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• Clinicians performing VPT in permanent molars of young patients should be aware that 
the teeth will be more prone for fractures

• Permanent molars restored with resin composites following VPT in young patients espe-
cially those in mandibles and those with pulp roof removal (partial and coronal pulpo-
tomy), showed higher a number of fractures.

• The results of our study may be useful for the development of specific guidelines for 
restoration in VPT-treated permanent teeth in young patients.

HIGHLIGHTS

Objective: This study aimed to evaluate the survival from fractures and risk factors of VPT-treated permanent mo-
lars restored with direct resin composites in young patients.
Methods: The dental records of patients aged 6 to 18 years with VPT-treated permanent molars restored with resin 
composites were retrospectively evaluated for the presence of fractures on these teeth. Kaplan-Meier methods 
were used to estimate the survival probabilities. The potential risk factors were assessed using the multivariable 
Cox proportional hazard model.
Results: A total of 234 treated molars from 189 patients were included. An overall average follow-up time was 
33.34±20.54 months (ranging from 6 to 83 months). At the end of the study, 21.8% of molars had fractures with the 
majority of them (92.2%) were restorable. Radiographically, only 3.9% of the fractured molars had periapical lesions 
and considered VPT failures. The percentages of the fracture types are as follows: 54.9% natural tooth structure frac-
ture, 27.5% restoration fracture, and 17.6% combination fracture. The most common fracture location among the 
37 molars with natural tooth fracture (either alone or in combination with restoration fracture) was at the marginal 
ridge (59.5%), followed by the marginal ridge extending to cusp (21.6%), and the cusp itself (18.9%). The cumula-
tive survival probabilities of these teeth decreased over time, reaching 66.02% (95% CI: 55.89–74.36) after 5 years. 
VPT-treated molars in the mandible had a 2.1 times higher risk of fracture than those in the maxilla. Furthermore, 
the molars treated with partial and coronal pulpotomy had 2.4 times and 4.6 times higher risks of fracture when 
compared to those with indirect pulp capping, respectively.
Conclusion: In VPT-treated permanent molars in young patients, more fractures were seen in mandibular teeth 
and in teeth with pulp roof removal (partial and coronal pulpotomy). Clinicians should plan for proper restoration 
on these teeth.
Keywords: Direct resin composite restorations, permanent molars, risk factors, survival from fracture, vital pulp therapy
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INTRODUCTION
Vital pulp therapy (VPT) is currently considered the viable 
option for management of vital permanent teeth with deep 
caries (1–3). According to the European Society of Endodon-
tology (ESE), types of VPT procedures, based on the concept of 
non-selective carious-tissue removal to hard dentine, include 
indirect pulp capping, direct pulp capping, partial pulpotomy, 
and coronal pulpotomy (4). Previous clinical studies regard-
ing VPT in permanent teeth of young patients reported high 
success rates, ranging approximately from 90% to 95% (5, 6). 
Although the high pulp healing capacity of permanent teeth 
in young patients makes the major contribution to promising 
results of VPT (5, 6), other unique features of these teeth may 
make them more susceptible to fractures, jeopardizing their 
long-term survival (7). 

Fractures of endodontically treated teeth are usually associ-
ated with loss of coronal tooth structure from extensive caries 
lesions and endodontic procedures (8, 9). Because of their 
incomplete mineralized dentine and enamel, deep caries of 
permanent teeth in young patients often results in exten-
sive loss of coronal tooth structure (7, 10). Furthermore, the 
thin dentine wall and large pulp chamber in these teeth can 
make them even more susceptible to tooth fracture (7). The 
devastating results of fractures in these teeth can range from 
compromising the success of endodontic treatment (11) to 
losing the treated tooth, if fractures are extensive and cause 
the tooth to be unrestorable (12).

To protect the tooth from fracture, a permanent full coverage 
crown is traditionally recommended (13). Nevertheless, the 
survival from fracture of root canal-treated molars restored 
with either direct resin composites or crowns in patients older 
than 18 years old, were shown to be comparable in the treated 
molars with only occlusal surface loss (14). This finding sup-
ports the results of previous studies that the preservation of 
marginal ridge plays a significant role in maintaining the in-
tegrity of the tooth structure (15, 16). In addition, the place-
ment of permanent crowns in young patients can be difficult 
due to the level of their cooperation. Moreover, the unique 
features of permanent teeth in young patients, such as short 
clinical crowns, thin dentine wall, large pulp chambers, imma-
ture proximal contact and occlusion, and subgingival crown 
margins, can further complicate the permanent crown proce-
dure in these teeth (17). For these reasons, VPT-treated perma-
nent molars in young patients have been commonly restored 
with direct resin composite in several clinical studies (5, 6).

When compared to root canal treatment (RCT), VPT is consid-
ered less invasive, however the degree of invasiveness is vari-
able. Indirect pulp capping and direct pulp capping do not 
involve removal of roof chamber and pulp tissue. Conversely, 
partial and coronal pulpotomy relate with different degree of 
removal, ranging from partial to complete removal of both 
structures. Thus, risk factors affecting the survival from frac-
ture of VPT-treated teeth are possibly different from those of 
root canal-treated teeth and have not yet been determined. 
Therefore, the aims of this retrospective cohort study were to 
evaluate the survival probabilities from fractures and to iden-

tify the associated risk factors in VPT-treated permanent mo-
lars of 6- to 18-year-old patients.

MATERIALS AND METHODS

Study Design and Ethic Approval
This study was designed as a retrospective cohort university-
based study and was approved by the Human Experimenta-
tion Committee, Faculty of Dentistry, Chiang Mai University, 
Chiang Mai , Thailand (No 47/2018). Informed consent or as-
sent were waived as the data was collected retrospectively by 
chart review. Reporting follows the STROBE guidelines (18).

Sample Size Calculation
The sample size of this retrospective cohort study was cal-
culated by using the Power analysis for the Cox proportional 
hazards model, with a significance level of 0.05 and a statis-
tical power of 0.8. Based on the result of a previous 5-year 
retrospective cohort study by Nagasiri and Chitmongkol-
suk (19), the probability of event was 0.45 (45%, 101/220 of 
teeth had fractures). With the effect size (anticipated Hazard 
ratio) of 2.1 and proportional of withdrawals of 0.4, the to-
tal sample size needed for this 5-year retrospective cohort 
study was 212 teeth.

Study Participants and Inclusion Criteria
All data were collected from dental records of patients aged 
between 6 and 18 years old at the time of treatment, whose 
permanent molars received VPT at the Pediatric Dentistry 
Clinic, Faculty of Dentistry, Chiang Mai University between 
September 2012 and March 2019. Teeth were initially included 
in this study if: 1) They were treated with non-selective cari-
ous-tissue removal to hard dentine, followed by one of the 
VPT procedures according to the ESE position statement (4): 
indirect pulp capping, direct pulp capping, partial pulpotomy, 
or coronal pulpotomy; 2) They were restored with direct resin 
composites; 3) They had at least one opposing tooth with oc-
clusal contact; 4) They had participated in at least one recall; 5) 
They had all required data documented in the dental record. 
The exclusion criterion was teeth reinforced with metal bands.

Vital Pulp Therapy and Direct Resin Composite Restorative 
Procedures
The VPT procedure and direct resin composite restorations 
were performed under rubber dam isolation by postgraduate 
dental students in pediatric dentistry, with at least 2 years of 
clinical experience as a general dental practitioner. All stu-
dents were orientated for the protocol used before perform-
ing these procedures. Moreover, every step was supervised by 
one experienced instructor (PC), specialist in pediatric den-
tistry. The magnification was not used in any procedures.

The protocol for each VPT procedure, including irrigant and 
pulp dressing material used, is shown in Figure 1. For restora-
tive procedure, the base material and surrounding dentine 
wall were etched with 37% phosphoric acid (ScotchbondTM 
etchant; 3M ESPE, St. Paul, MN) for 15 seconds and rinsed thor-
oughly for 20 seconds. Later, two-step total-etch adhesive (Ad-
perTM Single Bond; 3M ESPE) was applied, according to the 
manufacturer’s instructions. Finally, the cavity was filled with 
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a universal nanohybrid resin composite (FiltekTM Z350 XT; 3M 
ESPE) using the incremental technique, and each layer was 
light cured for 40 seconds. The occlusion and proximal contact 
were checked. 

Afterward, all treated teeth were clinically and radiographically 
followed up approximately every 6 months by undergraduate 
and postgraduate dental students, under the supervision of 
two instructors (PC and CM). 

Data Collection
Patients’ records from September 2012 to September 2019 
were retrospectively evaluated to gather the baseline data 
and presence of the events of interest (failure), which were 
fractures of the VPT-treated teeth. If any fracture had not oc-
curred during the observation period, the treated tooth was 

described as “survival”. The fracture assessment criteria, de-
scribed in previous clinical studies (20, 21), were used in this 
study. Fracture restorability was classified into a restorable 
fracture (can be repaired or replaced; with either a direct resin 
composite or stainless steel crown) and an unrestorable frac-
ture (the fracture extends considerably subgingivally necessi-
tating extraction of the tooth). Moreover, the fractures were 
classified into 3 types, including a natural tooth structure 
fracture, a restoration fracture, and a combination of a natural 
tooth and a restoration fracture. The fracture location on the 
remaining tooth structure was also documented as being at 
the marginal ridge, at the cusp, or at the marginal ridge ex-
tending to the cusp.

The survival time to failure was set as the time between the 
date of treatment and the date of fracture. If the date of frac-

Figure 1. Flow diagram of vital pulp therapy
MTA: Mineral trioxide aggregate
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ture could not be definitely indicated, the survival time was 
estimated as halfway between the last recall visit at which the 
treated tooth was considered as survival, and the date at which 
the fracture was seen, the method described by Kopperud et 
al. (22) However, some participants were considered as cen-
sored survival data when information on survival time was un-
available. In other words, censored teeth were those for which 
we could not verify whether or not the event occurred, making 
it impossible to determine the survival time of those teeth. In 
this study, censored survival data were determined if teeth: 1) 
were lost to follow-up for at least 6 months after the last recall 
visit; 2) were subsequently treated with RCT or extracted due 
to VPT failure without any fracture; and 3) were extracted for 
orthodontic treatment. The survival time of the censors was 
set as the time between the date of treatment and the last re-
call visit at which the treated tooth was considered as survival.

Moreover, the potential risk factors including sex, tooth loca-
tion, stage of root development, number of marginal ridge 
losses, type of VPT procedure, and pulp dressing and base ma-
terials used, were also investigated.

Statistical Methods for Data Analysis
The descriptive analysis provides the distribution summary 
according to the potential risk factors affecting fractures. The 
Kaplan-Meier survival analysis was used to calculate the cu-
mulative survival probabilities from fractures. This method 
involves calculating of probabilities of event occurrence at a 
certain point of time and a log-rank test is used to determine 
whether significant differences exist for each variable and sur-
vival outcome (23). Moreover, the multivariable Cox propor-
tional-hazards regression was used to evaluate the risk factors 
affecting fractures. This regression model is the statistical tech-
nique used for exploring the relationship between the survival 
outcome and potential risk variables (24). Hazard ratios (HR) 
and their 95% confidence intervals (95% CI) were obtained. All 
statistical analyses were performed using the SPSS 24.0 soft-
ware (SPSS Science, IBM Corp., Armonk, NY, US). All P-values 
less than 0.05 were considered as statistically significant.

RESULTS

A total of 218 patient records were screened. Of these, a total of 
270 VPT-treated molars restored with direct resin composites 
were initially included, but 20 of these teeth had never taken 
part in the recall program, resulting in 250 teeth that met the 
inclusion criteria. Among them, 16 teeth were excluded due 
to the presence of a reinforced metal band. Consequently, 234 
teeth from 189 patients (80 male and 109 female, average age 
9.8±2.0 years old) were analyzed in the study (Fig. 2). An over-
all average follow-up time was 33.34±20.54 months (ranging 
from 6 to 83 months), whereas median (interquartile range) 
follow-up was 26.5 (16, 50) months. 

Survival Probabilities from Fractures of Vital Pulp Therapy-
Treated Permanent Molars
The distribution of fractured molars is presented in Table 1. At 
the end of the study, 21.8% (51/234) of molars had fractures with 
the majority of them (92.2%, 47 out of 51 teeth) were restor-

able. Radiographically, only 2 out of 51 (3.9%) fractured molars 
had periapical lesion and considered VPT failures. The percent-
ages of the fracture types are as follows: 54.9% (28/51) natural 
tooth structure fracture, 27.5% (14/51) restoration fracture, and 
17.6% (9/51) combination fracture. The most common fracture 
location among the 37 molars with natural tooth fracture (ei-
ther alone or in combination with restoration fracture) was at 
the marginal ridge (59.5%), followed by the marginal ridge ex-
tending to cusp (21.6%), and the cusp itself (18.9%).The Kaplan-
Meier cumulative survival curve against time for VPT-treated 
molars restored with direct resin composite is presented in Fig-
ure 3. The cumulative survival probabilities decreased over the 
first 5 years of observation (Fig. 3), with 1-, 2-, 3-, 4-, and 5-year 
cumulative survival probabilities of 90.38%, 82.32%, 78.43%, 
72.68%, and 66.02%, respectively (Table 2). However, after 5 
years, the cumulative survival probabilities remained constant. 

Potential Risk Factors Associated with Fractures
The data distribution of the included molars according to the 
potential risk factors affecting fractures is shown in Table 3. 
Using the Cox proportional hazards regression in both non-
adjusted and adjusted models, potential risk factors affecting 
the survival from fractures of the treated teeth are presented 
in Table 4. Two significant potential risk factors affecting the 
survival from fractures in our study were tooth location and 
type of VPT procedure (P<0.05). Other variables were consid-
ered not significant risk factors (P≥0.05).

In the multivariable analysis, adjusted by sex, tooth location, 
stage of root development, number of marginal ridge losses, 
type of VPT procedure, and pulp dressing and base mate-
rial used (Table 4), VPT-treated molars in the mandible had a 
2 times higher risk of fracture than those in the maxilla (ad-
justed HR: 2.057; 95% CI: 1.047–4.038, P=0.036). Furthermore, 
the teeth treated with partial and coronal pulpotomy had 2.4 
times (adjusted HR: 2.395; 95% CI: 1.136–5.051, P=0.022) and 
4 times (adjusted HR: 4.568; 95% CI: 1.820–11.466, P=0.001) 
higher risks of fracture when compared to those with indirect 
pulp capping, respectively. However, there was no significant 
difference between the teeth treated with indirect pulp cap-
ping and direct pulp capping (adjusted HR: 0.510; 95% CI: 
0.154–1.686, P=0.270).

The Kaplan-Meier cumulative survival probabilities from frac-
ture curves, against follow-up periods for the VPT-treated 
teeth categorized by tooth locations and type of VPT proce-
dures, are presented in Figure 4 and 5, respectively.

DISCUSSION
VPT has shown very promising successful outcomes in per-
manent molars in young patients (5, 6). However, the unique 
features of these teeth make them highly susceptible to frac-
tures, which may further affect their survival. To the best of our 
knowledge, this is the first study that has investigated the sur-
vival from fracture and associated risk factors of VPT-treated 
permanent molars restored with direct resin composite in 
young patients. The results of this study will be beneficial to 
clinicians for designing and selecting the appropriate type of 
restoration to ultimately minimize fracture following VPT. 
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For survival analyses, the Kaplan-Meier estimator was used 
in our study. The survival probability from fracture of VPT-
treated permanent molars in young patients restored with 
direct resin composite decreased from 100% to 66.02% in 
the first 5-year observation period. After 5 years, the cumu-
lative survival probabilities remained constant. However, 
the result of this survival analysis should be interpreted with 
caution because there was a small number of VPT-treated 
teeth reaching more than 5 years follow-up. The 5-year cu-
mulative survival probability (66.02 %) of VPT-treated teeth 
in our study is higher than that of root canal-treated teeth in 
one study (approximately 45%) (19) but is lower than those 
of root canal-treated teeth (approximately 80%) in two 
studies (14, 21). Although the data from different studies 
could not be directly compared because they differ in sev-
eral aspects, it may be speculated that not only the type of 
endodontic treatment performed (VPT versus RCT), but the 

existing features of the treated teeth (thin versus thick den-
tine wall) may also have contributed to number of fractures. 
In general, VPT is considered to provide greater preserva-
tion of tooth structure than RCT. However, the low number 
of survival of VPT-treated teeth in our study may prompt 
researchers to further investigate proper management of 
permanent molars in children specifically. Moreover, future 
studies that directly compare the survival from fracture of 
VPT-treated posterior teeth between young and adult pa-
tients, and the survival from fracture of teeth following VPT 
and RCT in both young and adult patients may add more 
information to this issue.

When looking closely to the detail of fractures, approxi-
mately one-fifth (21.8%) of all treated teeth had fractures. 
There were 27.5% of restoration fractures, often presenting 
at or above the gingival area. This type of fracture is usually 
restorable and can be repaired or replaced easily (20). On 

Figure 2. Flow diagram of this retrospective study
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the other hand, there was a high incidence of fractures on 
tooth structure (54.9%), which were probably the results 
of the pre-existing thin dentine wall, extensive destruction 
from caries, and VPT procedure itself. Moreover, the most 
common fracture locations on the remaining tooth structure 
were at the marginal ridge (59.5%), followed by the marginal 
ridge extending to cusp (21.6%). The loss of marginal ridges 
was strongly associated with the loss of flexural strength 
in posterior teeth, resulting in cuspal deflection or leading 
to an unrestorable condition (15, 16). In this study, 7.8% of 
fractured teeth were unrestorable, and thus were extracted, 
despite their successful VPT outcome. In-depth knowledge 
regarding factors specifically contributing to the unrestora-
bility of the fractures will definitively aid in the development 
of appropriate treatment plans for these teeth. 

For all types of fracture, there are two significant potential risk 
factors: tooth location and type of VPT procedure. Regarding 
the tooth location, most fractures in our study were observed 
in the mandibular molars, with approximately 2 times lower 
survival compared to those in the maxillary molars. The reason 
may have been that the protruding palatal cusps of the max-
illary molars occluded forcefully into the central fossa of the 
mandibular molars, leading to the greater risk of tooth fracture 
in the mandibular molars (25). However, the occlusion status 
of each patient was not recorded, and thus may be considered 
as a limitation of this study.

Another risk factor affecting fractures in our study was the 
type of VPT procedure. When compared to those with in-
direct pulp capping, molars treated with partial and coro-
nal pulpotomy had an approximately 2.4 times and 4 times 
lower survival, respectively. Previously, it has been demon-
strated that the removal of pulpal roof under greater oc-
clusal loads can affect the fracture strength of the root 
canal-treated posterior teeth (26). Likewise, both partial and 
coronal pulpotomy were the types of VPT procedure that in-

volved the removal of pulpal roof. Thus, they can result in 
a more extensive destruction and greater susceptibility to 
tooth fracture than those teeth with indirect pulp capping 
and direct pulp capping, which are the VPT procedures not 
involving the removal of pulpal roof.

It appears that coronal pulpotomy is the most destructive form 
of VPT procedure because the entire pulpal roof and coronal 

TABLE 1. Data distribution of vital pulp therapy-treated perma-
nent molars with fracture according to fracture restorability, type, 
and fracture location on the remaining tooth structure 

Fracture characteristics n/N %

Restorability (N=51) 
 Restorable fracture 47/51 92.2
 Unrestorable fracture 4/51 7.8
Radiographic sign of periapical lesion (N=51) 
 Absence 49/51 96.1
 Presence 2/51 3.9
Fracture type (N=51) 
 Tooth structure fracture 28/51 54.9
 Restoration fracture 14/51 27.5
 Combination fracture 9/51 17.6
Fracture location on the remaining 
tooth structure (N=37*) 
 Marginal ridge 22/37 59.5
 Marginal ridge extending to cusp 8/37 21.6
 Cusp 7/37 18.9

*: The tooth with restoration fracture were not counted

Figure 3. The Kaplan-Meier cumulative survival probability from frac-
ture curve of vital pulp therapy-treated permanent molars restored with 
direct resin composite restorations

Figure 4. The Kaplan-Meier cumulative survival probabilities from frac-
ture curves of vital pulp therapy-treated permanent molars according to 
tooth location (maxilla and mandible)
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pulp tissue are removed. Moreover, coronal cavity prepara-
tion for coronal pulpotomy procedures that had a longer re-
maining part of the marginal ridge than its width can lead to 
a greater risk of fracture from occlusal forces (27). For these 

reasons, previous studies have already recommended pros-
thetic crowns for coronal restoration following coronal pulpo-
tomy (28, 29). Moreover, Yong and Cathro (30) have suggested 
that if coronal pulpotomy-treated teeth present favourable 

TABLE 2. The cumulative survival probabilities at each follow-up time point of vital pulp therapy-treated permanent molars restored with 
direct resin composite restorations

Follow-up Number of Number of Number of Estimated cumulative  95% confidence 
time* teeth at teeth survived teeth that survival probability  interval 
(months) beginning from fracture had fracture % (Standard error)

     Lower limit  Upper limit

0 234 234 0 100.0 (0) Not applicable
6 223 212 11 95.03 (1.38) 91.67  97.37
12 197 186 11 90.38 (1.95) 85.76  93.56
18 150 141 9 85.57 (2.42) 80.06  89.66
24 119 114 5 82.32 (2.73) 76.21  87.00
30 100 96 4 79.23 (3.03) 72.51  84.48
36 93 92 1 78.43 (3.11) 71.57  83.82
42 79 75 4 74.79 (3.46) 67.24  80.84
48 63 61 2 72.68 (3.67) 64.72  79.13
54 41 39 2 70.27 (3.92) 61.81  77.20
60 28 26 2 66.02 (4.72) 55.89  74.36
66 19 19 0 66.02 (4.72) 55.89  74.36
72 11 11 0 66.02 (4.72) 55.89  74.36
78 4 4 0 66.02 (4.72) 55.89  74.36
83 1 1 0 66.02 (4.72) 55.89  74.36

*: Observation time limited to 83 months

TABLE 3. Data distribution of the included 234 vital pulp therapy-treated permanent molars restored with direct resin composite restora-
tions according to the potential risk factors affecting fractures

Potential risk factors Number  Number of   Number of 
  of teeth  teeth surviving   teeth that 
  N  from fracture   had fracture

   n/N  %  n/N  %

All vital pulp therapy-treated teeth 234 183/234  78.2 51/234  21.8
Sex   
 Male 100 78/100  78.0 22/100  22.0
 Female 134 105/134  78.4 29/134  21.6
Tooth location   
 Maxilla 79 68/79  86.1 11/79  13.9
 Mandible 155 115/155  74.2 40/155  25.8
Stage of root development   
 Mature root 132 108/132  81.8 24/132  18.2
 Immature root 102 75/102  73.5 27/102  26.5
Number of marginal ridge losses   
 None 205 163/205  79.5 42/205  20.5
 One marginal ridge (mesial or distal) 29 20/29  69.0 9/29  31.0
 Two marginal ridges (both mesial and distal) 0 0/0  0 0/0  0
Type of vital pulp therapy procedures   
 Indirect pulp capping 68 59/68  86.8 9/68  13.2
 Direct pulp capping 53 49/53  92.4 4/53  7.6
 Partial pulpotomy 83 57/83  68.7 26/83  31.3
 Coronal pulpotomy 30 18/30  60.0 12/30  40.0
Pulp dressing and base material used   
 Dycal® or ProRoot® MTA+VitrebondTM 149 117/149  78.5 32/149  21.5
 BiodentineTM 85 66/85  77.7 19/85  22.3

MTA: Mineral trioxide aggregate
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outcomes 12 months postoperatively, the placement of full 
coverage restorations should be considered.

For teeth with partial pulpotomy, it has been reported previ-
ously that the preservation of pulpal roof may distribute the 
occlusal forces, thus resulting in the reduced risk of fracture 
(31, 32). Although partial pulpotomy is less invasive than 
coronal pulpotomy because the procedure involves only par-
tial removal of pulp roof and pulp tissue, there was a marked 
decrease in survival over time. Therefore, caution should be 
applied not only to coronal pulpotomy, but also to partial 
pulpotomy; the permanent molars treated with partial pulpo-
tomy in young patients should also be regularly and closely 
followed, and interim full coverage crowns, such as stainless 
steel crowns, may be considered when necessary.

Besides tooth location and type of VPT procedure, the loss of 
marginal ridge integrity may also have a detrimental effect 
on survival. Chotvorrarak et al. (14) demonstrated in their 
clinical study, regarding the survival from fracture of the root 
canal-treated molars restored with direct resin composites 
in patients aged 18 to 78 years old, that the treated molars 
with tooth structure loss limited to the occlusal surface had 
a lower incidence of fracture than teeth with loss of marginal 
ridge. Conversely, the loss of marginal ridge integrity was not 
a significant factor affecting fracture in our study. The rea-
son for differences between the present and previous studies 
may lie in the fact that most VPT-treated molars in young pa-
tients in this study had a deep destructive occlusal cavity with 
thin dentine walls. Even though the remaining thin dentine 
wall exists, they are still at high risk of tooth fracture, thus re-

sulting in no difference in number of fractures between teeth 
with different numbers of tooth surface loss. Previous in vitro 
studies have reported a reduction in tooth resistance to frac-
ture when a marginal ridge thickness was less than 2 mm in 
root canal-treated posterior teeth (33, 34). However, the re-

TABLE 4. Multivariable Cox proportional hazards regression model analysis of vital pulp therapy-treated permanent molars restored with 
direct resin composite restorations

Potential risk factors  Unadjusted model   Adjusted model

  HR (95% CI)  P HR (95% CI)  P

Sex
 Male 1.00  – 1.00  –
 Female 1.010 (0.570–1.790) 0.973 1.100 (0.586–2.060) 0.769
Tooth location     
 Maxilla 1.00  – 1.00  –
 Mandible 2.142 (1.083–4.237) 0.029* 2.057 (1.047–4.038) 0.036*
Stage of root development     
 Mature root 1.00  – 1.00  –
 Immature root 1.700 (0.975–2.965) 0.061 1.800 (0.984–3.282) 0.057
Number of marginal ridge losses     
 No 1.00  – 1.00  –
 One marginal ridge 1.360 (0.713–2.594) 0.351 1.734 (0.872–3.448) 0.117
 Two marginal ridges N/A  N/A N/A  N/A
Type of vital pulp therapy procedure
 Indirect pulp capping 1.00  – 1.00  –
 Direct pulp capping 0.558 (0.171–1.820) 0.334 0.510 (0.154–1.686) 0.270
 Partial pulpotomy 2.579 (1.259–5.286) 0.010* 2.395 (1.136–5.051) 0.022*
 Coronal pulpotomy 4.442 (1.885–10.466) 0.001* 4.568 (1.820–11.466) 0.001*
Pulp dressing and base material used     
 Dycal® or ProRoot® MTA+VitrebondTM 1.00  – 1.00  –
 BiodentineTM 0.778 (0.445–1.361) 0.379 0.783 (0.428–1.433) 0.428

P-values with asterisk (*) were considered as statistically significant (P<0.05). HR: Hazard ratio, CI: Confidence interval, N/A: Not applicable, MTA: Mineral trioxide aggregate

Figure 5. The Kaplan-Meier cumulative survival probabilities from frac-
ture curves of vital pulp therapy-treated permanent molars according to 
type of vital pulp therapy procedure (indirect pulp capping, direct pulp 
capping, partial pulpotomy, and coronal pulpotomy)
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maining wall thicknesses were not recorded at the time of 
treatment, which is considered a limitation of this retrospec-
tive study. Moreover, the VPT-treated molars restored with 
resin composites in this study were apparently only teeth 
with less than two marginal ridge losses. The reason behind 
this trend is the fact that severely destroyed molars in young 
patients with more than two marginal ridge losses have of-
ten been restored with interim preformed metal crowns or 
sometimes been extracted (35, 36).

Although the stage of root development was not a significant 
factor affecting fracture in our study, there was a trend toward 
the significant level in the adjusted model of the multivariable 
Cox proportional hazards regression analysis. The stage of root 
development (immature versus mature root) has been previ-
ously demonstrated to affect the risk of fracture in anterior 
teeth. Thin dentine walls of immature roots make them prone 
to fracture with reported fracture incidences in incisors from 
28% to 77% (37). In a finite element evaluation analysis, it was 
confirmed that the pattern of stress distribution in mature and 
immature incisors is different. Cervical area of the buccal sur-
face in immature incisors had the high rate of fracture because 
it is one of the stress concentration areas (38). However, stud-
ies on fracture in immature versus mature posterior teeth with 
VPT should be further investigated.

Owing to the retrospective nature of this study, some limi-
tations could not be avoided. First, there was a high number 
of subjects categorized as censors (41.9%), which can lead to 
underestimation of survival probabilities. Second, some other 
potential risk factors that may have affected the survival from 
fracture such as severity of enamel hypomineralization, oc-
clusal stress risk, dentine wall thickness, proximal contact of 
adjacent teeth, patients’ oral hygiene and caries risk factors, 
have not been recorded nor evaluated. Last, VPT procedure 
was performed by several postgraduate dental students in Pe-
diatric Dentistry with different clinical skills and experiences. 
However, one experienced pediatric dentist supervised all of 
the procedures. Future prospective randomized clinical trials 
with long-term follow-up should be performed to address 
these limitations.

The recent emerging evidence on success of VPT has encour-
aged advocacy of this conservative pulp therapy as one of the 
reliable alternatives for pulpally-involved teeth (4). However, 
it could not be overemphasized that minimizing fractures 
in these teeth are as important as keeping their pulp alive. 
Prospective future studies designed for collecting other possi-
ble risk factors for fracture can probably give us more specific 
information regarding this matter. Moreover, the methods in 
minimizing fractures, including cavity design, type of adhesive 
and restorative materials, and type of interim full coverage 
crowns appropriate for VPT-treated permanent teeth in young 
patients, should be further studied.

CONCLUSION
Because more fractures were seen in VPT-treated young per-
manent mandibular molars with pulp roof removal, clinicians 
should plan for proper restoration on these teeth.
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