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Abstract

Background: Consensus on the treatment of choice for complicated crown frac-
tures of teeth is limited. Recent guidance recommends vital-pulp-therapy; however,
the preferred type is not specified. Higher success rates for pulpotomy compared to
pulp-capping have been documented, which suggests pulpotomy may be a preferable
option for complicated crown-fractures.

Objectives: The purpose of this systematic review was to determine the success rate
of pulpotomy (partial and complete) on teeth that suffered complicated crown frac-
tures. Participants: patients who have suffered a complicated crown fracture to an an-
terior permanent tooth. Intervention: pulpotomy (partial or complete). Comparator:
pulp-capping or root canal treatment. Outcome: combined clinical and radiographic
success at or after 12 months.

Methods: A systematic literature using key search terms was conducted using
PubMed, Web of Science and Cochrane-Central-Register-of-Controlled-Trials
(CENTRAL) as well as a grey literature search from inception to May 2021 and with-
out language restricted to English. Strict inclusion criteria were applied. A standard-
ized tool with defined criteria to assess the risk of bias in each study was used. For
non-randomized comparative trials, the Robins-I tool was used while the Newcastle-
Ottawa scale was used for non-comparative non-randomized studies.

Results: Seven retrospective clinical studies were included. The studies reported
high success rates for pulpotomy with overall success ranges for partial or complete
pulpotomy ranging from 75% to 96%. One study compared the success rates of pul-
potomy to an alternative treatment option pulp capping (90.9% vs. 67%, respectively).
Due to the lack of homogeneity in the included studies, a meta-analysis was not
possible.

Discussion: This review highlights the limited evidence based for the current guid-
ance on treatment of complicated crown fractures. The findings of the review indi-
cate high success rates for pulpotomy; however, there is a moderate risk of bias and
small sample sizes in the included studies with the result that the overall results
should be interpreted with caution.
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Conclusion: Within the limitations of this review, the benefits and high success rates
reported for partial pulpotomy suggest this procedure, rather than pulp-capping,
should be considered as the treatment of choice for both immature and mature teeth

complicated crown fractures, dental trauma, follow-up, pulp exposure, pulpotomy, vital pulp
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that have suffered complicated crown-fractures.
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INTRODUCTION

Traumatic dental injuries are frequently encountered in
dental practice. The majority of dental trauma to the per-
manent dentition involves the maxillary central and lat-
eral incisors (Glendor, 2008), most commonly occurring
in children with immature or young permanent teeth be-
tween the ages of 6 and 12 (Altun et al., 2009; Diaz et al.,
2010). Crown fractures which involve pulpal exposure can
account for up to a third of all traumatic dental injuries
(Altun et al., 2009; Diaz et al., 2010) and the maxillary
central incisor is most commonly affected (Maguire et al.,
2000).

Treatment of traumatic pulp exposures is challeng-
ing for many clinicians as the primary objective should
be to select a strategy aimed at maintaining pulp vitality
(Fuks et al., 1982). Failure to do so can impose consider-
able treatment difficulties particularly in immature teeth,
when there are thin roots, wide root canals, weak residual
dentine and open apices, which can complicate the pa-
tient's dental treatment for the rest of their lives (Duggal
et al., 2017). It has been reported that root fracture is more
likely to occur in immature teeth compared to mature
teeth (Andreasen et al., 2002a; Cvek, 1992; Katebzadeh
et al., 1998); therefore, even in a young patient with com-
plete root formation, maintenance of pulp vitality should
allow the continued deposition of secondary and tertiary
dentine in the cervical area, which is likely to reduce
the risk of root fracture in later years. In the last decade,
due to the advances in knowledge of pulp biology and
availability of bioactive materials, pulpotomy has been
investigated as a more definitive treatment for mature per-
manent teeth; however, the bulk of this research focuses
on carious mature teeth (Cushley et al., 2019; Li et al.,
2019; Zanini et al., 2016). Revitalization and apexification
in immature permanent teeth which have pulps that be-
come non-vital may provide success in the elimination of
disease; however, there is evidence to suggest that they do
not produce predictable continued root development and
the root walls remain thin and prone to fracture (Duggal
et al., 2017; Silujjai & Linsuwanont, 2017). There is also
limited evidence available to determine whether teeth that

have undergone revitalization can be successfully moved
orthodontically (Chaniotis, 2018), therefore maintenance
of pulp vitality in both immature teeth and mature teeth
should be a treatment goal.

The goal of the partial or Cvek pulpotomy (Cvek,
1978) is to remove the coronally inflamed pulp leav-
ing the deeper remaining pulp, which continues to be
free from significant inflammatory changes. In animal
studies where pulps were mechanically exposed and left
untreated, it was found that there was negligible pulpal in-
flammation in the first few hours after trauma (Cox et al.,
1982; Heide & Mjor, 1983) and was confined to the coro-
nal 2-3 mm after 7 days (Cvek et al., 1982). Therefore, in
theory, removal of this exposed area of pulp should leave
a vital functioning pulp (Fong & Davis, 2002). The advan-
tages of a partial pulpotomy over a complete pulpotomy
include the preservation of cell-rich coronal pulp tissue
which provides a better healing potential and continued
deposition of dentine in the cervical area, which other-
wise could be potentially weak and more prone to fracture
(Cvek, 1992).

The severity of the initial injury, extent of pulpal ex-
posure, concomitant luxation injury and time interval be-
tween accident and treatment may all play an important
role in the healing of the pulp (Andreasen et al., 2002b;
Cvek, 1978; Fuks et al., 1982; Oulis & Berdouses, 1996).
Root canal treatment is the alternative treatment choice
to vital pulp therapy and was the traditional treatment
option for mature teeth (ESE, 2006). Guidance published
by the European Society of Endodontology (ESE), The
International Association of Dental Traumatology (IADT)
and the American Academy of Paediatric Dentistry
(AAPD) currently indicate that complicated (i.e. expo-
sure of pulp) crown fractures of mature and immature
permanent teeth should be treated by a vital pulp therapy,
which includes pulp capping or pulpotomy (AAPD, 2014;
Bourguignon et al., 2020; ESE, 2021). However, some stud-
ies have suggested a higher rate of pulpal necrosis for those
teeth treated by pulp capping compared to pulpotomy
(Fuks et al., 1982; Hecova et al., 2010; Wang et al., 2017).
In a retrospective observational study, it was reported that
the rate of pulp necrosis was three-fold higher with pulp
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capping (45.5%) compared to partial pulpotomy (13.6%)
over a 5-year period (Hecova et al., 2010). Similarly, in a
study by Wang et al. (2017), the rate of pulp necrosis fol-
lowing treatment of 375 teeth with a complicated crown
fracture was significantly higher in teeth, which were
treated with pulp capping compared to both partial and
complete pulpotomy. Over half (57.1%) of the pulps which
had been treated by pulp capping became necrotic com-
pared to 10.1% for partial pulpotomy, 9.8% for coronal
pulpotomy and 6.1% for retreatment by pulpotomy after
a direct pulp cap.

In general, the knowledge on the most appropriate
treatment for dental trauma amongst dentists is limited
(Kostopoulou & Duggal, 2005). Despite the recommenda-
tion that especially in immature teeth, the maintenance
of pulp vitality is essential, pulp extirpation is often pro-
vided as an emergency treatment. In an observational
study (Jackson et al., 2006) that examined the treatment
provided to 73 teeth of 68 patients who were referred to
Newcastle Dental Hospital, UK, 37 were immature inci-
sors. The authors reported that pulp extirpation was the
initial treatment provided in 44% of these cases with the
majority of this management occurring outside the hos-
pital setting. Whilst the IADT (Bourguignon et al., 2020)
recommend either a pulp cap or a partial pulpotomy as
the treatment of choice the ESE (2021) recommend partial
pulpotomy for large exposures and when there is a treat-
ment delay and pulp capping for minor exposures within
the first hours after trauma. It can be particularly difficult
for dental professionals to choose the most appropriate
treatment for complicated crown fractures because even
when the primary goal for all teeth is maintenance of pulp
vitality, the rationale for the choice of one approach (pulp
capping) over the other (pulpotomy) in the current guide-
lines is questionable.

Since the recent literature has suggested a greater in-
cidence of pulpal necrosis following direct pulp capping
compared to partial and complete pulpotomy (Wang et al.,
2017) and long-term success of partial pulpotomies has
been demonstrated in both mature and immature teeth
(Fuks et al., 1993), a question must be raised as to whether
pulpotomy should be the preferred treatment option for
all pulps of teeth which have undergone complicated
crown fractures.

There are no previous systematic reviews examining
whether pulpotomy (partial or complete) is an appropri-
ate treatment choice for both mature and immature per-
manent teeth following complicated crown fractures. The
main objective of this review was to determine the success
rate of pulpotomy (partial or complete) in the treatment
of pulps associated with complicated crown fracture for
mature and immature teeth. An additional aim was to
evaluate whether pulpotomy is as successful as either pulp

capping or root canal treatment for the treatment of pulps
associated with complicated crown fractures.

METHOD

This systematic review was registered in PROSPERO
(number CRD42021255689) and followed the PRISMA
guidelines (Preferred Reporting Items for Systematic re-
views and Meta-Analyses) using the PICOTS (Population,
Intervention, Comparison Outcome, Duration of Data
collection, Study types included) framework to investi-
gate the following clinical questions: “What is the success
rate of pulpotomy in permanent teeth which have had
a traumatic complicated crown fracture and what is the
success rate of pulpotomy compared with pulp capping or
root canal treatment in that scenario?’. Where in relation
to the PICOTS framework: P = Patients with a compli-
cated crown fracture of an immature or mature perma-
nent anterior tooth as a result of a trauma. I = Pulpotomy
(complete or partial), C = Root canal treatment includ-
ing apexification/apical plug procedures or pulp capping.
O = Critical outcomes were the absence of pain, swell-
ing or other clinical symptoms as well as radiographic
absence of periapical area or change suggestive of apical
periodontitis. Important (secondary) outcomes were tooth
discolouration, response to pulp sensibility testing, root-
end closure, cost effectiveness, radiographic evidence of a
hard tissue bridge, patient and operator satisfaction, initial
restoration and maintenance of coronal restoration. T = a
minimum of 12 months and maximum of as long as pos-
sible for all outcome measures. S = is human experimen-
tal studies (Randomized Control Trials, Non-randomized
Comparative Clinical trials [CCTs] — non-randomized).
The search was supplemented by longitudinal observa-
tional studies (retrospective and prospective comparative
cohort and case-control studies as well as single-arm stud-
ies) to ensure that all relevant clinical information that
is often not tested in experimental studies was captured
(Liberati et al., 2009; Nagendrababu et al., 2019).

Information sources and search strategy

The search strategy is outlined in Figure 1. A systematic
literature using key search terms was conducted using
PubMed, Web of Science and Cochrane Central Register
of Controlled Trials (CENTRAL), from inception to May
2021 and without language restricted to English. Searches
were conducted using a variety of MeSH terms or keywords
which included: pulpotomy, dental pulp exposure, den-
tal trauma, complicated crown fracture, traumatic pulp
exposure, vital pulp therapy. A detailed search strategy
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carried out using MeSH terms on the PubMed database is
outlined in Table S1. To identify conference papers, and
other grey literature, additional searches were performed
with the same search terms using Google Scholar (first 50
returns) and available repositories (e.g. Networked Digital
Library of Theses and Dissertations, Open Access Theses
and Dissertations, DART-Europe E-theses Portal - DEEP,
Opening access to UK theses - EThOS). Reference lists of
included trials and observational studies were also ana-
lysed to assure the reliability of data collected.

Study selection process

The following inclusion criteria were established for stud-
ies to be eligible for this systematic review:

1. Human experimental studies (Randomized Control
Trials, Non-randomized Comparative Clinical trials
[CCTs]). The search was supplemented by longitudinal

observational studies (retrospective and prospective
comparative cohort and case-control studies as well
as single-arm studies).

2. Patient's with mature or immature permanent incisors,
which had a complicated crown fracture (i.e. exposure
of pulp) following a trauma.

3. Complete or partial coronal pulpotomy carried out on
a permanent incisor tooth with a vital pulp no longer
than 3 weeks following the initial trauma.

4. In comparative studies, either pulp capping or root
canal treatment as the comparative treatment, which
could include apexification or apical plug procedures.

5. Studies reporting clinical, radiographic or overall suc-
cess rates with at least 12 months follow-up.

6. Radiographic success was established as no abnormal-
ity suggestive of apical periodontitis (i.e. apical radio-
lucency or emerging breakdown of lamina dura) and
continued root formation if tooth was immature.

7. Clinical success was defined as an absence of clini-
cal symptoms (e.g. pain, discomfort, swelling) or the
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patient was described as remaining asymptomatic after
treatment.

Secondary outcomes were also examined such as im-
pact of time interval to treatment, impact of pulpotomy
medicament, tooth discolouration, pulp vitality, root-end
closure, economic evaluations, dentine bridge formation,
patient and operator satisfaction and success of coronal
restoration.

Studies were excluded if they:

1. Examined primary teeth or involved permanent teeth
with pulp exposures due to caries.

2. Did not specify whether pulp exposure was due to car-
ies or trauma.

3. Had fewer than 10 cases in their outcome results.

4. Did notspecify whether teeth were anterior or posterior.

Two reviewers independently carried out the liter-
ature screening process and a third reviewer resolved
any disagreements. Full text assessments were then per-
formed on the screened articles prior to a final decision
on eligibility and acceptance for inclusion in this sys-
tematic review.

Data collection

The included papers were assessed and the following
data were collected from each study and collated into a
spreadsheet: study characteristics (country and year of
publication), name of journal, type of study, number
and demographics of the participants, diagnosis (pulpal,
trauma, periapical), root maturity, intervention, time
from injury to intervention, pulp medicament material
(which refers to any material directly applied to the pulp),
type of restoration, follow-up period, number lost to fol-
low-up, funding source and final clinical and radiographic
outcomes. In studies reporting mixed data (traumatic and
carious pulpal exposures), only data that were relevant to
the inclusion criteria (traumatic exposure and had follow-
up of at least 12 months) could be extracted were included
and if this was not identifiable the study was excluded.

Quality evaluation

A standardized tool with defined criteria to assess the
risk of bias in each study was used (Nagendrababu et al.,
2020) and each study was assessed by the two independ-
ent reviewers who conducted the literature search. For
non-randomized comparative trials, the Robins-I tool was
used (Sterne et al., 2016). Each study in this category was

assessed in each of the seven domains. A study was cat-
egorized as a low risk of bias if the following occurred:

« Confounding: No confounding is expected when the
confounding factors are controlled in the design (e.g.
concomitant luxation injury).

« Selection of the participants into the study: When the
patients were recruited from different places or dental
clinics.

« Classification of intervention: When the treatment pro-
vided was well defined for each group.

« Deviations from intended intervention: After initial
treatment provided, both groups received no further in-
tervention during the follow-up period.

« Missing data: When all the participants of the study
were included in the data provided.

« Measurement of outcomes: When clinical and radio-
graphic follow-up examination were carried out by a
blinded examiner.

« Selection of reported results: When all data involved in
assessment of success was provided.

An overall risk of bias was then assigned to each study
depending on the results of the seven domains.

For non-comparative non-randomized studies, the
quality of each study was assessed in accordance with
the Newcastle-Ottawa scale (NOS; Wells et al., 2019). The
NOS scale contains eight items within three domains and
the total maximum score is 9. A study with a score from 7
to 9 was considered a low risk of bias whilst 4-6 was mod-
erate risk and 0-3 very high risk of bias. Disagreements
during the review were discussed and resolved by a third
reviewer.

Data synthesis

Considering the discrepancies in standardization and het-
erogeneity of each of the included studies, a meta-analysis
was not possible. The success rate for pulpotomy or com-
parative treatment intervention was calculated for each
study by dividing the number of successful cases by the
total number of cases during a specific time period.

RESULTS
Included studies

In total, 491 articles were screened by two assessors after
duplicates were removed. Of these 491, 48 studies were
deemed relevant and a full text evaluation of each was
carried out by each assessor independently in accordance
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with the preferred reporting of systematic reviews
(PRISMA-P 2016).

Forty-one articles were then excluded. The detailed
reasons for exclusions are outlined in Table 1. Two stud-
ies had different time points using the same primary data
from two previous prospective clinical trials so the earlier
study in each case was excluded (Cvek, 1978, 1993; Fuks
et al., 1987, 1993). A total of seven studies were included
in the final review.
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Included study characteristics

Included study and population characteristics are shown
in Tables 2 and 3. All seven included studies were ret-
rospective clinical studies. Five studies had one study
group examining pulpotomy only (Caprioglio et al.,
2014; Cvek, 1993; Fuks et al., 1993; Klein et al., 1985; Xu,
2016). Two of the studies were comparative and had two
clinical groups; Fuks et al. (1982) compared complete

TABLE 1 Reasons for exclusion

Number
Reason for exclusion of articles  Author(s), year
Not available in English 9 Ortiz 1973, Ravn 1973, Ravn 1974,
Wojnar-Kalina 1979, Sluka et al., 1981,
Ravn 1982, Dabrowska et al., 1997, Bai
etal., 2011, Wang et al., 2011
Review article 5 Gutmann & Heaton 1981, Garcia-Godoy
& Murray 2012, Bimstein & Rotstein
2016, Bjorndal et al., 2019, Chen et al.,
2019
Pulp examined histologically 1 Cvek & Lundberg 1983
only after pulpotomy
Single case description 1 Patterson 1967
Animal study 1 Chiang et al., 2016
Did not specify if exposure 2 Ehrmann 1981, Boltacz-Rzepkowska &
due to caries or trauma Pawlicka 2003
Did not provide overall 1 Abuelniel et al., 2020
clinical and radiographic
success
Not all teeth included 1 de Blanco 1996
in results were
examined clinically and
radiographically
Results of pulp capping and 1 Robertson et al., 2000
pulpotomy not separate
Specific number of 1 Blanco & Cohen 2002
successful cases not given
Did not satisfy inclusion 5 Magnusson et al., 1969, Yilmaz et al.,
criteria for clinical 2010, Jackson et al., 2006, Wang et al.,
success 2017, Witherspoon et al., 2017
Did not specify which teeth 1 Kunert et al., 2015
were included
Study did not include clinical 3 Winter 1977, Gelbier & Winter 1988,
follow-up Maguire et al., 2000
Insufficient cases of 4 El-Meligy & Avery 2006, Yilmaz et al.,
traumatized teeth (per 2008, Witherspoon et al., 2006, Kang
inclusion criteria) etal., 2017
Inadequate follow up time of 3 Oulis & Berdouses 1996, Viduskalne &
less than 12 months Care 2010, Haikal et al., 2020
Subsequent follow-up study 2 Cvek 1978, Fuks et al., 1987

with longer follow up
time available
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Included study characteristics

TABLE 2

Level of

evidence

Funding

Outcome

Intervention Comparator

Location Follow up

Study design

Author

2b

NA

Clinical and

Partial pulpotomy NA

3-42 months

Ttaly

Retrospective single arm clinical trial

Caprioglio et al.,

radiographic

2014

2b

NA

Clinical and

Partial pulpotomy NA

3-15 years

Sweden

Retrospective single arm clinical trial

Cvek 1993

radiographic

2b

Clinical and NA

Direct pulp

3-36 months Complete

Israel

Retrospective double arm clinical trial

Fuks et al., 1982

radiographic

cap

pulpotomy

2b

NA

Clinical and

Partial pulpotomy NA

3-36 months

Israel

Retrospective single arm clinical trial

Klein et al., 1985

INTERNATIONAL
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radiographic

2b

NA

Clinical and

Partial pulpotomy NA

7.5-11 years

Israel

Retrospective single arm clinical trial

Fuks et al., 1993

radiographic

PULPOTOMY FOR CROWN FRACTURES

2b

NA

Clinical and

Partial pulpotomy NA

1 year

USA

Retrospective single arm clinical trial

Xu 2016

radiographic

Partial pulpotomy Pulpotomy Clinical and Supported by grants from  2b

1-5years

China

Retrospective double arm clinical trial

Rao et al., 2020

the Natural Science

with CH radiographic

with iRroot BP

Plus

Foundation of China

pulpotomy to pulp capping and Rao et al. (2020) com-
pared two different materials (iRoot BP Plus and Calcium
Hydroxide (CH)) for use in pulpotomy. Six of the stud-
ies examined partial pulpotomy (Caprioglio et al., 2014;
Cvek, 1993; Fuks et al., 1993; Klein et al., 1985; Rao et al.,
2020; Xu, 2016) whilst Fuks et al. (1982) examined com-
plete pulpotomy. All studies combined clinical and ra-
diographic success, whilst Rao et al. (2020) separated the
two variables. The follow-up of the participants ranged
from 3 months to 15 years but only results with at least
12 months follow-up were included in the systematic
review.

Quality assessment

Five studies were single-arm cohort studies and assessed
using the NOS scale (Table 4; Caprioglio et al., 2014;
Cvek, 1993; Fuks et al., 1993; Klein et al., 1985; Xu, 2016).
Rao et al. (2020) was also assessed using the NOS scale,
as although it was a double-armed study, only one treat-
ment partial pulpotomy was examined and the compara-
tive groups only applied to the medicament used. Five of
these studies were deemed to have a moderate risk of bias
whilst the study by Rao et al. (2020) was deemed to have
a low risk of bias. One study was a non-randomized com-
parative trial and was assessed according to the Robins-I
tool (Table 5) and had a moderate risk of bias (Fuks et al.,
1982). The level of evidence provided by each included
study (Caprioglio et al., 2014; Cvek, 1993; Fuks et al.,
1982, 1993; Klein et al., 1985; Rao et al., 2020; Xu, 2016)
was categorized as 2b according to the Oxford Centre for
Evidence-Based Medicine (2009; Table 6).

Overall pulpotomy success rate

Table 7 shows the success rates of pulpotomy recorded
at the first observation period after 12 months from the
included studies. Several studies did not record data at ex-
actly 12 months and some included the participants who
were followed up before 12 months in their success rates,
so the closest data recorded following 12 months was out-
lined for each study. All failures recorded up to as well as
within the documented observation period were included
in these results. Those studies which included successful
results recorded before 12 months were not included. This
allows the most accurate overall success rate for pulpot-
omy with at least 12 months follow-up. The observation
periods varied between studies so the average overall suc-
cess rate across all studies could not be determined at any
specific time period. Due to the heterogeneous nature of
the data, a meta-analysis was not possible.
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TABLE 5 Quality assessment of the non randomized studies according to Robins-I tool

Overall risk

Selection of
of bias

Measurement of

outcomes

Missing
data

Classification of Deviation from
intervention

Selection of

Baseline

reported results

intended intervention

participants

confounding

Study

Moderate

Low

High

Moderate

Moderate Low Low

High

Fuks et al., 1982
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The studies reported high success rate for pulpotomy
with overall success ranges for partial pulpotomy ranging
from 75% to 96% (Caprioglio et al., 2014; Cvek, 1993; Fuks
et al., 1993; Klein et al., 1985; Rao et al., 2020; Xu, 2016).
Only one study examined complete pulpotomy on imma-
ture teeth only which recorded a success rate of 90.9% at
or after 12 months (Fuks et al., 1982). All studies com-
bined radiographic and clinical success except Rao et al.
(2020) who separated clinical and radiographic success.
Their results were recorded as 100% clinical and 99% ra-
diographic success for the iRoot BP Plus group compared
to 94% clinical and 93% radiographic success for the CH
group, respectively. This combined to an overall success
rate of 99% in the iRoot BP Plus group and 93% in the CH
group. This gave an overall success rate for partial pulpot-
omy of 96% for both groups combined.

Table 8 shows the success rates documented in studies
with longer follow-up periods after those recorded in Table
7.The success rates are high as most failures were recorded
prior to these observation periods and were therefore not
included. Cvek (1993) recorded all failures (n = 9) within
the first 36 months giving a success rate of 95% at this
time. This success rate increased to 100% in all subsequent
observation periods. Fuks et al. (1982) documented three
failures and two of them occurred prior to 6 months so
the success rate increased from 90.9% to 93.3%. Fuks et al.
(1993) did not recall four failures in their follow-up study.
These failures occurred 6 months after treatment, so are
not included in their success/failure rates. However, there
were a greater number of patients available for follow-up
overall in the later observation period with 39 available
at 13-50 months and 40 available at 90-132 months. The
success rate dropped from 89.74 to 87.5%.

Pulpotomy versus comparative
treatment option

Only one study compared pulpotomy with an alterna-
tive treatment option. Fuks et al. (1982) compared com-
plete pulpotomy to pulp capping. All the participants
in the pulp capping group had mature teeth and all the
participants in the complete pulpotomy group had im-
mature teeth. There were 38 cases in each group and at
the 12-23-month observation period, there were seven
failures in the pulp capping group (33%) and three fail-
ures in the pulpotomy group (9.1%). It is specified in the
study that two failures in the pulpotomy group occurred
within 6 months. The third failure which was classified
as pulp canal obliteration (PCO) with no periapical patho-
sis was not categorized into a specific time period. All
failure cases in the pulp capping group occurred before
12 months. There were high numbers lost to follow up in
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TABLE 6 Oxford centre for evidence-

Level Therapy/Prevention, Aetiology/Harm based medicine-levels of evidence
la SR (with homogeneity) of RCTs employed in this study
1b Individual RCT (with narrow Confidence Interval)
1c All or none
2a SR (with homogeneity) of cohort studies
2b Individual cohort study (including low quality RCT; e.g. <80%
follow-up)
2c ‘Outcomes’ Research; Ecological studies
3a SR (with homogeneity) of case-control studies
3b Individual Case-Control Study
4 Case-series (and poor-quality cohort and case-control studies)
5 Expert opinion without explicit critical appraisal, or based on

physiology, bench research or ‘first principles’

this study with 17 cases not followed up after 11 months in
the pulp capping group and five in the pulpotomy group.
There were no studies identified which directly compared
pulpotomy with root canal treatment.

Success rates with stage of root maturity

There were two studies that examined whether success
rates were affected by root maturity (Cvek, 1993; Rao et al.,
2020) and the results of these can be seen in Tables 7 and
8. The success rates ranged between 93.75% and 97.4% for
mature teeth and 95.3%-96.7% for immature teeth. Both
studies found that there was no significant difference be-
tween partial pulpotomy success rates for mature and im-
mature teeth. Two studies used immature teeth only for
pulpotomy (Caprioglio et al., 2014; Fuks et al., 1982) with
Fuks et al. (1982) using mature teeth for the comparison
pulp capping group. The remaining three studies exam-
ined both mature and immature teeth but the results suit-
able for the purposes of this systematic review were not
categorized according to root maturity (Fuks et al., 1993;
Klein et al., 1985; Xu, 2016).

Success rates and time interval
to treatment

There were five studies which examined whether success
rates corresponded to time interval from injury to time of
treatment (Cvek, 1993; Fuks et al., 1982, 1993; Klein et al.,
1985; Xu, 2016) and the results are outlined in Table 9.
Xu (2016) separated the results according to time inter-
val to treatment; however, only those results available for
cases treated within 12 h of trauma were extracted for this
systematic review as there was no defined maximum time
interval for those treated at an interval greater than 12 h.

These cases were excluded as they did not satisfy the in-
clusion criteria for the review of a time interval to treat-
ment of less than 3 weeks so are not included in Table 9.

Cvek (1993) reported that there was a numerical dif-
ference relating to success rates when the time interval to
treatment was considered, with the success rate dropping
from 95.83% before 72 h to 87.5% over 72 h; however, the
difference was not significant. Only five teeth were treated
after 24 h in the study by Fuks et al. (1993) and the success
rate dropped from 90.9% within 24 h to 66.6% for treatment
provided between 25 and 96 h; however, the participant
numbers were small and the authors did not investigate if
this difference was significant. There was also a numerical
decrease in the success rates after a 24-h treatment inter-
val in the study by Fuks et al. (1982). However, this num-
ber was also not statistically significant and the eight teeth
that were treated after 6 days were all deemed successful
at their reviews, five of which were followed up for at least
36 months. Rao et al. (2020) outlined the time intervals to
treatment which ranged between less than 24 h to greater
than 72 h, for both the CH and iRoot BP Plus pulpotomy
groups and reported there was no significant difference be-
tween the groups; however, they did not correlate whether
time interval was significant in relation to the overall suc-
cess rate. Klein et al. (1985) had only five results available
of cases treated with an interval from trauma of more than
24 h with at least a 12-month follow-up; however, all of
these cases were deemed successful.

Studies comparing different medicaments

Five studies used CH as the only pulp medicament (Cvek,
1993; Fuks et al., 1982, 1993) and one study used Mineral
Trioxide Aggregate (MTA; Caprioglio et al., 2014). Only
one study was identified that compared the success rates
of medicaments which were CH and iRoot BP Plus (Rao
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TABLE 9 Time interval to treatment

Overall

Number available

at follow up
period

Observation
period

success rate

% (n)

Success rate: time interval
to treatment >72 h % (n)

Success rate: time interval

to treatment 25-72 h % (n)

Success rate: time interval
to treatment <24 h % (n)

Medicament

(months)

Study

95 (169)
90.9 (30)

87.5(14)
100 (8)°

95.83(23)

50 (3)*

95.65 (132)
100 (21)
77.7(7)

CH
CH
CH
CH

178
33
14
404

36

Cvek (1993)

12-36 months
12-36 months

90-132

Fuks et al. (1982)
Klein et al. (1985)
Fuks et al. (1993)

100 (5)°
66.6 (4)°

87.5(35)

100 (1)°

90.9 (30)

*Time interval 2-6 days.

INTERNATIONAL
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Time interval >6 days.

“Time interval to treatment 25-96 h.

dg patients who had pulp necrosis within 6 months of treatment were not recalled for this recall and of these four patients 2 were treated within 24 h, one was treated between 1 and 4 days and one was treated after

4 days.

PULPOTOMY FOR CROWN FRACTURES

“Time interval greater than 96 h.

et al., 2020). The overall success rate of the CH group was
93% compared to 99% in the iRoot BP Plus group, this
difference was statistically significant. The overall suc-
cess rate after 12 months in the study by Caprioglio et al.
(2014) which used MTA was 81.5% compared to success
rates ranging from 89.74% to 94% in those studies that
used CH (Cvek, 1993; Fuks et al., 1982, 1993; Klein et al.,
1985; Xu, 2016).

Secondary outcomes

In four studies, a positive electric pulp test (EPT) was nec-
essary criteria for a successful outcome (Cvek, 1993; Fuks
etal., 1982,1993; Klein et al., 1985). Caprioglio et al. (2014)
used a physiological response to thermal testing as suc-
cessful criteria whilst Rao et al. (2020) used EPT as a ref-
erence to verify clinical failure when teeth showed other
signs or symptoms. No study outlined the exact numbers
of positive or negative responses to pulp sensibility tests in
their follow-up.

In five studies, evidence of dentine (or mineralized)
bridge formation was also a defined criterion for success
(Cvek, 1993; Fuks et al., 1982, 1993; Klein et al., 1985; Xu,
2016) Rao et al. (2020) assessed the presence of a dentine
bridge in all cases and reported that dentine bridges were
radiographically observed in 92.3% and 90.3% of the suc-
cessful cases in the iRoot BP Plus and CH groups and in
100% and 85.7% of the failed cases, respectively. PCO was
considered a successful outcome in Rao et al. (2020) but
considered a failure in the studies by Fuks et al. (1982) and
Cvek (1993). The remaining two studies did not specifi-
cally mention it in their criteria or results.

No study recorded secondary outcomes of discoloura-
tion, success of coronal restoration, patient or operator
satisfaction or economic evaluations so these outcomes
could not be assessed.

DISCUSSION

There is a growing evidence base available from multiple
systematic reviews that demonstrates high success rates
for molar teeth that have been treated by pulpotomy due
to carious pulp exposures or resulting pulpitis (Cushley
etal., 2019; Elmsmari et al., 2019; Li et al., 2019). However,
there is a paucity of literature available in relation to the
success rates of pulpotomy in teeth which have had trau-
matic exposures due to complicated crown fractures and,
there are no published systematic reviews assessing this
outcome. Within this review there were only seven stud-
ies which satisfied the inclusion and exclusion criteria and
unfortunately none of these were randomized controlled
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trials. The seven included studies varied in number of
the participants, pulp medicament, length of follow-up,
outcome measures and stage of maturity of teeth but all
included patients that had undergone either partial or
complete pulpotomy after a complicated crown fracture.
The overall quality of the included studies was assessed
as being moderate with six studies (Caprioglio et al., 2014;
Cvek, 1993; Fuks et al., 1982, 1993; Klein et al., 1985; Xu,
2016) recorded as having a moderate risk of bias and one
study by Rao et al. (2020) being categorized as low risk in
the assessment scale. This highlights that the strength of
recommendation is moderate and caution must be exer-
cised in extrapolating the results of the included studies
and findings of the review.

One strength of the current systematic review is the
strict inclusion and exclusion criteria used. However,
many of the original studies included follow-up results
which were recorded less than 12 months after the inter-
vention and although these were excluded from the results
of this systematic review, it resulted in two studies having
a reduced sample size (14 and 33 cases, respectively; Fuks
et al., 1982; Klein et al., 1985). Xu (2016) also had a small
sample size of 12 as only cases which were treated within
12 h of the trauma were included. The lack of standardized
follow-up times in the included studies meant direct com-
parison and pooling of results was impossible. It would
be recommended that future studies ensure follow-up of
at least 12 months with larger sample sizes to allow ade-
quate pooling of results and increase the strength of evi-
dence available. The range of included study designs is a
limitation of this review as it includes both retrospective
and non-comparative single-arm studies, which are of a
lower quality of evidence and limits comparison. These
study designs were included after an initial pilot literature
search had highlighted that there was insufficient com-
parative evidence in this area.

The nature of these procedural interventions (partial
or complete pulpotomy or pulp capping) makes it dif-
ficult to completely blind the operator or the assessor at
treatment or follow-up, which implicates all studies in
both performance and detection bias. Rao et al. (2020)
was the only study that attempted to blind the assessors
when examining follow-up radiographs. Caprioglio et al.
(2014) used patients in private endodontic practice whilst
Xu (2016) examined patients in an emergency clinic as
well as a separate dental clinic in a nationwide children's
hospital, all other studies used patients who had attended
specialist pedodontic departments. The use of a subpop-
ulation means there is a potential selection bias and re-
duced external validity where subjects are selected from
referral only patients and the results may not be reflective
of the general population such as those presenting to gen-
eral dental practice.
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The findings of the review found an encouraging out-
come for partial and complete pulpotomy in both mature
and immature teeth, which had suffered complicated
crown fractures with the overall success rate ranging from
75% to 96.7% with a minimum 12 month follow-up period.
Only one study examined complete pulpotomy which
had a success rate of 90.9% (Fuks et al., 1982). Fuks et al.
(1993) included four failures which were recorded in a
preceding study (Fuks et al., 1987) but not in the follow-up
study, which led to a slightly higher success rate being re-
corded. There are considerable advantages to pulpotomy
over pulpectomy for mature teeth as it is less invasive and
technically simpler and does not take up as much time for
patient or operator (Cushley et al., 2019). A shorter time
for appointments has a big advantage in the treatment of
children, who are most commonly affected by compli-
cated crown fractures, as this may increase compliance
(Alqgaderi et al., 2014). Maintenance of pulp vitality also
preserves the protective mechanisms of the pulp-dentinal
complex and in partial pulpotomy allows continuous depo-
sition of dentine in the cervical area to reduce the risk of
root fracture. The standard of root canal treatment in the
general population has also being found to be low with a
high incidence of periapical disease amongst root-treated
teeth (Saunders et al., 1997), so a more conservative alter-
native than root canal treatment which is technically sim-
pler would be a better option. Despite these advantages,
until recently, the choice of treatment for complicated
crown fractures is most commonly root canal treatment
in mature teeth (Hecova et al., 2010; Jackson et al., 2006).

Only one study directly compared pulpotomy (com-
plete) to a treatment alternative, which was pulp capping
and the success rate was significantly higher for pulpot-
omy (90.9% vs. 66.1%; Fuks et al., 1982). However, the pul-
potomy cases were performed on immature teeth whilst
all pulp capping cases were performed in mature teeth.
The treatment allocation is not random in this case and
with the added possibility that immature teeth may have
a higher chance of maintaining pulp vitality, these results
should be interpreted with caution when directly compar-
ing the two treatment groups. The results of this study do
correlate with other studies showing high rates of pulpal
necrosis (45.5%-57%) following pulp capping after com-
plicated crown fractures (Hecova et al., 2010; Wang et al.,
2017). The higher rate of pulp necrosis may be related to
the failure to remove the contaminated superficial layer of
the exposed pulp, which is removed during a pulpotomy
procedure but not during a pulp capping procedure (Fuks
et al., 1982) or may be due to the practical difficulties in
placing a pulp cap on a smooth fractured surface after
crown fracture. The importance of a coronal seal to main-
tain a good outcome in root canal-treated teeth (Gillen
et al., 2011; Ray & Trope 1995) and following vital pulp
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treatment has been established (Cox et al., 1987). Wang
et al. (2017) demonstrated that the pulp had a lower sur-
vival rate after vital pulp treatment of complicated crown
fractures if the coronal restoration failed within 6 months.
A potential explanation to pulpotomy being more success-
ful than direct pulp cap is that it facilitates a better coronal
seal. It has been suggested that pulp capping procedures
may occupy parts of dentine and even enamel, thereby re-
ducing the quality of the seal of an adhesive restoration
(Hecova et al., 2010). The nature of troughing out an area
for the pulpotomy medicament to be placed may reduce
the risk of subsequent bacterial penetration (Hecova et al.,
2010).

The studies included in this systematic review did not
assess whether the restoration was satisfactory on review
or whether the choice of restoration impacted the out-
come, although Rao et al. (2020) excluded cases from their
results, which had partial or complete loss of restoration.
There was also no reference in any study to the quantity
of remaining tooth structure, which could also impact
tooth survival rates (Al-Nuaimi et al., 2020). In the study
by Caprioglio et al. (2014), it was reported that the tooth
was initially restored with temporary cement and only
when the mineralized bridge was formed was the tooth re-
stored with a composite restoration. The lack of adequate
coronal seal in this study may contribute to the slightly
lower success rate of 81.5%. It would be beneficial for fu-
ture pulpotomy studies to clarify the choice of restorative
material used and include whether there were any failures
observed in the restoration during follow-up, which may
impact the coronal seal and overall success rates. In ac-
cordance with the ESE guidelines on outcome assessment
for vital pulp treatments, the inclusion criteria specified
that both clinical (absence of symptoms) and radiographic
(no abnormalities suggestive of periapical periodontitis)
success criteria should be included (ESE, 2019). Although
all included studies used both clinical and radiographic
criteria to assess the outcome, the exact criteria specified
for successful outcomes such as documented symptoms,
sensibility tests and radiographic findings differed signifi-
cantly between studies. Failure to satisfy the designated
outcome criteria also excluded several studies from this
systematic review. This finding is in accordance with an-
other systematic review carried out by Kenny et al. (2018),
which concluded that outcome criteria for traumatic den-
tal injuries varied significantly in the literature. They pub-
lished a recommended standardized set of core outcomes
for all traumatic dental injuries and some injury-specific
outcomes to facilitate easier comparison across different
studies in the future (Kenny et al., 2018).

Andreasen et al. (2018) stated that only histological
criteria can definitively verify pulp healing so to establish
whether there is pulp vitality the use of sensibility tests

and evidence of radiographic bridge formation have been
used as indicators. Although assessment of the blood sup-
ply within the dental pulp with laser Doppler flowmetry
may be the best indicator of true pulp vitality (Alghaithy
& Qualtrough 2017; Mainkar & Kim 2018), none of the
included studies in this review used this method to aid
assessment of pulp vitality. Pulp sensibility tests (ther-
mal and EPT) can indirectly test pulp vitality by assessing
the response of the nerve fibres in the pulp (Alghaithy &
Qualtrough 2017); however, false positive and false neg-
ative results are common, especially in immature teeth
(Gopikrishna et al., 2009), and in the first few months
after trauma (Bastos et al., 2014). It has been suggested in
a systematic review on the outcome criteria for pulpotomy
in mature teeth that it would be unreliable to use such
tests due to the inaccurate readings (Zanini et al., 2016);
however, this recommendation is based on outcome re-
sults of coronal pulpotomy on molar teeth and sensibility
tests may be more reliable in pulpotomy in anterior teeth
due to the remaining vital pulp, particularly if a partial
pulpotomy has been performed. Some studies included in
this review did have outcome success measures such as
a positive response to thermal testing (Caprioglio et al.,
2014) and EPT tests (Cvek 1993; Fuks et al., 1982, 1993;
Klein et al., 1985). Considering these studies included
both mature and immature teeth, it is possible due to un-
reliable sensibility tests readings, some cases were docu-
mented as failures based solely on an inaccurate test result.
Unfortunately, the exact reasoning for classifying the case
as a failure was not always specified within the studies so
it is unknown if this is the case. It would be advisable that
in future studies of the success rates of pulpotomy that
sensibility tests would be used as one of a number of core
indicators rather than specific criteria for an outcome to
be successful.

Considering the difficulties and reliability of clinically
identifying vital pulp tissue, similarly to other reviews as-
sessing the outcomes of pulpotomy, assessment of periapi-
cal health was deemed to be a clinically relevant outcome
(Cushley et al., 2019; Zanini et al., 2016). High quality ra-
diographs are essential for determining periapical health
and limitations in the use of periapical radiographs for
this are well documented which include the compression
of 3-dimensional anatomy (Velvart et al., 2001), anatom-
ical noise (Bender & Seltzer 1961) and geometrical dis-
tortion (Forsberg & Halse 1994) all of which can obscure
the area of interest. Periapical periodontitis is usually di-
agnosed with a periapical radiolucency (@rstavik et al.,
1986); however, this can be difficult to determine on a
periapical radiographic particularly in the early stages of
bone destruction (Patel et al., 2009; Tsai et al., 2012). It has
been well documented that cone beam computed tomog-
raphy (CBCT) is superior to conventional radiographs for



DONNELLY ET AL.

J INTERNATIONAL

detection of periapical periodontitis (Davies et al., 2015;
Estrela et al., 2008; Lofthag-Hansen et al., 2007; Low et al.,
2008; Patel et al., 2012) and resorption (Lima et al., 2016).
No study included in this review used CBCT to detect
these changes. This may be partly due to most included
studies being conducted prior to the CBCT-era use and the
drawbacks due to radiation dose (Patel et al., 2019) and
cost.

Two studies also identified PCO as a failure, despite
there being no other periradicular changes evident (Cvek
1993; Fuks et al., 1982). PCO was not included as a reason
for failure in the review criteria due to the low incidence
of these teeth developing periapical infection (McCabe &
Dummer 2012), and it being more likely to be related to
damage to the neurovascular supply to the pulp from a
luxation injury (Robertson et al., 2000). Three of the nine
failures in the study by Cvek (1993) were attributable to
PCO so the overall success rate would be higher if this was
deemed an acceptable outcome as it was in the study by
Rao et al. (2020).

In part, the reported success rates for pulpotomy may
be higher than that for the general population as although
not all studies focused on immature teeth, many used
young adults or children with the mean age being reported
between 8 and 9.1 years in two studies (Caprioglio et al.,
2014; Rao et al., 2020) with the remainder studies having
age ranges between 6 and 22 years (Cvek 1993; Fuks et al.,
1982, 1993; Klein et al., 1985; Xu 2016). The results may
be representative of this age group, but it is possible that
as people get older the decreased blood supply or reduced
pulpal cellularity may decrease success rates. However,
considering dental trauma mainly occurs in younger age
groups (Glendor 2008), it is important to find the most ap-
propriate treatment option at this age.

As young permanent teeth have open apices and abun-
dant apical blood supply, it is thought that these factors
may prevent bacterial invasion and the spread of inflam-
mation (Andreasen & Kahler 2015), which could provide
a better outcome for healing (Camp 2008). Two studies in
this systematic review compared the success rates for pul-
potomy in mature and immature teeth (Cvek 1993; Rao
et al., 2020). The authors from both studies determined
that root maturity had no significance on the success
rates. Caprioglio et al. (2014) examined partial pulpotomy
on immature teeth only and this study had a slightly lower
success rate of 85.1%. This could suggest that root matu-
rity should not be a significant indicator of treatment and
instead the maintenance of pulp vitality should be the aim
for all teeth with complicated crown fracture.

It has been proposed that the primary factor related to
pulp healing after a complicated crown fracture appears
to be compromised pulpal circulation due to concomi-
tant luxation injuries (Robertson et al., 2000). Robertson
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et al. (2000) looked at 103 teeth with complicated crown
fractures, 69 of which had associated luxation injury and
it was found that an associated damage to the PDL in-
creased the likelihood of pulp necrosis from 0% to 14%. It
has been documented that a quarter of teeth which suffer
complicated crown fractures can have associated ligament
injuries (Maguire et al., 2000). Caprioglio et al. (2014) out-
lined that they only included teeth which had an assumed
healthy radicular pulp; however, at initial preoperative
examination 22 of the 27 teeth were tender to percussion
and all had increased mobility except one. This may sug-
gest that some teeth had concomitant periodontal injuries
which again may account for the slightly lower success
rate of 81.5% compared to other studies. Only two studies
included in this review excluded teeth that had undergone
luxation injuries and this may account for the highest suc-
cess rates in those studies of between 95% and 96% (Cvek
1993; Rao et al., 2020). Since the remaining studies did
not control for luxation injuries and still maintained high
success rates, this could indicate that although the risk of
necrosis may be increased, an associated luxation injury
does not contraindicate vital pulp treatment.

In many cases there is a delay between the time of injury
and attendance for treatment, with two studies reporting
that only 43%-54% of patients who suffer a complicated
crown fracture were treated on the day of their accident
(Jackson et al., 2006; Maguire et al., 2000). It is important
to determine whether this delay could impact treatment
outcome; however, there are few studies available examin-
ing this (Andreasen et al., 2002b). Four of the seven stud-
ies included in this review examined whether time from
injury to treatment impacted the overall success rates and
there was no significant impact found in any study (Cvek
1993; Fuks et al., 1982, 1993; Klein et al., 1985). Rao et al.
(2020) did not assess whether the time interval impacted
on treatment outcome, but out of a total number of 168
cases in both the iRoot BP Plus and CH, 72 cases were
treated between 24 and 72 h and 36 cases were treated at
an interval longer than 72 h. The high overall success rates
in each group of 99% in the iRoot BP plus group and 93%
in the CH group, would suggest that treating teeth several
days after trauma should still achieve high success rates.
In comparison, in animal studies it has been found that
the success of pulp capping mechanical exposures in pri-
mates reduced from 93% to 56%, when microbial exposure
increased from 1 h to 7 days (Cox et al., 1982). This would
suggest that time-dependent treatment for pulp capping is
more essential than for pulpotomy.

It has historically been suggested that the size of pul-
pal exposure may be a determining factor in deciding
whether a pulp cap or pulpotomy is the most appropri-
ate treatment choice (Cvek 1978). Xu (2016) outlined that
81% of the exposures in their study were under 2 mm in
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diameter. However, in the study by Xu (2016), only certain
cases were suitable for inclusion, therefore, in this review
it is unclear what size the exposures were in the included
results. No other study included in the review outlined the
size of exposures or the location. Fuks et al. (1982) only
carried out the pulp capping procedure on pinpoint ex-
posures, they performed pulpotomy on all teeth with im-
mature roots regardless of exposure size. The rationale for
the size of exposure after trauma having no influence on
success rates for vital pulp treatment is if it is not infected;
however, it may be important for carious exposures where
a larger exposure is likely to be accompanied by increased
pulpal infection and severity of pulpitis.

Whilst CH has traditionally been used as a pulp capping
agent due to its antimicrobial activity and stimulation of
hard tissue formation, it has drawbacks such as high solu-
bility, lack of adhesion, poor sealing ability (Mohammadi
& Dummer 2011) and tunnel defects in the mineralized
tissue formed (Cox et al., 1985). The development of MTA
with superior physical properties has substituted the use
of CH in many situations of vital pulp therapy; however, it
remains to have limitations of its own such as discoloura-
tion (Kahler & Rossi-Fedele 2016) and long setting time
(Parirokh & Torabinejad 2010). This has led to the devel-
opment of many more hydraulic cements, which appear
to have the same characteristics but overcome the limita-
tions of MTA (Parirokh et al., 2018). The use of MTA and
these hydraulic cements for coronal pulpotomy of carious
molars has increased overtime due to high success rates
(Cushley et al., 2019; Li et al., 2019), and more predictable
mineralized bridge formation (Asgary et al., 2008). There
are multiple case reports in the literature outlining the
success of these materials in complicated crown fractures
(Abarajithan et al., 2010; Asgary & Fazlyab 2014; Martens
et al., 2015; Tuloglu & Bayrak 2016); however, only two
studies in this review used materials other than CH for pul-
potomy, which were iRoot BP Plus and MTA (Caprioglio
et al., 2014; Rao et al., 2020). iRoot BP Plus is a calcium
silicate bioactive ceramic (Rao et al., 2020) composed of
tricalcium silicate, zirconium oxide, tantalum pentoxide,
dicalcium silicate, calcium sulphate, calcium phosphate
monobasic and filler agents (Mahgoub et al., 2019). The
iRoot BP Plus group had the highest success rate in this
systematic review whilst MTA had a lower success rate at
81.5%. Interestingly, Rao et al. (2020) advised they selected
iRoot BP Plus to assess its success in pulpotomy over MTA
due to MTA’s side effect of discolouration. However, in
their study they did not examine whether the alternative
of iRoot BP Plus caused discolouration itself. No study
in the review identified specifically if discolouration was
evident in their outcome and there is limited available
research on this topic in the literature. Abuelniel et al.
(2020) compared MTA with Biodentine as medicaments

for pulpotomy in traumatized anterior permanent teeth.
They separated clinical and radiographic success inde-
pendently without pooling an overall success rate so were
not included in this review; however, they found that dis-
colouration was significantly more prevalent in the MTA
group compared to the Biodentine group. It would be ben-
eficial for future studies in this topic to examine whether
discolouration was evident at follow-up as this can have a
significant impact on patient satisfaction levels.

The remaining studies used CH and their success
rates ranged from 75% to 95% (Cvek 1993; Fuks et al.,
1982, 1993; Klein et al., 1985; Xu 2016). Previous studies
have found a high rate of pulpal necrosis using CH for
pulp capping complicated crown fractures, with rates of
pulpal necrosis ranging between 45.5% and 57% (Hecova
et al., 2010; Wang et al., 2017). In this systematic review,
CH has shown to have predictable outcomes for use in
pulpotomy. Xu (2016) demonstrated the lowest success
rates for partial pulpotomy of 75%; however, due to the
strict inclusion criteria used in the systematic review,
only limited data could be extracted from this study so
only 12 cases were included. This study examined two
treatment centres and the authors found that there were
higher failure rates for pulpotomy when treatment as
carried out in an emergency department. The authors
attributed this higher failure rate to absence of dental
assistants being present, late night treatments and in-
creased risk of severe luxation injuries concomitantly
occurring. As previously mentioned, the low success
rates of CH for pulp capping may be due to the fact that
inflamed superficial layer is not removed (Fuks et al.,
1982) along with difficulties in providing a good coronal
seal over a traditional CH pulp cap, making the material
more suitable for a pulpotomy procedure. Since some
hydraulic calcium silicate cement materials may not be
available for use due to economic limitations in general
practice (Zanini et al., 2019), CH could remain a suitable
alternative if required. Further well-designed random-
ized controlled studies examining the difference success
rates of pulp medicament materials would be beneficial.

It has been established that bleeding time coincides
with prognosis of vital pulp treatment for carious expo-
sures (Matsuo et al., 1996). Recent guidance published on
the management of endodontic injuries suggests that the
level of pulp amputation be determined by whether the
bleeding can be stopped by applying pressure with saline
or sodium hypochlorite-soaked gauze after ‘five minutes’
(Krastl et al., 2021). In this systematic review, only Rao
et al. (2020) advised of the exact bleeding time, which was
up to 5 min. It would be a recommendation that in fu-
ture research the bleeding times be recorded, and these
can then be assessed against success/failure rates so as to
confirm whether 5 min is an appropriate time clinically
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for a clinician to progress from a partial pulpotomy to a
complete pulpotomy.

Strengths and limitations

A strength of this systematic review is that multiple key
databases were searched systematically, which covers
all the relevant literature in this area and to the authors’
knowledge this is the first systematic review on this topic.
Another advantage of this review is the robust inclusion
and exclusion criteria that were used to maintain focus
within the review and minimise potential bias arising
from study selection.

However, there were also several limitations of this re-
view which include the risk of bias in included studies as
well as small sample sizes. The lack of standardization in
follow-up times and the range of included study designs is
a further limitation of this review as it includes both retro-
spective and non-comparative single-arm studies, which
are of a lower quality of evidence and limits comparison.
Although a meta-analysis was not possible due to lack of
standardization in the included studies, this review will
give guidance for further research particularly in relation
to follow-up and outcome data. Standardization in the fu-
ture will allow pooling of data from future studies which
will increase the strength of evidence in this area which is
greatly needed.

CONCLUSIONS

Within the limitations of this review, the high success rates
reported for pulpotomy suggests that this procedure, rather
than pulp capping, should be considered as the treatment
of choice for both immature and mature teeth that have
undergone complicated crown fractures. Furthermore,
there are high success rates for both complete and partial
pulpotomy but due to the advantages (procedure, outcome
sensibility testing) of partial pulpotomy, this should be the
chosen treatment option where possible.

Well designed and appropriately powered random-
ized controlled trials with adequately long follow-up are
required to prove long term success of pulpotomy. The
use of standardized and core outcome assessment crite-
ria would be greatly beneficial for comparison of future
results.

The continued use of CH can be justified, but future
studies using newer hydraulic calcium silicate cements
would be beneficial to determine if higher success rates
can be achieved.

Correction added on 11 th May 2022, after first online
publication: IReL funding statement has been added.
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