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ABSTRACT: Purpose: To evaluate the available evidence on pulp capping procedures and root canal treatment in young 
permanent teeth with vital pulps exposed by caries. Methods: The study was conducted as a systematic review of the 
literature. Three databases, PubMed, Web of Knowledge, and The Cochrane Library were searched. Reference lists of 
relevant articles were hand searched. The quality of all relevant publications was rated. Results: Ten original scientific 
studies were included in the review. The quality was rated as low in all studies. The search failed to disclose any article 
directly comparing pulp capping and root canal treatment. The level of evidence was insufficient to draw any conclusions 
regarding the effectiveness of the two treatment concepts. High success rates are reported for pulp capping procedures in 
exposure due to caries, though it is not possible to compare them to success rates of root canal treatment. The review 
confirms the lack of high quality studies on the treatment of young permanent teeth with cariously exposed pulps. (Am J 
Dent 2016;29:201-207). 
 

CLINICAL SIGNIFICANCE: For the treatment of young permanent teeth with pulp exposure due to caries there is 
currently no evidence to support the assumption on pulp capping being more beneficial than root canal treatment in 
achieving a symptom free tooth with normal periapical conditions. 

  
: Dr. Helena Fransson, Department of Endodontics, Faculty of Odontology, Malmö University, SE-205 06 Malmö, 
Sweden. E-: Helena.Fransson@mah.se  

  
Introduction     

 In the era of minimal invasive dentistry, it is advised to 
perform stepwise excavations in teeth with deep carious lesions 
to avoid exposure of the pulp at all costs. Unfortunately, 
stepwise excavations do not prevent all exposures of the pulp. 
In a study on treatment of deep carious lesions in permanent 
teeth in children by Leksell et al,1 stepwise excavation resulted 
in pulp exposures in 18% of the teeth. Bjorndal et al2 presented 
similar numbers for adults where stepwise excavation of deep 
carious lesions resulted in pulp exposure in 17.5% of the teeth. 
When the pulp is exposed, two fundamentally different treat-
ment alternatives are available: pulp capping (direct pulp cap-
ping or a partial pulpectomy), with the aim of preserving the 
vitality of the tooth, or pulpectomy, whereby the coronal and 
radicular pulp tissue is extirpated and the root canals are 
obturated.   
 Pulp capping procedures are well-documented vital pulp 
therapies. Favorable results have been presented in young 
permanent teeth with traumatic exposures,3-7 probably because 
of the healthy state of the pulp tissue. Many pulp exposures are 
however, due to caries, and in these cases the potential for 
healing of the inflamed pulp seems to be impaired. The issue of 
pulp capping in the case of a cariously exposed vital pulp is 
controversial.8 It has been advocated that pulp capping should 
be reserved only for pulps exposed due to reasons other than 
caries.9 However, young teeth have a rich apical perfusion and 
the pulp has a high capacity to respond to insults;10 therefore, 
the success rate of pulp capping in young patients might be 
higher than in adult patients.5,11   
 Root canal treatments are invasive, resource intensive and 
technically difficult procedures.12,13 In adults, the success rates 
of root canal treatments of teeth with vital pulps range from 92 
to 93%.14,15 In children, success rates as high as 84% have been 
reported for traumatized permanent incisors.4 Caries is probably 

a common cause of root canal treatments in children and ado-
lescents. It was the dominant reason for root canal treatment, 
accountable for 56%, in a sample of 19-year-olds in Malmö, 
Sweden.16 Another study17 of the same sample reported a 
frequency of apical periodontitis of 52% of the root-filled teeth. 
 The present systematic review of the literature evaluated the 
available evidence on the outcomes of direct pulp capping and 
root canal treatment of young permanent teeth with cariously 
exposed vital pulps. 
 

Materials and Methods 
 
 The problem was specified according to the PICO 
framework.18 The following question defined the problem: In 
children and adolescents with cariously exposed permanent 
teeth, is pulp capping more beneficial than root canal treatment 
in achieving a symptom free tooth with normal periapical 
conditions? 
 Database searches were undertaken of PubMed (National 
Center for Biotechnology Information, U.S. National Library of 
Medicine), Web of Knowledge (Web of Science, Thompson 
Reuters) and The Cochrane Library (John Wiley & Sons, Ltd). 
Different search strategies were used in order to identify 
publications about the two different treatment concepts: pulp 
capping procedures and root canal treatments in young 
permanent vital teeth.   
Pulp capping procedures - Dental pulp capping is described in 
the MeSH (Index Medicus: Medical Subject Headings) browser 
as “application of a protective agent to an exposed pulp in order 
to allow the pulp to recover and maintain its normal vitality and 
function”. This description defines the intervention assessed in 
this review, but the definition was expanded to include partial 
pulpotomies, where the pulp tissue immediately underlying the 
exposure is removed prior to application of the pulp capping 
agent. However, such procedures as indirect pulp capping, 
stepwise excavation or full pulpotomy were not addressed. 
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Table 1 Criteria used for inclusion and exclusion of original scientific studies. 
________________________________________________________________________________________________________________________________________________________________________________________ 

 Inclusion criteria Exclusion criteria 
________________________________________________________________________________________________________________________________________________________________________________________ 

Subjects: Primary teeth  
Human Avulsed/replanted/transplanted teeth 
Aged 20 years or under at the date of intervention Teeth with root resorption or root fracture pre-intervention 
Permanent teeth Revascularization treatment modalities 
Vital teeth Retrograde root canal therapy 
Cariously exposed vital pulps  Endodontic re-treatment  
Intervention: Study addressing only the:  
Treated with pulp capping procedure (direct pulp capping or partial • quality of coronal restorations and/or post-core 
    pulpotomy) or description of a treatment protocol where the pulp  restoration after endodontic treatment. 
    was extirpated and root canals were obturated • mechanical properties of the teeth after restoration  
Outcome: Dental trauma as the indication for endodontic treatment  
Outcome based on radiographic examination and/or sensitivity testing Teeth with apical periodontitis 
Reported absence/presence of clinical symptoms such as: In vitro/ex vivo studies 
    Pain on percussion, associated sinus tract, abscess formation Non-English language publication  
Study: Case study 
Prospective study 
Follow-up: at least 1 year post intervention 
________________________________________________________________________________________________________________________________________________________________________________________ 

 
Root canal treatment - The MeSH browser describes root canal 
therapy as “a treatment modality in endodontics concerned with 
the therapy of diseases of the dental pulp”. In this review the 
procedures assessed as control-/comparison interventions were 
defined as any intervention where the dental pulp was com-
pletely extirpated, followed by complete obturation of the root 
canals. This broad medical subject heading was used in the 
database searches because a wide variety of terms are used in the 
literature to describe the procedures of interest in this review. 
 
Compilation and screening of articles - Duplicate checks were 
run and identified duplicates were removed. The publications 
obtained from the searches in PubMed, Web of Knowledge and 
the Cochrane Library were included or excluded according to 
the predetermined inclusion and exclusion criteria (Table 1). 
All publications identified by the database searches entered the 
screening process at the abstract level, except for publications 
identified by the search strategy for root canal treatment in 
PubMed. Because of the large number of search results yielded 
by this search strategy, these publications were first subjected 
to a selection process at the title level: after reading the title, if 
at least one of the authors considered a publication might be 
relevant in terms of the inclusion and exclusion criteria, the 
abstract was retrieved and was also subjected to the inclusion 
and exclusion criteria. After this initial screening, publications 
deemed relevant on the basis of the abstracts were retrieved in 
full text. Full texts of original scientific studies were read, 
assessed and subjected to the inclusion and exclusion criteria. 
Publications meeting the inclusion criteria without infringing 
any of the exclusion criteria were included. In cases of 
disagreement, consensus was reached by discussion among the 
authors. The reference lists of all review articles retrieved in 
full text and of all included original scientific studies were then 
hand searched. Original scientific studies deemed relevant were 
subjected to the inclusion and exclusion criteria, starting at the 
abstract level of the screening process. The data from original 
scientific studies included in this review were extracted using a 
pre-constructed data extraction form.   
 Original scientific studies included were those with the 
following: human subjects, aged 20 or under at the date of 
intervention, permanent teeth with cariously exposed vital pulps 

treated by pulp capping (direct pulp capping or partial 
pulpotomy) or by conventional orthograde root canal therapy. 
Indirect pulp capping treatments were not addressed. Patients 
could be either symptom free or have symptoms. Only pros-
pective studies published in English were included. Treatment 
outcome was based on radiographic examination and/or sensi-
tivity testing for teeth treated by pulp capping procedures and 
radiographic examination and the presence/absence of clinical 
symptoms for the root filled teeth. Follow-up to be undertaken 
at least 1 year post-intervention. 
 Reviews included were those with at least one of the 
following terms or any variations thereof to be included in the 
title or the abstract: ‘pulp capping’, ‘partial pulpotomy’, ‘vital 
pulp therapy’, ‘root canal treatment’, ‘root canal therapy’, 
‘pulpectomy’, ‘endodontic treatment’.  
Quality assessment - When the study design of all included 
studies was defined, the risk of bias and the quality of each 
study was determined and the quality of evidence for the 
comparison of the two treatment concepts was rated according 
to the GRADE guidelines.19 
 

Results 
 
Systematic literature search - After the database searches, 1887 
titles and abstracts were screened, and 584 potentially relevant 
abstracts were identified. After screening of the abstracts, 82 
relevant original scientific studies and review articles were 
retrieved in full text. Hand searching of the reference lists 
identified a further 29 relevant articles. In all, 67 original 
scientific studies were deemed to be relevant. After data 
extraction, 57 of the 67 publications20-74 were excluded. The 
reasons for exclusion at this level are presented in Table 2. 
Finally, 10 original scientific studies75-84 on pulp capping proce-
dures remained. No relevant study on root canal treatment of 
cariously exposed permanent teeth was identified.   
Risk of bias and interpretation of included studies - The 
literature search disclosed no study comparing the two 
treatments “pulp capping” and “root canal treatment” in young 
permanent teeth with carious exposures. The quality of all 
included studies was assessed as low.19 Two of the studies were 
randomized controlled trials,79,84 but  not  with  respect  to  com-  
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Table 2. Reasons for exclusion of publications retrieved in full text and number of excluded studies. For several of the excluded articles more than 
one exclusion criterion may apply. 
______________________________________________________________________________________________________________________________________________________________________________________________ 
 Exclusion criteria Excluded studies 
______________________________________________________________________________________________________________________________________________________________________________________________ 
Unable to distinguish subjects aged 20 years or under at the date Shovelton et al,20 Haskell et al,21 Goldberg & Gurfinkel,22 
of intervention Pekruhn,23 Kashiwada & Takagi,24 Matsuo et al,25 Friedman et al,26  
 Farzaneh et al,27 Chu et al,28, Gesi et al,15 Marquis et al,29 Nayar et al,30  
 Bjorndal et al,2 Ghoddusi et al,31 Asgary et al32  
Subjects >20 years of age at the date of intervention. Sjögren et al,33 Hodosh et al,34 Gagliani et al,35 Mannocci et al36   
Indirect pulp capping Orhan et al37  
Full pulpotomy Waly,38 Waly,39 Asgary & Eghbal40  
Final follow-up <1 year post intervention Clarke,41 Mulhern et al,42 Fava,43 Fava44  
Retrospective study Kerekes & Tronstad,45 Odesjo et al,46 Mackie et al,47 Ray & Trope,48  
 Santucci,49 Benenati & Khajotia,50 Alley et al,51 Chen et al,52 Chen et al,53  
 Lumley et al,54 Mente et al,55 Lee et al56  
Sample already surveyed in another included publication Zilberman et al57 
   by the same authors  
Trauma as indication for treatment Dominguez Reyes et al,58 Pradhan et al,59 Pace et al,60  Sarris et al,61  
 Damle et al62  
Periapical radiolucency prior to treatment Roberts & Brilliant,63 Moazami et al,64 Paredes-Vieyra & Jimenez Enriquez65  
Study currently not completed / no results are presented Beslot-Neveu et al66  
No root canal obturation described Finucane & Kinirons67  
Unable to discern periapical status among relevant patients prior Barbakow et al,68 Chawla,69 El-Meligy & Avery,70 Ricucci et al71 
to intervention   
Absence/presence of clinical symptoms not presented Simon et al72  
Pulp reported as non-vital Annamalai & Mungara73  
Indication for root canal treatment not reported Georgieva et al74 
______________________________________________________________________________________________________________________________________________________________________________________________ 

 
paring the methods of interest in this review; direct pulp 
capping procedures and root canal treatment. Therefore, they 
were assessed as having a low quality. Moritz et al84 
randomized patients to one of two groups where one was 
treated with a direct pulp capping procedure using a pulsed 
CO₂ laser and the other group treated with a conventional direct 
pulp capping procedure. Consequently, the intervention group 
and the control group were treated with the same type of 
intervention, direct pulp capping, and therefore, for the 
purposes of this review, the study was not regarded as being a 
true randomized controlled trial. The same was true in the study 
by Qudeimat et al79 where patients were randomized to partial 
pulpotomy treatments with either CaOH₂ or with mineral 
trioxide aggregate (MTA).  
 The remaining eight studies lacked a control group 
altogether. No included study presented a power analysis for 
calculation of the minimum sample size. Three studies either 
failed to describe the treatment procedure in sufficient detail to 
allow replication of the trial or failed to present sufficient data 
on the status of the pulp pre-intervention76-78 (Table 3).  
 Treatment outcomes of a total of 299 teeth were examined 
in this review. In six included publications, 201 teeth were 
treated by a pulp capping procedure which involved removal of 
some of the pulp tissue prior to capping.75-77,79,82,83 In four 
included publications,78,80,81,84 98 teeth were treated by a pulp 
capping procedure whereby no pulp tissue was removed prior 
to capping. The follow-up times for partial pulpotomy were 12-
140 months and for pulp capping, 12 months-9 years. When 
data were extracted from the included publications, some teeth, 
which did not meet the inclusion criteria for the review, were 
excluded on the following grounds: the patients were >20 years 
of age at the date of intervention; the treatment procedure was 
inadequately described; or the teeth were lost to follow-up 

within 12 months post-intervention.76,78,81,83,84 
 Four of the included studies described a pulp capping pro-
cedure whereby no pulp tissue was removed prior to application 
of a pulp capping agent directly onto the exposure (direct pulp 
capping). Successful outcomes at follow-up were reported in 
38/39 teeth or 97%,81 14/18 teeth or 77%,84 28/30 teeth or 
93%,80 and 6/11 teeth or 64%.78 In the six studies where treat-
ment involved partial removal of the pulp tissue prior to 
application of a pulp capping agent onto the exposure, success-
ful outcomes at follow-up were observed in 28/28 teeth or 
100%,75 5/5 teeth or 100%,76 33/37 teeth or 89%,77 47/51 teeth 
or 92%,79 43/46 teeth or 93.5%,82 and 31/34 teeth or 91%.83 
 

Discussion 
 
 Since the objective of this systematic review was to eval-
uate the available evidence on the outcomes of pulp capping 
procedures compared to root canal treatments undertaken on 
young permanent teeth with vital pulps exposed by caries, a 
study would have to compare pulp capping and root canal 
treatment in this specific group of patients, in order to be 
assessed as having a high quality. The ideal studies would be 
randomized controlled trials directly comparing these two 
procedures, though a well-conducted prospective cohort study 
could also suit the purpose. The literature search yielded no 
such studies. A pilot search revealed that it would be difficult to 
find prospective studies of root canal treatment of vital perma-
nent teeth with carious exposures in children and adolescents.  
 A broad subject heading was therefore used for the database 
searches, in order that any relevant studies on root canal 
treatment would not be overlooked. However, after application 
of the predetermined inclusion and exclusion criteria, no 
relevant study on root canal treatment of cariously exposed 
permanent teeth was identified. 
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Table 3. Data from each included and study quality. 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

  Material [(T), No. of teeth;  Partial Study 
 Study Control (C), No. of teeth; Age pulpotomy quality & comments 
Author  design No. of subjects] follow-up (years) (yes/no) Reported results on risk bias 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 

Barrieshi-Nusair Case series T: ProRoot Gray MTA, 7.2-13.1 Yes No radiographic indications of root or bone resorption Low. No control. 
& Qudeimat75  n= 28; Subjects n= 21,   were observed in any teeth. 22 teeth (79%) were 
  12-26 months   responsive to vitality testing (method not specified). 
     6 teeth were unresponsive to vitality testing had no 
     pain or tenderness to percussion or palpation.  
Nosrat & Nosrat76  Case series T: Calasept Ca(OH)2, n= 5 10-20 Yes Periapical, percussion or coronal tenderness tests Low. No control. 
  Subjects n= 5   were negative for all teeth. All teeth were sensitive Inadequate 
  14-33 months   to electrical stimuli. Periapical status was also description of 
     assessed on radiographs and no signs of periapical preoperative 
     radiolucency were mentioned. pulp status.  
Mejare & Cvek77  Case series T: Calasept Ca(OH)2, n= 37 6-15 Yes Group 1 consisted of 31 teeth with no preoperative Low. No control. 
  Subjects n= not specified   clinical or radiographic symptoms. Group 2 consisted Inadequate 
  24-140 months   of 6 teeth with preoperative symptoms. All teeth description of 
     were examined radiographically and clinically with preoperative pulp 
     electrical sense testing. Success was reported for status; inadequate 
     29 teeth in group one (89%) and for 4 teeth description of  
     in group 2 (67%). treatment procedure.  
Olivi et al78 Case series T: Kerr Life Ca(OH)2, 11-18 No All the teeth in the study were tested for vitality Low. No control. 
  n= 11; Subjects n= 11   (method not specified) and had intraoral x-rays Inadequate descrip- 
  4 years   taken at checkups. Failure was recorded in 4 out tion of preoperative 
     of 11 teeth (64% success). pulp status; inade- 
      quate description of 
      treatment procedure.   
Qudeimat et al79 RCT T:ProRoot MTA n= 28 25-46 mo Yes Patients were examined clinically and had sensitivity Low. Control 
  C:Dycal Ca(OH)2 n= 23   (method not specified) and radiographic examinations group and inter- 
  Subjects n=34   at the follow-ups. Four teeth were considered failures vention group  
     during the follow-up period, 2 teeth from each of treated with same 
     the MTA and Ca(OH)2 groups. MTA had a success intervention. 
     of 93% and Ca(OH)2 had a success of 91%.  
Farsi et al80  Case series T: ProRoot MTA, n= 30 9-12 No Teeth were examined both clinically and radiographi- Low. No control. 
  Subjects n= 30   cally. Clinical examinations comprised thermal,  
  2 years   percussion and palpation tests. 28 teeth were deemed  
     successful and 2 teeth were failures.  
Bogen et al81  Case series T: ProRoot MTA n= 39 7-18 No At follow-ups, periapical radiographs were taken Low. No control. 
  Subjects n= 28   and the teeth were tested for vitality with a cold 
  9 years   stimulus. At the first year follow-up 39 teeth showed 
     no pathological signs. At the 5-year follow-up 1 tooth 
     was deemed a failure.  
Mass Case series T:Ca(OH)2 n= 46 6.9-17.7 Yes Clinical and radiological follow-ups every 6 months Low. No control. 
  & Zilberman82  Subjects n= not discernible   for the first year and then every 12 months thereafter. 
  12-48+months   Mean follow-up was 49 months (12-154 months). 
     Success rate 93.5%.  
Mass Case series T:Calxyl Ca(OH)2 n= 34 7.5-18 Yes Clinical and radiographic follow-ups every 3 to 6 Low. No control. 
  & Zilberman83  Subjects: n= 34   months the first year and then once every 1-to 2 years 
  12-48+months   thereafter. Success rate 91%.   
Moritz et al84 RCT T:Kerr Life Ca(OH)2 n= 8 9-20 No Recalls after 1 week and monthly for 18 months, Low. Control 
  C:Kerr Life Ca(OH)2 n= 10;   followed by final examination at 2 years. The recall group and 
  Subjects n= 18   examination comprised thermal tests and measurements intervention 
  1 week-2 years   of pulpal blood flow using laser Doppler flowmetry. No group treated 
     non-vital pulps were observed in the test group. The  with same  
     4 control teeth were non-vital at the 2-year examination. intervention. 
_______________________________________________________________________________________________________________________________________________________________________________________________________________ 
      
 
 The studies included in the review, all on pulp capping 
procedures, were assessed as having a low quality (Table 3). 
Consequently, the overall level of evidence on which of the two 
treatments is the most effective in young permanent teeth with 
pulp exposure due to caries was assessed as very low according 
to the GRADE guidelines.85 It was decided to include only 
prospective studies in the review, in order to determine whether 
the presenting signs or symptoms, or any particular step in the 
treatment process, would have an effect on the outcome of the 
interventions. Prospective studies are superior to retrospective 
studies for studying these effects as they allow the study of 

multiple variables. Retrospective studies often have longer 
follow-up times and study larger populations, but may lack, for 
example, important data on the subjects, information about the 
indications for intervention, and detailed descriptions of the 
intervention procedures. 
 The heterogeneity among the studies and the low quality 
precluded a meta-analysis. The highest success rates were for 
partial pulpotomy, where 92-100% of the teeth were considered 
successful at follow-up and the lower success rates, 64-92%, 
were for teeth after direct pulp capping, that is no pulp tissue 
was removed prior to the pulp being capped. On the basis of  the 
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reported outcomes of these studies, no conclusions could be 
drawn as to the preferred pulp capping method. 
 The most accurate outcome of a pulp capping procedure or 
a root canal treatment would be the retention time: how long 
the treated tooth remains in function, with no pathology and no 
spread of infection. A long follow-up period would be prefer-
able, but for practical reasons the criterion for inclusion in this 
review was a follow-up of at least 1 year. Short follow-ups may 
show misleading success rates, because later failures can occur. 
Therefore, a longer follow-up would have given a better indica-
tion of the long-term performance of the treated teeth. How-
ever, according to data in the literature,25 a pulp capping is most 
likely to fail soon after treatment; in cariously exposed teeth, 
similar success rates are reported for 3- and 18-month follow-
up times. 
 With reference to the choice of pulp capping agent, similar 
outcomes have been reported for calcium hydroxide and min-
eral trioxide aggregate. One79 of the two randomized controlled 
trials included for review in this study, compared the effect of 
these two agents on the clinical success rate of partial pulpo-
tomy in permanent molars. The reported outcomes were 91% 
success for calcium hydroxide and 93% for mineral trioxide 
aggregate. However, the sample size of 51 patients was far too 
small to detect a difference in treatment effect. In a systematic 
review,11 no statistically significant difference could be shown 
for the success rate of vital pulp therapies using calcium 
hydroxide or mineral trioxide aggregate as the pulp capping 
agents. However, the review was not restricted to studies on 
young permanent teeth and according to the authors the sub-
jects could not be stratified into different age groups for 
analysis. The authors suggested that the lack of significant dif-
ference between the two materials could be due to the small 
sample size, or to the fact that there was no clinical difference. 
 There are no reports on the prevalence of deep carious 
lesions in young permanent teeth in the literature. In epidemio-
logical data,86 22% of a cohort of 15-year-olds in Sweden had 
one or more deep restorations, extending into the inner half of 
the dentin. Moreover, complete excavation of deep carious 
lesions could result in pulp exposure in 40% of cases.1 Thus, 
clinicians are regularly called upon to make decisions about the 
treatment of cariously exposed teeth.  
 In future clinical trials, all details of the treatment proce-
dures, preoperative conditions and of the sample should be 
described. This would facilitate the inclusion of the trial in a 
meta-analysis. Comparison of trials could also be simplified if 
there was consensus on the materials, methods and treatment 
routines to be used. For instance, instead of using a wide 
variety of medicaments with slight differences in formula, the 
choice of control material for vital pulp therapies could be 
simplified by using calcium hydroxide mixed with water. We 
also suggest that the success of a pulp capping procedure or a 
root canal treatment should be measured in retention time. 
Root-filled teeth are more often extracted than vital teeth which 
affect the long-term prognosis. Reports51,87 have shown that 10-
19% of teeth treated with a root canal treatment are extracted 
within 5 years. This may apply in particular to children and 
adolescents, where root formation may not be fully complete. 
The walls of the roots of young permanent teeth are immature, 
implying increased risk of root fracture after root canal 
treatment.88 
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 It could be questionable from an ethical point of view to 
conduct a randomized controlled trial where the young subjects 
would be randomized to a pulp capping procedure or root canal 
treatment. We believe it is of great importance to conduct 
minimal invasive dentistry and to keep the vitality of the young 
tooth and avoid root canal treatment if possible. A more ethical 
way of studying pulp capping compared to root canal treatment 
of young permanent teeth with cariously exposed pulps could 
be by analytic modelling. In analytic modelling evidence is 
drawn from a range of sources including already published 
studies.  

Conclusions    
1. Overall, the findings of the review highlight the lack of high 

quality studies on the treatment of young permanent teeth 
with carious exposures; 

2. The literature search identified no study on root canal 
treatment of young permanent vital teeth with carious 
exposures; 

3. Based on the included studies, the level of evidence on pulp 
capping procedures versus root canal treatment in young 
permanent teeth with pulp exposure due to caries, was 
assessed as very low.      
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