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Abstract 
Background and Aim: This study compared the fracture resistance 
and esthetic appearance of reattached incisor tooth fragments with 
different preparation techniques in simulated crown fractures (CFs).  
Materials and Methods: In this in vitro study, 50 permanent maxillary 
incisors were randomly divided into five groups (n=10). After induction 
of uncomplicated CFs, the fractured teeth were restored using five 
methods: (I) simple reattachment (SR), (II) circumferential chamfer 
(CC), (III) buccal scalloped bevel and lingual bevel (BSB&LB), (IV) 
buccal and lingual overcontour (BO&LO), and (V) buccal scalloped bevel 
and lingual overcontour (BSB&LO). After thermocycling, the fracture 
resistance of the teeth was measured, and their esthetic appearance 
was assessed using Easyshade spectrophotometer and the United 
States Public Health Service (USPHS) visual scale. One-way ANOVA, 
Tukey’s post-hoc test, and paired t-test were used to analyze the data 
(alpha=0.05).   
Results: The secondary fracture resistance was significantly lower than 
the primary fracture resistance in the control (P=0.000), CC (P=0.01), 
BSB&LB (P=0.004), BO&LO (P<0.001), and BSB&LO (P<0.001) groups. 
The CC group showed a significantly higher secondary fracture 
resistance than the BO&LO group (P=0.02). Although a more favorable 
esthetic appearance was observed in the BSB&LB group, no significant 
difference was found in color difference (∆E) among the groups. 
Moreover, no statistically significant difference was detected among the 
study groups regarding the USPHS scale (P>0.05). 
Conclusion: Restoration with the CC method may improve the fracture 
resistance of reattached fragments in simulated CFs in maxillary 
incisors. However, no considerable difference was found regarding the 
esthetic appearance among the tested techniques.  
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Introduction 
Traumatic dental injury is a challenging oral 

health problem that encompasses a broad 
variety of injuries, each requiring a particular 
treatment [1]. As the fifth most common 
condition, 22.7% of the people experience dental 
trauma worldwide [1, 2]. Impaired esthetics, 
mastication, and speech, and financial burden 
caused by dental injuries may all have adverse 
effects on psychological health [3, 4]. 
Additionally, if not managed timely, it can 
adversely affect the social activities and quality 
of life of patients [3]. Simple crown fracture (CF) 
without pulp exposure is the most common type 
of dental injury, affecting almost 900 million 
individuals between 7 to 65 years worldwide [1, 
5]. The majority of CFs occur in maxillary central 
incisors due to their position and protrusion [6]. 
Currently, CFs are usually treated by full-
coverage composite restorations, laminate 
veneers, and ceramic crowns; however, their 
effectiveness is limited due to substantial 
sacrifice of the remaining tooth structure during 
preparation [6]. Moreover, it has been 
documented that the natural esthetic 
appearance of traumatized teeth cannot              
be fully restored with the abovementioned 
treatments [7].  

Evidence shows that patients with CF may 
benefit from the fragment reattachment 
technique using composite resin as a simple, 
low-cost, and fast treatment option with minimal 
complications [8, 9]. This approach has several 
therapeutic benefits compared to the 
conventional composite restorations, such as 
improved esthetics due to preservation of the 
shape, color, transparency, and surface texture 
of natural tooth and an incisal edge wear 
comparable to that of the adjacent teeth [7]. In 
this regard, clinicians have employed a variety of 
preparation techniques to increase the fracture 
resistance of reattached fragments such as 
enamel bevel, external chamfer, dentinal groove, 

overcontour, and simple reattachment without 
any preparation [7, 10, 11]. There are certain 
indications, benefits, and drawbacks associated 
with each of these preparation techniques. 
Earlier investigations have revealed that 
reattached teeth without any preparation have a 
lower fracture resistance than those restored 
with beveled, chamfered, and circumferentially 
beveled methods [12, 13]. On the other hand, 
dental esthetics may be adversely affected by 
replacement of dentin with composite resin in 
the dentinal groove technique [7]. In addition, it 
has been suggested that the external chamfer 
procedure may facilitate the repositioning 
procedure of the fractured fragment compared 
to other preparation methods [14]. However, the 
composite resin used in the external chamfer 
and overcontour methods may negatively affect 
the esthetic appearance of the teeth in the long-
term due to color change or wear of composite          
resin [14].  

Although several preparation methods have 
been previously examined, only a few have 
investigated the fracture resistance and esthetic 
appearance of reattached fragments. Therefore, 
the current study aimed to evaluate and 
compare the fracture resistance and esthetic 
appearance of reattached incisor tooth 
fragments with different preparation techniques 
in simulated CFs. 

 
Materials and Methods 
Study samples: 

This in vitro study evaluated 50 human 
maxillary central incisors freshly extracted for 
periodontal reasons. The study was approved by 
the Ethics Committee of Mashhad University of 
Medical Sciences (IR.MUS.SD.REC.1393.922008). 
A digital microscope (Dino Lite Pro 8c2937, 
Taiwan) was used to inspect the samples at 40x 
magnification. Sound teeth with no caries, 
cracks, or fractures were included in the study. 
An ultrasonic scaler (Guilin Woodpecker Medical 
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Instrument Co., Ltd. Guangxi, China) was used to 
eliminate the remaining periodontal tissues. 
Before the experiment, all samples were 
disinfected with 0.2% thymol (Adonis Gol Darou 
Co., Tehran, Iran) and stored in saline (Samen 
Pharmaceutical Co., Mashhad, Iran) which was 
refreshed weekly. In order to assess the primary 
esthetic appearance of the teeth, their color was 
spectrophotometrically analyzed using 
Easyshade spectrophotometer (VITA Zahnfabrik, 
Bad Säckingen, Germany). Finally, the tooth 
crowns were sectioned into equal thirds using 
both horizontal and vertical lines. Specimens 
were then mounted in a cylinder containing 
auto-polymerizing acrylic resin (Acropars 200,     
Marlic Medical Industries Co., Tehran, Iran) to 1 
mm below their cementoenamel junction to 
simulate CF.  

 
Measurement of primary fracture resistance: 

Load was applied to the intersection of the 
incisal third and mesial third of the enamel 
surface in a universal testing machine (Santam, 
Tehran, Iran) with a crosshead speed of 0.6 
mm/minute in buccolingual direction (Figure 1). 
The fracture resistance was then measured in 
Newtons (N) [15]. All fractured segments were 
stored in distilled water for 24 hours before the 
restoration procedure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Load application for measurement of fracture 
resistance 

Sample restoration: 
Initially, 37% phosphoric acid (3M ESPE, St 

Paul, MN, USA) was used for 30 seconds to etch 
the enamel surface, and for 10 seconds to etch 
the dentin surface, followed by rinsing and air 
drying  for 10 seconds [16]. Next, Adper 
Singlebond 2 adhesive (3M ESPE, St Paul, MN, 
USA) was applied according to the 
manufacturer’s instructions [16], and light-cured 
(Blue Phase C8; Ivoclar Vivadent, Schaan, 
Lichtenstein) with a light intensity of 500 
mW/cm2 for 20 seconds. The light curing unit 
was calibrated for each study group according to 
the manufacturer's instructions. A thin coating of 
flowable composite resin (Z350 Filtek; 3M ESPE, 
St Paul, MN, USA) matching the tooth color was 
applied to     reattach the fractured fragment, and 
light-cured for 40 seconds from the buccal and 
lingual directions [15].   

 
Study groups: 

The specimens were randomly divided into 
five groups (n=10) as follows: 

Control group: Simple reattachment without 
any preparation. 

Circumferential chamfer (CC) preparation: A 
circumferential chamfer was prepared with 0.5 
mm depth and 2 mm width around the fracture 
line using a No.2 round diamond bur (D&Z 
GmbH, Frankfurt, Germany), followed by the 
restoration procedure (Figure 2). 

 
 
 
 
 
 
 
 
 
 
Figure 2. Circumferential chamfer preparation from the 
buccal and mesial views in a maxillary incisor 
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Buccal scalloped bevel and lingual bevel 

(BSB&LB) preparation: A scalloped bevel (0.5 
mm depth, 2 mm width) was prepared in the 
buccal surface using a flame bur. Moreover, 
another bevel (0.5 mm depth, 2 mm width) was 
prepared around the fracture line in the lingual 
surface by a No.2 round diamond bur.             
Finally, restoration was performed as explained 
earlier (Figure 3). 
 
 
 
 
 
 
 
 
 
Figure 3. Buccal scalloped bevel and lingual bevel 
preparation from the buccal and mesial views in a maxillary 
incisor 

 
Buccal and lingual overcontour (BO&LO) 

preparation: An overcontour in the buccal and 
lingual surfaces was prepared using a thin layer 
of green wax (0.5 mm thickness, 2.5 mm 
coronoapical extension) sticking to the fracture 
line and then an impression was made using 
putty impression material. After etching and 
bonding, composite resin was applied on the 
putty index and placed on the tooth; light curing 
was then performed (Figure 4).  
 
 
 
 
 
 
 
 
 
Figure 4. Buccal and lingual overcontour preparation from 
the buccal and mesial views 

Buccal scalloped bevel and lingual overcontour 

(BSB&LO) preparation: A scalloped bevel (0.5 
mm depth, 2 mm width) was prepared in the 
buccal surface as explained earlier. An 
overcontour (0.5 mm thickness, 2.5 mm 
coronoapical extension) was prepared in the 
lingual surface. Finally, restoration was 
performed as explained earlier (Figure 5). 

 
 
 
 
 
 
 
 
 
 

Figure 5. Buccal scalloped bevel and lingual overcontour 
preparation from the buccal and mesial views in a maxillary 
incisor 

 
All teeth were stored in distilled water for 24 

hours and were then thermocycled for 1000 
cycles between 5℃-55℃ w ith a dwell time of 15 

seconds under controlled conditions. All the 
experimental procedures, such as tooth 
preparation, restoration, fracture resistance 
testing, and esthetic appearance assessments 
were made by one skillful operator. 
Assessment of esthetic appearance:   

The color of restored samples was evaluated 
spectrophotometrically using Easyshade 
spectrophotometer (VITA Zahnfabrik, Bad 
Säckingen, Germany) in daylight (10:00 a.m.). 
The color difference (ΔE) between the sound and 
restored teeth was analyzed using the following 
formula: 

 
ΔE*ab (L*a*b*) = [(ΔL*)2 + (Δa*)2 + (Δb*)2] ½ 

 
In this formula, L ∗, a ∗, and b ∗ represent the 

CIE L*a*b* color coordinates [17]. 
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Three operative dentists with proper color 
perception, as determined by the Ishihara test, 
inspected all the study samples. They were first 
calibrated by color assessment of 10 teeth other 
than the research samples. The kappa test was 
used to verify their inter-examiner reliability 
(K=0.8). To assess their intra-examiner 
reliability, they were asked to reassess the color 
of the same 10 teeth after a 2-week period. The 
visual esthetic assessments were performed 
using the United States Public Health Service 
(USPHS) visual scale [18]. The following scoring 
system was used:  

Alpha score: indicated that the fracture line 
was invisible and that the dental composite and 
natural teeth had an acceptable color match. 

Bravo score: indicated that the fracture line 
was detectable but not clearly visible. 

Charlie score: indicated a fully visible fracture 
line and a clinically unacceptable appearance. 
Each visual score was assigned a numerical 
value: 1 for Alpha, 2 for Bravo, and 3 for Charlie. 
The group with the closest average numerical 
value to 1 was the most satisfactory group 
according to the USPHS visual scale. 
Measurement of secondary fracture resistance: 

The fracture resistance of all specimens was 
measured again using a universal testing 
machine (Santam, Tehran, Iran) with a 
crosshead speed of 0.6 mm/minute at the same 
points specified in the first evaluation [15]. 
Statistical analysis: 

All statistical analyses were carried out using 
SPSS version 11.5 (SPSS Inc., Chicago, IL, USA). 
Normal distribution of data was confirmed by 
the Kolmogorov-Smirnov test. One-way ANOVA, 
followed by the Tukey’s post-hoc test were used 
to compare the study groups regarding the mean 
difference. In addition, the paired t-test was used 
to analyze the change in each group after the 
experiment. P<0.05 was considered statistically 
significant.  

Results 
Fracture resistance:  

The primary and secondary fracture 
resistance values of the study groups are 
presented in Table 1.  As shown, no significant 
difference was detected among the groups for 
primary fracture resistance (P>0.05). However, a 
statistically significant difference was observed 
in the secondary fracture resistance among the 
groups (P=0.02, F= 3.110). The CC group showed 
a significantly higher secondary fracture 
resistance than the BO&LO group (P=0.02). 

The secondary fracture resistance was 
significantly lower than the primary fracture 
resistance in the control (P=0.000), CC (P=0.01), 
BSB&LB (P=0.004), BO&LO (P<0.001), and 
BSB&LO (P<0.001) groups.  

Table 2 presents the percentage of reduction 
in fracture resistance after the reattachment 
procedure compared to sound teeth in the five 
study groups. The BO&LO group had the highest, 
and the CC group had the lowest reduction in 
fracture resistance. 
Esthetic appearance:   

Spectrophotometry: 

All groups had a mean ∆E greater than 3.3 
(CC showed the highest and BSB&LB showed the 
lowest value), indicating the visibility of the 
fracture line (Table 3). Although a more 
favorable esthetic appearance was observed in 
the BSB&LB group, no significant difference was 
seen in terms of ∆E among the groups.  
USPHS scale: 

The esthetic appearance scores according to 
the USPHS scale are reported in Table 4. At the 
end of the study, the experts gave the highest 
score to the BO&LO group; while the CC group 
acquired the lowest score. However, the 
difference in this regard was not significant 
among the study groups.  
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Table 1. Primary and secondary fracture resistance (N) of the study groups (n=10) 
 

Fracture resistance Group  Mean Standard deviation 
95% confidence interval of the difference 

Lower bound Upper bound 

Primary assessment 

Control  392.04 159.46 277.96 506.11 
CC  368.5 73.24 316.1 420.89 

BSB&LB  371.31 97.27 301.72 440.9 
BO&LO  386.78 81.46 328.5 445.05 

BSB&LO  350.97 146.61 246.09 455.84 
Total  373.92 113.03 341.79 406.04 

P-value* 0.94 

Secondary assessment 

Control a,b  104.35 87.16 42 166.7 
CC a  150.49 77.83 94.81 206.17 

BSB&LB a,b  135.18 96.93 65.83 204.52 
BO&LO b  52.89 26.23 34.13 71.65 

BSB&LO a,b  83.39 32.03 60.47 106.3 
Total  105.26 76.20 83.6 126.91 

P-value* 0.02 
 
Control: Simple reattachment, CC: Circumferential chamfer preparation, BSB&LB: Buccal scalloped bevel and lingual bevel 
preparation, BO&LO: Buccal and lingual overcontour preparation, BSB&LO: Buccal scalloped bevel and lingual overcontour 
preparation. 
Different superscripted letters indicate presence of a significant difference at P<0.05 according to the Tukey’s post-hoc test. 
* One-way ANOVA 
 
Table 2. Percentage of reduction in fracture resistance after reattachment (secondary-primary) 
 

Group Percentage of reduction  
Control 0.74 

CC 0.60 
LB&BS 0.64 
B&LO 0.87 

LO&BS 0.77 
 
CC: Circumferential chamfer 
LB&BS: Lingual bevel and buccal scalloped 
B&LO: Buccal and lingual overcontour 
LO&BS: Lingual overcontour and buccal scalloped 
 
 
Table 3. Mean ∆E of the study groups (n=10) 
 

Groups Mean Standard deviation 
95% confidence interval of the difference 

Lower bound Upper bound 
Control 10.77 3.06 8.58 12.97 

CC 14.58 9.97 7.44 21.71 
BSB&LB 5.70 4.33 2.61 8.8 
BO&LO 6.61 3.45 4.14 9.09 

BSB&LO 11.18 11.09 3.24 19.11 
Total 9.77 7.67 7.59 11.95 

P-value* 0.56 
 
Control: Simple reattachment, CC: Circumferential chamfer preparation, BSB&LB: Buccal scalloped bevel and lingual bevel 
preparation, BO&LO: Buccal and lingual overcontour preparation, BSB&LO: Buccal scalloped bevel and lingual overcontour 
preparation. 
* One-way ANOVA 
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Table 4. Visual assessment of esthetic appearance using the USPHS scale 
 

Groups Mean Standard deviation 
95% confidence interval of the difference 

Lower bound Upper bound 
Control 1.96 0.57 1.55 2.37 
CC 1.66 0.54 1.27 2.05 
BSB&LB 1.70 0.72 1.17 2.22 
BO&LO 2/10 0/84 1.49 2.7 
BSB&LO 2.03 0.69 1.53 2.52 
Total 1.89 0.68 1.69 2.08 
P-value* 0.51 
 
Control: Simple reattachment, CC: Circumferential chamfer preparation, BSB&LB: Buccal scalloped bevel and lingual bevel 
preparation, BO&LO: Buccal and lingual overcontour preparation, BSB&LO: Buccal scalloped bevel and lingual overcontour 
preparation. 
* One-way ANOVA 
 
Discussion  

This study assessed the fracture resistance 
and esthetic appearance of reattached incisor 
tooth fragments with various preparation 
methods in simulated CFs. The maxillary incisors 
were used in the present study to simulate CFs. 
The anatomy and anterior position of these teeth 
make them more susceptible to traumatic dental 
injuries compared to other teeth [6]. The 
maxillary incisors bear a high strain, requiring 
strong and esthetically pleasant restorations, if 
damaged [19]. In order to induce CFs, a vertical 
load was applied to the teeth at a crosshead 
speed of 0.6 mm/min, which was in accordance 
with previous studies [14, 20].  

The fractured segments were stored in 
distilled water for 24 hours since it has been 
documented that the bond strength of a 
fractured tooth may decrease if left in a dry 
environment for more than one hour [21]. 
Similarly, Lee et al. [22] found a notable 
reduction in bond strength of fractured teeth 
stored in %0.9 saline compared to the samples 
kept in distilled water before the reattachment 
process. Also, it has been reported that storing 
the fractured segments in a dry environment 
may play an important role in color mismatch of 
the restored teeth [20]. In this regard, 
Andreasen JO and Andreasen FM [23] reported 
that application of chemical-cure composite 

resins may also contribute to this issue. Since no 
differences have been found between light-cure 
and self-cure materials in the literature [14], 
light-cure composite was used for the 
restoration procedure in the present study due 
to its simple application. Besides, an adhesive 
system was applied after etching in the present 
study to improve the durability of the reattached 
fragment [23]. 

In the current study, the restoration 
procedure with the CC method was associated 
with the highest secondary fracture resistance 
among all the study groups. In agreement with 
the present findings, Bruschi-Alonso et al. [24] 
reported the superior impact strength of the CC 
technique for fragment reattachment in 
fractured anterior teeth. The suggested reasons 
for this finding include a) expanding the bonding 
surface area and allowing for a stronger bond 
between the fragment and the residual tooth 
structure due to changes in enamel prisms 
caused by chamfer preparation, and b) 
application of a composite in the chamfer area 
with exceptional mechanical qualities to 
strengthen the bonding interface [20, 25]. 
Besides, there are convincing reports regarding 
the improvement of fracture resistance with a 2-
mm chamfer compared to a 1-mm chamfer [26]. 

However, in the present study, the secondary 
fracture resistance of the samples did not reach 
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their primary fracture resistance (sound teeth) 
in any group, which was in line with the findings 
of previous studies [15, 20]. Likewise, a previous 
study reported that the fracture resistance of 
repaired teeth with the chamfer approach was 
60.6% of that of intact teeth [14]. It is worth 
mentioning that the fracture resistance of 
reattached specimens is mostly determined by 
the preparation design and the restoration 
material [27]. It can be assumed that the low 
flexural strength of resin may explain the 
present results regarding lower secondary 
fracture resistance than the fracture resistance 
of sound teeth [20]. Furthermore, another study 
reported that all teeth with reattached 
fragments required additional restorations after 
7 years [28]. Thus, the patients have to take 
extra care of the restored teeth [20]. 

In the current study, although the fracture 
lines were visually detectable in all groups, the 
esthetic appearance of the BSB&LB samples was 
acceptable spectrophotometrically, which may 
be due to larger etched surface and superior 
optical properties caused by the scalloped bevel 
in comparison with other preparation 
techniques. Differences between the results of 
the two esthetic assessment methods may be 
due to their different nature. As mentioned 
earlier, all teeth were evaluated at 10 a.m., at the 
same distance from the spectrophotometer tube. 
Conversely, the ambient light may affect the 
results of the USPHS due to the fact that 
assessments were performed at different times 
of the day. 

The main strength of the present study was 
comparison of four different conventional 
fragment reattachment methods. However, 
limitations of this study should also be taken 
into account when interpreting the results. This 
study had an in vitro design while the oral cavity 
is the ideal setting to evaluate the fracture 
resistance and esthetic appearance of the 
restored teeth. Also, performing visual esthetic 

evaluation in different lighting conditions may 
cause errors. Additionally, the present study did 
not assess the long-term changes in the 
specimens or their durability, microleakage or 
color stability, which may affect the 
interpretation of the results. 

 
Conclusion 

Restoration with the CC method may improve 
the fracture resistance of reattached fragments 
in simulated CFs in maxillary incisors. However, 
no considerable difference was found regarding 
the esthetic appearance among the tested 
techniques.  
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