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INTRODUCTION
The “Butterfly Effect” is an optical 
phenomenon that occurs in some 
cross-sections of root canals (1). 
It has been attributed to dentinal 
tubular sclerosis that differs in the 
mesiodistal and buccolingual di-
rections. This produces a character-
istic butterfly shape in transverse 
sections of the roots, caused by 
different shades of dentine (1). The 
presence of sclerotic dentine causes 
light to refract and scatter (2). A de-

crease in the number of dentinal tubules results in greater light transmission to give a translucent 
appearance (3). Root sections with the butterfly effect have been reported to have a lower density 
of dentinal tubules mesiodistally, corresponding to the wings of the butterfly. This effect has been 
observed in teeth from all age groups and at all levels of the roots (4). Roots with the effect have 
greater penetration of sealers and MTA buccolingually (5). This is thought to enhance entomb-
ment of bacteria, which could lead to improved treatment outcomes (5, 6).

The use of ultrasonic retrotips for root-end preparation can lead to increased formation of 
cracks in dentine (7, 8, 9). Cracks could promote microleakage and may even propagate to form 
vertical root fractures (VRF) (10). Most VRFs occur in root-filled teeth, and they usually run in 
the buccolingual direction (11). It has been suggested that teeth with the butterfly effect are 
more prone to developing cracks in this direction because of their significantly higher dentine 
hardness mesiodistally (12).

• Roots with the butterfly effect develop signifi-
cantly more cracks after apical surgery compared 
to roots without the effect.

• Cracks observed ran predominantly in a buccolin-
gual direction, which may explain the prevalence 
of vertical root fractures in this direction.

• ProRoot MTA may have a protective effect against 
crack formation during apical surgery.

HIGHLIGHTS

Objective: To investigate apical cracks in roots that exhibit the butterfly effect and that have undergone 
apical resection and ultrasonic root-end cavity preparation. The effect of the obturation material was also 
studied.
Methods: Forty extracted single-rooted teeth were decoronated at the cemento-enamel junction. Roots 
were viewed under a light microscope and coded according to the presence or absence of the butterfly 
effect. Canals were prepared using ProTaper Next instruments to size X3 and assigned to two obturation 
groups (gutta-percha and AH Plus, and ProRoot MTA alone). Each contained twenty roots (10 with the but-
terfly effect and 10 without the butterfly effect). Roots were resected perpendicular to their long axis, 3 mm 
from the apex, and cavities were cut using ultrasonic retrotips. Resin replicas were used for crack imaging 
from scanning electron micrographs. Statistical analyses were performed using Stata 13.1 (StataCorp, College 
Station, TX, USA).
Results: Cracks occurred more frequently in teeth with the butterfly effect (80%), with this difference be-
ing significant (P=0.001). Most cracks (73%) ran buccolingually. Teeth obturated with MTA developed fewer 
cracks compared to those obturated with GP and sealer.
Conclusion: Root-ends with the butterfly effect had a significantly higher number of buccolingual cracks fol-
lowing resection and ultrasonic root-end preparation. This might explain the development of some vertical 
root fractures, which usually run buccolingually. Canal obturation with MTA may be protective.
Keywords: Apical cracks, vertical root fracture, root-end resection
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or “NB” non-butterfly on the basis of the presence or absence 
of the effect (Fig. 1).

The working length of the roots was visually determined by 
subtracting 1 mm from the point at which a size 10–K file 
(Dentsply Tulsa Dental, Tulsa, OK, USA) was seen at the ma-
jor apical foramen. Canal orifices were flared with X-Gates 
files (Dentsply Tulsa Dental, Tulsa, OK, USA), and canals were 
prepared using ProTaper Next (Dentsply Maillefer, Ballaigues, 
Switzerland) instruments to size X3. Irrigation and recapitula-
tion with 5.25% sodium hypochlorite was carried out during 
canal preparation, and apical patency was maintained with 
a size 10-K file. Prior to obturation, the canals were irrigated 
with 5 mL of EDTA (EDTA 15%; Ultradent, South Jordan, UT, 
USA) solution for 2 min and then 5 mL of NaOCl for another 
2 min for removing the organic material and cutting debris. 
Canals were finally rinsed with 0.9% sterile saline and dried 
with paper points. Roots were randomly assigned to two 
obturation groups; GP with AH Plus sealer (Dentsply DeTrey, 
Konstanz, Germany) and ProRoot MTA (Dentsply Tulsa Den-
tal, Tulsa, OK, USA). Each group comprised 20 roots (10 B and 
10 NB).

The sealer was placed in the canals using a size 15-K file at the 
working length with a counter-clockwise motion. Obturation 
was performed with single ProTaper Next X3 GP cones. Excess 
GP was removed with a heated instrument and vertically con-
densed. MTA was placed in the other group of canals using the 
Micro Apical Placement System (Dentsply Tulsa Dental) and 
condensed using Buchanan pluggers (Kerr, Romulus, MI, USA). 
Filled roots were stored in 100% humidity at 37°C for 2 weeks 
to allow complete setting of the materials.

Roots were embedded in acrylic resin (Vertex™ Castapress, 
Vertex-Dental, Zeist, The Netherlands) in plastic cuvettes (LP 
Italiana SpA, Milan, Italy) such that the apical third extended 
beyond the cuvette to allow access for resection. A silicone 
stent was made to simulate a bony crypt and mimic a limited 
degree of visual and surgical access (Fig. 2). All preparations 
were done by a single operator using a dental operating mi-
croscope (DOM; OPMI pico, Carl Zeiss Ltd, Oberkochen, Ger-
many) at 6× magnification within the crypt simulator. Roots 
were resected perpendicular to their long axis, 3 mm from the 
apex, using a high-speed tungsten carbide surgical bur (H162, 
Komet, Gebr. Brasseler, Lemgo, Germany) under copious water 
irrigation. Root-ends were polished with an ultra-fine 30-fluted 
composite finishing bur (H135UF, Komet). They were then in-
spected for cracks using DOM at 10× magnification.

Three-millimeter-deep root-end cavities were cut using ultra-
sonic retrotips (ProUltra No. 2, Dentsply) powered by a Satelec 
P5 Newtron™ ultrasonic unit (Acteon, Merignac, France) on a 
power setting of 7, according to the manufacturer’s recom-
mendation, and with continuous water spray. Each retrotip 
was used a maximum of 10 times. Roots were re-inspected 
using DOM at 10×.

Impressions of the resected root-ends and root-end cavities 
were taken using a light-bodied polyvinyl siloxane (Exafast, 
GC Corporation, Tokyo, Japan). Replicas were poured using 
Araldite epoxy resin (Selleys Pty Ltd, Padstow, NSW, Australia). 

In recent years, numerous canal obturation materials have 
become available, with some claiming to have superior prop-
erties, such as the ability to strengthen teeth and minimize 
VRF. Roots filled with MTA demonstrate a higher resistance to 
VRF than those filled with gutta-percha (GP) and a sealer (13). 
Research on crack formation in teeth with the butterfly effect 
is lacking, and its potential clinical relevance warrants inves-
tigation. The aim of this study was to investigate apical crack 
formation following root-end resection and preparation in 
teeth with and without the butterfly effect and to determine 
whether this is influenced by the obturation material. It was 
hypothesized that teeth with the effect would develop more 
cracks buccolingually and that the obturation material would 
not be a contributing factor.

MATERIALS AND METHODS
A professional biostatistician was consulted and reviewed the 
study design. Power calculations were carried out to determine 
an appropriate sample size, which featured 80% power to de-
tect differences. Ethical approval was granted from the Univer-
sity of Otago, Dunedin, New Zealand (reference H15/077), to 
collect 40 permanent, single-rooted maxillary human teeth 
of similar shape and size. Teeth with root resorption, imma-
ture apices, fracture, or a root filling were rejected. Teeth were 
washed and stored in phosphate buffered saline (PBS, pH 7.4) 
until required. Teeth were decoronated at the cementoenamel 
junction with a diamond bur under constant water irrigation. 
Roots were viewed under a light microscope (EHT; Olympus, 
Tokyo, Japan) at 10× magnification and coded as “B” butterfly 

Figure 1. Root section (10×) under light microscope showing the butter-
fly effect. Arrows indicate complete buccal and lingual cracks
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They were left to cure at room temperature for 48 h and used 
for scanning electron microscope (SEM) analysis of cracks (JSM 
6700F, JEOL Ltd, Tokyo, Japan).

Bird’s eye-view micrographs (25×) of all roots were assessed by 
an examiner. Ten of the micrographs were further assessed by 
two calibrated and independent specialist endodontists. All 
three assessors were unaware about which root end condition 
was under consideration. Cracks were recorded according to a 
modified version of the classification provided by Layton et al. 
1996 (9) (Fig. 3). A superimposed grid was used to standardize 
crack direction records (Fig. 4). Observers viewed the images 
on their own computers following familiarization using exam-
ple micrographs.

Statistical analysis
A chi-squared test was used with an alpha value of 0.05 to 
analyze data, and Kappa tests were performed to determine 

Figure 2. Simulated bony crypt used for resection and root-end  
preparation

Figure 3. Crack classification following ultrasonic preparation (modified 
from Layton et al. 1996)
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Figure 4. SEM image (25×) of a resin replica of a root end showing as-
sessment grid

OTAGO WD 8.0 mm1 mmX255.0kVLEI

Figure 5. SEM image (25×) of a resin replica of a root end showing a 
buccal crack (arrow)

OTAGO WD 8.0 mm1 mmX255.0kVLEI
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DISCUSSION
In this study, it has been determined that the presence of the 
butterfly effect is a risk factor for the formation of cracks during 
ultrasonic preparation of root-end cavities. Ultrasonic instru-
ments are used because they achieve ideal cavity designs dur-
ing root-end preparations, minimizing the need for bevels (14). 
Because of their size, the cutting tips are easily placed into the 
canal and oriented down the long axis of the root. Ultrasonic 
tips are able to produce well-defined conservative preparations, 
3 mm into the root, that are parallel to the axial inclination and 
conform to the root canal anatomy (15). However, these instru-
ments have some limitations. Studies have highlighted an in-
creased formation of cracks in radicular dentine (7, 8). This was 
first noted as an incidental finding in the study by Saunders et 
al. (7). Their methodology dehydrated the material prior to eval-
uation of cracks; therefore, artifacts could not be eliminated (7).

Preparation of teeth for SEM requires extensive dehydration, 
which is associated with artifactual cracks in the dentine (16) 
and shrinkage of filling materials (17). To overcome such lim-
itations, dimensionally stable replicas of roots are used (16). 
The replicas are formed using polyvinyl siloxane impressions 
poured with epoxy resin (8, 18). These are accurate and resis-
tant to damaging SEM preparation processes (8, 16, 18).

Another confounder is the ultrasonic power setting. Layton 
et al. investigated crack formation after root resection and 
root-end preparation using different power settings (9). They 
reported significantly more canal cracks after root-end prepa-
rations than after root resection and found that cracking oc-
curred significantly more often in preparations done with high 
power. Another study on power settings reported similar re-
sults (19). However, an in vitro study found that lowering the 
power setting produced a greater number of cracks (20). In the 
present study, the power setting used was that recommended 
by the manufacturer and was kept constant for all roots.

interexaminer reliability. Statistical analyses were performed 
with Stata 13.1 (StataCorp, College Station, TX, USA).

RESULTS
An example of apical cracks in a tooth with the butterfly ef-
fect is shown in Fig. 5, and SEM results appear in Tables 1 
and 2. None of the teeth developed cracks during root-end 
resection, but half of them developed cracks following ultra-
sonic preparation. Cracks occurred significantly more often 
in teeth with the butterfly effect (80%) than in those without 
the effect (20%) (P=0.001). Majority cracks ran in the buccol-
ingual direction (73%) compared with that in the mesiodis-
tal direction (27%). Complete and incomplete canal cracks 
were more common (41% and 32%, respectively) than in-
tradentine and cemental cracks (22% and 5%, respectively). 
Teeth obturated with ProRoot MTA developed fewer cracks 
(40%) than those obturated with GP and AH Plus (60%), but 
this finding did not reach statistical significance (P=0.206). 
Agreement between the three examiners was moderate 
(Kappa=0.524). Two examiners agreed very well with each 
other (Kappa=0.783).

TABLE 1. Presence of cracks in resected and prepared root-ends (data from AR)

Tooth type Obturation group  Detection method & number of teeth with cracks

  Resected root-ends Resected, prepared Replicas of resected,
  (operating root-ends (operating prepared root-ends
  microscope x10) microscope x10) (SEM x25)

Butterfly AH Plus & GP 0 8* 10
(n=20) (n=10)
 MTA (n=10) 0 5* 6
Non butterfly AH Plus & GP 0 2 2
(n=20) (n=10)
 MTA (n=10) 0 2 2

*Teeth had no detectable cracks under an operating microscope, but cracks were seen on the SEM image of the resin replica

TABLE 2. Crack type and direction in replicas of resected and pre-
pared root-ends (data from AR)

  Number of cracks

Direction Bucco-lingual 16
 Mesio-distal 6
 TOTAL 22
Crack Classification Complete canal 9
 Incomplete canal  
 Intradentine 5
 Cemental 1
 TOTAL 22

*Total number of cracks exceeds the number of teeth as some roots developed 
multiple cracks

Crack class Description

1. Complete canal Crack emerges from the canal space and extends to the outer root surface.
2. Incomplete canal Crack emerges from the canal space and extends partially into the radicular dentine but ends short
 of the external root surface.
3. Cemental Crack radiating from the cemental surface to the cementodentinal junction and into the dentine.
4. Intradentine BL Crack confined to the dentine and runs in a buccolingual direction, mesial or distal to the canal.
5. Intradentine MD Crack confined to the dentine and runs in a mesiodistal direction, either buccal or lingual to the canal.
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ultrasonic for preparing a root-end cavity. This, in turn, may 
reduce the risk of crack formation in the resected root-end. 
However, if after resection, MTA appears poorly condensed or 
in retreatment cases, GP cannot be completely cleared from 
the canal wall, ultrasonic root-end preparation and fresh MTA 
placement is recommended (28).

The bioactivity of MTA has been attributed to its setting re-
action, which produces calcium hydroxide and calcium sil-
icate hydrate (29). A SEM study reported that MTA used in 
obturation of root canals can entomb bacteria within denti-
nal tubules by an intratubular mineralization effect (30). Over 
time, MTA induces hydroxyapatite crystalline growth inside 
the dentinal tubules (30). This property of MTA is favourable 
and potentially promotes healing by creating an environment 
that is inhospitable to microbial growth. The mineralization 
effect within the tubules may also strengthen roots and pro-
tect against crack formation. The present study supports this 
suggestion. Although not statistically significant, fewer cracks 
were observed in roots obturated with ProRoot MTA following 
resection and cavity preparation, regardless of the presence or 
absence of the butterfly effect. Further research into the possi-
ble protective effect of MTA canal obturation against VRF for-
mation is warranted; its use as a root-end restorative material 
may also have a protective effect.

CONCLUSION
Roots with the butterfly effect featured significantly more 
buccolingual cracks following root resection and ultrasonic 
rootend preparation. This may explain the high prevalence of 
VRFs that run buccolingually and that may be promoted by 
cutting a root-end cavity. Obturation of the root canal with 
ProRoot MTA potentially protects against crack formation dur-
ing apical surgery.
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Teeth of known patient age (25–40 years) were used. Age was 
unlikely to be a confounding factor as teeth of all age groups 
have been reported to exhibit the butterfly effect (4). A possi-
ble limitation of the present study is that it is unknown if crack 
formation is the same in vivo where a periodontal ligament 
allows physiological movement. Cutting was performed in 
hand-held cuvettes. A recent in vivo study reported that ul-
trasonic preparation is safe for intact teeth but can promote 
propagation of existing defects (21). The presence of natural 
periradicular tissues (periodontium and bone) may prevent 
cracking in teeth undergoing orthograde root canal instru-
mentation (21). However, teeth requiring apical surgery are 
often associated with periapical bone resorption.

It is well documented that majority VRFs occur in root-filled 
teeth and that they usually run in the buccolingual direction 
(11, 22). Such fractures can be devastating for patients who 
have often invested time and finances, only to have the tooth 
extracted. Cracks following apical surgery have also been re-
ported to run predominantly in the buccolingual direction 
(23). Studies exploring why cracks develop in this direction are 
limited. Research has suggested that teeth with the butterfly 
effect are more prone to developing cracks in the buccolin-
gual direction because of their significantly higher dentine 
hardness mesiodistally (12). The present investigation demon-
strates the high number of buccolingual defects that develop 
in teeth with the butterfly effect following ultrasonic root-end 
preparation. This suggests that these roots are more prone to 
developing VRFs in the buccolingual direction during or after 
apical surgery. It is, therefore, prudent for clinicians to examine 
root-ends during surgery to try to identify the presence of the 
butterfly effect.

Cracks are difficult to diagnose in a surgical situation; in this 
study, three cracks in roots with the butterfly effect were not 
detected using DOM but were seen later using SEM. The ac-
curacy of crack detection improves with increasing magnifi-
cation; however, even at 35× magnification, sensitivity and 
specificity is limited (24). Refraction of light on sclerosed 
dentin and the presence of translucent wings of the butterfly 
may explain the increased difficulty in crack detection. Use of 
an endoscope (25), transillumination with an LED diagnostic 
probe (21), and staining of the root-end with dyes, such as 
methylene blue, may help in detecting cracks (25).

The present study determined that crack detection from SEM 
images can be challenging. Two examiners agreed very well 
with each other (Kappa=0.783) and the other agreed only 
moderately (Kappa=0.546). This difference highlights difficul-
ties in obtaining an accurate diagnosis on cracks, even under 
ideal conditions of high magnification using a computer screen 
rather than in a surgical site. This finding is in accordance with 
previous studies that have reported that crack detection can 
be difficult and subjective regardless of the method used (24).

Orthograde obturation of the apical canal space with MTA 
should be considered when future apical surgery is antici-
pated. Studies have shown that root-end resection does not 
significantly affect the sealing ability of MTA when at least 
3 mm of the material remains (26, 27). This is advantageous 
because canal obturation with MTA removes the need to use 
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