21). The fracture line extends from
the root canal to the mesial aspect of the root. It ex-
tended the length of the root.

As seen in Table II and mentioned in the findings,
the majority of fractures (84.38 percent) could be attri-
buted to excessive force when vertically or laterally
condensing the gutta-percha. In 1931, Arnold*® com-
mented after an article on an endodontic filling mate-
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Fig. 10. The vertical root fracture and bone loss associated
with it are visualized during surgery.

Fig. 8. The vertical root fracture and bone loss are seen at the
time of surgery.

Fig. 11. The extracted tooth with the large gutta-percha cone
is seen.

rial, “‘It is the packing with solids in canal work that
takes time, costs money and also splits roots.”” Much
has been written concerning the possibility of root frac-
tures being caused by corrosion of root canal pins
Fig. 9. A radiograph of another vertical fracture. This case and/or posts; but in one article it was also surmised that
had a periapical radiolucency. The gutta-percha cone is very trauma might be the cause of the fractures.' A case
thick at the apex and gives a clue as to the cause of this lesion. which illustrates vertical fractures caused by excessive
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Fig. 12. A case of a vertical fracture with no radiographic signs. The root canal filling has been completed 3 days

previously, and the patient had severe pain.

Fig. 13. Bone loss had not occurred as yet at the site of the vertical fracture.

force rather than by corrosion is seen in Fig. 22. This is
a cross-section of a two-rooted molar. The distal, larger
root, filled with gurta-percha, had a fracture extending
from buccal to lingual. The mesial root, having two
silver cones, presented no fracture line extending to the
outer surface, and no corrosive products were visible.
Four root fractures in this study could be attributed to
seating and cementing of inlays or posts. All were gold,
which does not corrode. The last case of a small verti-
cal fracture caused by a steel pin was not extracted nor
studied for possible corrosive products. Theoretically it
is doubtful that corrosive forces can cause the splitting
of roots. It is our conclusion that any corrosion that is
seen is due to the fact that the fracture occurred first,

allowing the fluids of the mouth access to the metal.
Once the fracture has occurred, it becomes a source of
chronic inflammation and leads to periodontal break-
down,'? loss of alveolar bone, and a periodontal defect
opening into the oral cavity.

A fracture that occurred while *‘tapping’’ an inlay
into position is seen in Fig. 23. The fracture line starts
at the corner of the inlay at the mesial gingival line
angle. After the inlay was ‘‘tapped’’ into place and
cemented, the tooth became sore and was treated end-
odontically. Tight-fitting posts have been known to re-
sult in vertical fractures.® The use of burs to obtain post
room in canals can weaken roots, making them more
susceptible to vertical fractures, and may even result in
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Fig. 14. After extraction, the vertical root fracture is seen
extending the length of the root.

Fig. 15. A periodontal abscess is present by a tooth with a
vertical root fracture.

perforations through the side of the root. Gerstein and
Burnell'® presented a technique using prefabricated
precision dowels that reduces the possibility of frac-
tures or perforations. Another case of a tooth that had a
vertical root fracture due to excessive pressure of con-
densation and then was further damaged at the time
when the post was seated follows. Fig. 24 is the radio-

Oral Surg.
March, 1980

Fig. 16. A fistulous tract in the area of a vertical root fracture.
This patient told a history of a periodontal abscess that would
“‘come and go.”’

Fig. 17. A radiograph of a case of vertical root fracture at the
first yearly recall after endodontic therapy had been com-
pleted. The tooth was asymptomatic.

Fig. 18. Six years after completion of endodontics, the patient
now was having periodontal abscesses. The radiograph shows
a radiolucency at the apex of the distal root and evidence of
pathosis extending into the furcation area.
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Fig. 20. Radiograph showing the typical findings of vertical
root fractures.

Fig. 21 A cross section of the root. The fracture line extends
from the canal to the mesial facial aspect of the root.
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Fig. 22. The mesial canals were filled with silver cones and no
fracture lines are evident. The distal root which is thicker has
a fracture line from the canal to the outer aspects on both the
buccal and lingual. This canal had been obturated with
gutta-percha.

graph taken at the first yearly recall, and a periapical
radiolucency is present. The patient complained that
the tooth was sore from the time the root canal filling
was first completed. Fig. 25 is the radiograph taken 3
years after cementation of the post and crown. An en-
largement of the radiolucent area at the apex has oc-
curred during the 3-year interval. At the time of surgery
(Fig. 26), vertical and horizontal fractures are evident
which can be attributed to both the endodontic treat-
ment and cementation of the gold post. It is conceivable
that even a pin can result in a small fracture if the hole
prepared for it is too small, or if too much force is used
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Fig. 23. A vertical fracture is seen extending in an apical direction from the mesial gingival line angle of the inlay.
The gutta-percha filling is seen through this fracture.

Fig. 25. Radiograph taken 3 years after cementation of the
Fig. 24. Radiograph of a vertical root fracture seen at the first post and crown. The periapical radiolucency seen in Fig. 24
yearly recall. A radiolucency is seen at the apex of the tooth. has enlarged.
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Fig. 26. At the time of surgery both vertical and horizontal
root fractures are visible, which can be attributed to both the
endodontic treatment and the cementation of the gold post.

to seat it. It is well known that friction grip of self-
threading pins can cause crazing and stress cracks in
dentin.'?

To avoid vertical root fractures, the practitioner
should avoid the use of excessive force with possible
torque during lateral or vertical condensation of gutta-
percha. All intracoronal compound case restorations,
amalgams, and even pins can increase the possibility of
fracture. All dowels should show a passive fit and not
be ‘‘tapped’’ into position. In older patients it is rea-
sonable to assume that teeth may have become more
brittle with age. Also, after root canal treatment the
teeth become more brittle’® and therefore are more
likely to fracture from a given amount of force.

SUMMARY AND CONCLUSIONS

Thirty-two cases of vertical root fractures were stud-
ied as to possible causes and for distinctive diagnostic
features. Reasons for the fractures occurring were pre-
sented. Radiographic and clinical signs, which include
routine probing, were presented to help facilitate the
diagnosis of vertical fractures.

This study suggests that excessive force during lat-
eral condensation of the gutta-percha and excessive
force in seating Silver cones are the major causes of
vertical root fractures. Forcing or tapping inlays or
dowels into place and overpreparation of dowel space
are suggested as secondary causes.
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