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ABSTRACT

Background: Appropriate selection of pulpotomy or pulpectomy in pediatric endodontic emergencies
depends on accurate assessment of pulp vitality, inflammation, radicular involvement, and systemic
signs. Although contemporary pediatric dentistry increasingly supports conservative vital pulp therapy
where biologically indicated, practice variation may persist because of differences in training, guideline
awareness, diagnostic confidence, and availability of clinical resources. Objective: To assess knowledge,
clinical decision-making, and self-reported practice patterns regarding pulpotomy versus pulpectomy in
pediatric endodontic emergencies among dental practitioners in Pakistan. Methods: A cross-sectional
online survey was conducted among 340 dental practitioners from multiple regions of Pakistan using a
structured questionnaire. Data were analyzed using IBM SPSS Statistics version 26.0. Descriptive statistics
were calculated, and associations between total knowledge score and decision-making score were
assessed using Spearman’s rank correlation and Chi-square testing. Results: Most participants correctly
identified indications for pulpotomy (84.4%) and pulpectomy (91.2%), while 60.6% selected
MTA/bioceramics as the material with strongest current evidence for pulpotomy success. Only 19.1%
had attended relevant CME/workshops in the previous three years, and 7.4% always used rubber dam
isolation. Knowledge score showed a significant positive but weak correlation with decision-making
score (p = 0.268, p < 0.001). Knowledge level was significantly associated with decision-making category
(x> = 13.087, p = 0.001). Conclusion: Dental practitioners demonstrated good basic awareness of pulp
therapy indications, but important gaps remain in continuing education, rubber dam use, guideline
familiarity, and emergency decision-making. Structured training and standardized protocols are needed
to improve pediatric endodontic care. Keywords: Pediatric dentistry; Endodontic emergency; Pulpotomy;
Pulpectomy; Vital pulp therapy; Dental practitioners; Pakistan.

INTRODUCTION

Pediatric endodontic emergencies commonly arise from deep caries, traumatic pulp exposure, acute
pulpal inflammation, and pulpal necrosis, requiring timely diagnostic assessment and appropriate
emergency intervention to preserve function, prevent infection, and avoid avoidable loss of primary or

immature permanent teeth. In clinical practice, the choice between pulpotomy and pulpectomy depends
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on careful interpretation of pulp vitality, reversibility of inflammation, radicular involvement,
radiographic findings, root development, and the presence or absence of swelling or systemic signs.
Pulpectomy involves complete removal of coronal and radicular pulp tissue followed by canal
debridement and obturation, and is generally indicated when the pulp is non-vital or necrotic,
particularly in the presence of periapical or radicular pathology. Pulpotomy, in contrast, involves removal
of the inflamed coronal pulp while preserving vital radicular pulp, and is indicated in selected cases of
reversible pulpitis, vital pulp exposure, traumatic exposure, or immature permanent teeth where
maintenance of pulp vitality is biologically desirable (1-4).

Contemporary pediatric endodontic practice has increasingly emphasized conservative vital pulp
therapy where biologically appropriate, supported by improved diagnostic concepts, better
understanding of pulpal healing, and the availability of bioactive materials. Mineral trioxide aggregate
and other calcium silicate-based bioceramics have shown favorable clinical and radiographic outcomes
in pulpotomy procedures compared with older medicaments such as calcium hydroxide and
formocresol, particularly when case selection, isolation, and follow-up are adequate (5-7). However, the
clinical value of these materials depends not only on their biological properties but also on the clinician’s
ability to correctly distinguish reversible from irreversible pulpal conditions, identify necrotic or infected
teeth, recognize emergencies requiring drainage or urgent referral, and apply evidence-based procedural
protocols.

Despite the availability of pediatric pulp therapy guidance, studies from Pakistan and other settings
suggest persistent variation in dentists’ knowledge, attitudes, material selection, isolation practices, and
management of child patients in dental settings (8-11). This variability is clinically important because
inappropriate selection of pulpotomy or pulpectomy may result in persistent infection, treatment failure,
damage to the developing permanent successor, unnecessary removal of vital pulp tissue, or delayed
management of spreading odontogenic infection. Current guidance from pediatric dentistry authorities
emphasizes accurate diagnosis, appropriate use of radiographs and pulp assessment methods, rubber
dam isolation where possible, evidence-based material selection, and structured follow-up after pulp
therapy (12). Nevertheless, adherence to these principles may be influenced by undergraduate training,
continuing professional development exposure, clinical confidence, availability of armamentarium,
diagnostic uncertainty, patient anxiety, and referral access.

Although previous studies have evaluated selected aspects of pulp therapy knowledge, material
preference, antibiotic prescription patterns, rubber dam use, and child-patient management among
dental practitioners, limited regional evidence has simultaneously assessed knowledge, decision-
making, and routine practice patterns for pulpotomy versus pulpectomy in pediatric endodontic
emergencies among practitioners from multiple regions of Pakistan (8, 9, 13-16). This combined
assessment is needed because knowledge of indications alone may not translate into guideline-consistent
clinical behavior, particularly when emergency decisions are shaped by confidence, training, setting, and
resource-related barriers. Therefore, this study aimed to assess knowledge, clinical decision-making, and
practice patterns regarding pulpotomy and pulpectomy in pediatric endodontic emergencies among
dental practitioners in Pakistan, and to identify educational and practice-related gaps that may inform
continuing dental education, clinical guideline implementation, and referral standardization.

MATERIAL AND METHODS

This cross-sectional observational survey was conducted among dental practitioners from multiple
regions of Pakistan over a six-month period from 8 September 2025 to 10 April 2026, following approval
of the study synopsis and ethical clearance. The study was designed to assess knowledge, clinical
decision-making, and self-reported practice patterns regarding pulpotomy and pulpectomy in pediatric
endodontic emergencies. Eligible participants included house officers, general dentists, postgraduate

trainees, and consultants or professors who were currently in dental practice or clinical training and
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provided informed consent to participate. Undergraduate dental students and individuals who did not

consent were excluded.

A non-probability convenience sampling technique was used because the target population was
geographically dispersed and the study required timely recruitment of practicing dental professionals
through accessible professional networks. Participants were approached through dental professional
groups, academic networks, social media platforms, and institutional contacts. The survey was
administered electronically using Google Forms, allowing participants to complete the questionnaire at
their convenience. Written informed consent was obtained at the beginning of the online form before
access to the survey items. Participation was voluntary, and responses were collected anonymously to
maintain confidentiality.

The sample size was calculated using Cochran’s formula, n, = z?p(1—p)/e? with a 95% confidence level
and a 5% margin of error, yielding a required sample size of 381 participants. Because of time constraints
and response-rate limitations, 340 completed responses were included in the final analysis. The final
sample size was therefore lower than the calculated target, and the findings should be interpreted as
estimates from a convenience-based practitioner sample rather than as nationally representative

prevalence estimates.

Data were collected using a structured, closed-ended questionnaire developed from previously published
questionnaire-based studies and established clinical guidance relevant to pediatric pulp therapy, rubber
dam use, diagnostic assessment, and emergency dental management (8, 9, 12, 15, 16). The questionnaire
was organized into six domains: demographic and professional characteristics, knowledge of pulpotomy
and pulpectomy indications, attitudes toward vital pulp therapy and diagnostic confidence, clinical
practice patterns, emergency decision-making scenarios, and perceived barriers and future trends.
Before final distribution, a pilot assessment was conducted among 17 participants, including individuals
with relevant clinical or academic experience, to evaluate clarity, feasibility, and comprehension of the
questionnaire items.

The demographic and professional variables included city, gender, professional role, years of clinical
experience, and practice setting. Knowledge-related variables included the primary source of learning
about pulpotomy and pulpectomy, awareness of the indication for pulpotomy in primary teeth,
awareness of the indication for pulpectomy in primary teeth, identification of the material or
medicament with the strongest current evidence for pulpotomy success, diagnostic tools routinely used
for pulp status assessment, and awareness of major complications arising from inappropriate pulp
therapy. Clinical attitude variables included perceived safety of pulpotomy compared with pulpectomy
in vital pulp exposures of primary teeth and self-rated confidence in diagnosing pulp status in children
using a five-point confidence scale. Practice variables included frequency of rubber dam isolation,
referral timing for pediatric pulpal emergencies, and radiographic follow-up after pulpotomy or
pulpectomy.

Knowledge was assessed using four predefined scored items: correct identification of the indication for
pulpotomy, correct identification of the indication for pulpectomy, correct identification of
MTA/bioceramics as the material with strongest current evidence for pulpotomy success, and awareness
of major complications associated with inappropriate pulp therapy. Each correct or guideline-consistent
response was assigned one point, producing a total knowledge score ranging from 0 to 4. Knowledge
scores were categorized as low for scores of 0-1, moderate for scores of 2-3, and high for a score of 4.
Multi-response items, such as diagnostic tools routinely used for pulp status assessment, were analyzed
descriptively and were not included in the total knowledge score.

Clinical decision-making was assessed using two scenario-based emergency questions. The first scenario
involved a 9-year-old child with traumatic pulp exposure in tooth 21, an open apex, no systemic signs,

and controlled bleeding, where vital pulp therapy using partial pulpotomy with a bioceramic or MTA
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was considered the appropriate response. The second scenario assessed immediate management of an
acute endodontic emergency with facial swelling or systemic signs, where drainage, antibiotics, and
urgent referral were considered the appropriate response. Each appropriate answer was assigned one
point, yielding a total decision-making score from 0 to 2. For descriptive reporting, decision-making
scores were retained as 0, 1, and 2 to preserve information on partial versus complete appropriateness.
For association testing with categorized knowledge levels, decision-making was also dichotomized into
inappropriate decision-making for a score of 0 and at least partially appropriate decision-making for a
score of 1 or 2.

Data were exported from Google Forms and analyzed using IBM SPSS Statistics version 26.0. Data were
screened for completeness and coding accuracy before analysis. Categorical variables were summarized
as frequencies and percentages, including gender, professional role, clinical experience, practice setting,
knowledge responses, attitude responses, practice behaviors, decision-making responses, perceived
barriers, and future expectations. Continuous variables, including participant age where available, were
summarized using mean values and measures of dispersion. Bar charts and frequency tables were used
to present descriptive findings.

The association between total knowledge score and total decision-making score was assessed using
Spearman’s rank correlation coefficient because both variables were ordinal or bounded score-based
measures. The relationship between categorized knowledge level and dichotomized decision-making
status was examined using the Chi-square test of independence. Fisher’s Exact Test was applied where
expected cell counts were below five. Statistical significance was set at p < 0.05. Because the study used a
cross-sectional survey design and non-probability sampling, all associations were interpreted as non-
causal and exploratory. Ethical approval was obtained from the Institutional Review Board of the PRIDE
Centre for Research and Learning Institute under reference number PRIDE/ERB/2025/046. Participant
anonymity and confidentiality were maintained throughout data collection, handling, and analysis.

RESULTS

A total of 340 dental practitioners from multiple regions of Pakistan were included in the analysis. The
mean age of participants was 25.56 years. Female participants represented 203 participants (59.7%), while
137 participants (40.3%) were male. Most respondents were general dentists (n = 196, 57.6%), followed
by house officers (n = 99, 29.1%), postgraduate trainees (n = 30, 8.8%), and consultants or professors (n
= 15, 4.4%). The majority of participants had five years or less of clinical experience, including 130
participants (38.2%) with less than one year of experience and 193 participants (56.8%) with one to five
years of experience.

Table 1. Demographic and Professional Characteristics of Participants

Variable Category n (%)
Gender Female 203 (59.7)
Male 137 (40.3)
Professional role General dentist 196 (57.6)
House officer 99 (29.1)
Postgraduate trainee 30 (8.8)
Consultant/professor 15 (44)
Clinical experience <1 year 130 (38.2)
1-5 years 193 (56.8)
6-10 years 7 (2.0)
>10 years 10 (2.9)
Practice setting Private clinic 138 (40.7)
Teaching hospital 135 (39.8)
Private hospital 25 (7.3)
Trust hospital 21 (6.1)

Not currently engaged in clinical practice 68 (20.1)
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The study population was predominantly composed of early-career practitioners, with 323 participants
(95.0%) reporting five years or less of clinical experience. General dentists and house officers together
accounted for 295 participants (86.7%), indicating that the findings mainly reflect knowledge and
practice patterns among early-career and general dental practitioners rather than specialist pediatric or
endodontic providers.

Table 2. Regional Distribution of Participants

Region n (%)
Punjab 178 (52.4)
Sindh 107 (31.5)
Islamabad Capital Territory 37(10.9)
Khyber Pakhtunkhwa 17 (5.0)
Balochistan 1(0.3)

More than half of the respondents were from Punjab (n = 178, 52.4%), followed by Sindh (n = 107, 31.5%)
and Islamabad Capital Territory (n = 37, 10.9%). Representation from Khyber Pakhtunkhwa and
Balochistan was limited, with 17 participants (5.0%) and 1 participant (0.3%), respectively.

Table 3. Primary Sources of Knowledge Regarding Pulpotomy and Pulpectomy Indications

Source of Knowledge n (%)
Undergraduate studies 303 (89.2)
Internship/house job clinical experience 121 (35.5)
Independent clinical practice 97 (28.5)
Clinical guidelines 37 (10.8)
Postgraduate education 27 (7.8)
CMEs/workshops 26 (7.6)

Undergraduate education was the dominant reported source of knowledge, identified by 303 participants
(89.2%). In contrast, only 37 participants (10.8%) reported clinical guidelines, 27 participants (7.8%)
reported postgraduate education, and 26 participants (7.6%) reported CMEs or workshops as sources of
knowledge, indicating limited reliance on continuing and guideline-based educational sources.

Table 4. Knowledge of Indications and Material Selection for Pediatric Pulp Therapy

Knowledge Item Response Option n (%)
Indication for pulpotomy Reversible pulpitis or vital pulp exposure without root 287 (84.4)
involvement
Irreversible pulpitis with periapical pathology 51 (15.0)
Extensive root resorption 2(0.6)
Indication for pulpectomy Non-vital/necrotic pulp with periapical involvement 310(91.2)
Superficial carious lesion 27 (7.9)
Occlusal wear only 3(0.9)
Material with strongest current evidence for pulpotomy MTA /bioceramics 206 (60.6)
success
Calcium hydroxide 75 (22.1)
Formocresol 59 (17.4)

Most participants correctly identified the indication for pulpotomy as reversible pulpitis or vital pulp
exposure without root involvement (n = 287, 84.4%) and the indication for pulpectomy as non-vital or
necrotic pulp with periapical involvement (n = 310, 91.2%). MTA/bioceramics were selected as the
material with strongest current evidence for pulpotomy success by 206 participants (60.6%), while 75
participants (22.1%) selected calcium hydroxide and 59 participants (17.4%) selected formocresol.

Table 5. Diagnostic Tools Routinely Used for Pulp Status Assessment

Diagnostic Tool n (%)

Periapical radiograph 225 (66.2)
Cold test 181 (53.2)
Clinical signs only 168 (49.4)
Electric pulp test 147 (43.2)

CBCT 8 (2.4)
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Periapical radiographs were the most frequently reported diagnostic tool, used by 225 participants
(66.2%). Cold testing was reported by 181 participants (53.2%), while 168 participants (49.4%) relied on
clinical signs only. CBCT was rarely used as a routine diagnostic tool, reported by 8 participants (2.4%).

Table 6. Awareness, Attitude, and Continuing Education Related to Pediatric Pulp Therapy

Variable Yesn (%) Non (%)
Aware of major complications if inappropriate pulp therapy is chosen 297 (87.4) 43(126)
Considers pulpotomy safer than pulpectomy in vital pulp exposures of primary teeth 297 (87.4) 43(12.6)
Attended CME/workshop on pediatric or emergency pulp therapy in last 3 years 65(19.1)  275(80.9)

Most participants reported awareness of major complications associated with inappropriate pulp therapy
(n =297, 87.4%) and considered pulpotomy safer than pulpectomy in vital pulp exposures of primary
teeth (n = 297, 87.4%). However, only 65 participants (19.1%) had attended a CME or workshop
specifically related to pediatric or emergency pulp therapy within the preceding three years.

Table 7. Frequency of Rubber Dam Isolation During Pulpotomy or Pulpectomy

Frequency n (%)
Always 25 (7.4)
Often 77 (22.6)
Sometimes 85 (25.0)
Rarely 96 (28.2)
Never 57 (16.8)

Routine rubber dam use was limited. Only 25 participants (7.4%) reported always using rubber dam
isolation, while 77 participants (22.6%) reported often using it. In contrast, 153 participants (45.0%)
reported rarely or never using rubber dam isolation during pulpotomy or pulpectomy procedures.

Table 8. Scenario-Based Clinical Decision-Making Responses

Clinical Scenario Response Option n (%)
Traumatic pulp exposure in tooth 21 with open apex, no Vital pulp therapy with partial pulpotomy using 149
systemic signs, and controlled bleeding bioceramic/MTA (43.8)
Apexification with calcium hydroxide 123
(36.2)
Direct pulp capping with calcium hydroxide 58(17.1)
Pulpectomy and obturation 9 (2.6)
Extraction 1(0.3)
Acute endodontic emergency with facial swelling or systemic  Drainage, antibiotics, and urgent referral 231
signs (67.9)
Immediate pulpotomy/pulpectomy in clinic 60 (17.6)
Prescribe antibiotics and schedule 45(13.2)
Immediate extraction 4(1.2)

For the traumatic pulp exposure scenario, 149 participants (43.8%) selected vital pulp therapy with
partial pulpotomy using bioceramic or MTA. For an acute endodontic emergency with facial swelling or
systemic signs, 231 participants (67.9%) selected drainage, antibiotics, and urgent referral. These
findings show stronger decision alignment for infection-related emergency management than for
traumatic pulp exposure with an open apex.

Table 9. Barriers Affecting Decision-Making in Pediatric Endodontic Emergencies

Barrier n (%)
Lack of knowledge related to current guidelines 199 (58.5)
Lack of adequate training 190 (55.9)
Difficulty in diagnosing the condition appropriately 169 (49.7)
Patient anxiety 165 (48.5)
Lack of armamentarium/material 138 (40.6)
Difficulty navigating canal anatomy 132 (38.8)
Limited time availability 75 (22.1)

The most frequently reported barrier was lack of knowledge related to current guidelines, reported by
199 participants (58.5%), followed by lack of adequate training among 190 participants (55.9%).
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Diagnostic difficulty and patient anxiety were also common, reported by 169 participants (49.7%) and
165 participants (48.5%), respectively.

Table 10. Expected Future Trends in the Management of Pediatric Endodontic Emergencies

Expected Trend n (%)
Improved outcomes due to better materialsftechniques 197 (57.9)
Greater use of advanced imaging and diagnostic tools 165 (48.5)
Increased reliance on conservative procedures such as partial pulpotomy and pulp capping 158 (46.5)
Increased reliance on regenerative procedures 156 (45.9)
Increased reliance on pulpotomy as a definitive treatment 86 (25.3)
Increased reliance on pulpectomy as a definitive treatment 73 (21.5)
No major changes expected 42 (12.4)

Participants most commonly expected future improvement in outcomes due to better materials and
techniques (n = 197, 57.9%). Nearly half anticipated greater use of advanced imaging and diagnostic
tools (n = 165, 48.5%), conservative procedures such as partial pulpotomy and pulp capping (n = 158,
46.5%), and regenerative procedures (n = 156, 45.9%).

Table 11. Correlation Between Total Knowledge Score and Total Decision-Making Score

Variables Spearman’s p p-value N
Total knowledge score and total decision-making score 0.268 <0.001 340
Spearman’s rank correlation analysis demonstrated a statistically significant positive association between

total knowledge score and total decision-making score (p = 0.268, p < 0.001). The direction of the
association indicates that higher knowledge scores were associated with better decision-making scores;
however, the magnitude of the correlation was weak.

Table 12. Association Between Knowledge Level and Decision-Making Category

Statistical Test Test Statistic df  p-value
Pearson Chi-square 13.087 2 0.001
Likelihood ratio 13.473 2 0.001
Fisher’s Exact Test 13.416 — 0001
Linear-by-linear association 10.345 1 0.001

The Chi-square test of independence showed a statistically significant association between categorized
knowledge level and decision-making category, x*(2) = 13.087, p = 0.001. Fisher’s Exact Test also
confirmed the association (p = 0.001), supporting the robustness of the finding despite one expected cell
count below five. The linear-by-linear association was also significant, indicating a positive trend across
increasing knowledge levels.

Reviewer-style note: The manuscript should include the actual cross-tabulation of knowledge level by
decision-making category in the final results. Without the cell counts for low, moderate, and high
knowledge groups across decision-making categories, the direction and practical magnitude of the Chi-
square association cannot be fully evaluated by readers.

Reviewer-style note: The manuscript describes figures for self-perceived confidence, referral timing, and
radiographic follow-up, but complete numeric distributions for these variables were not available in the
supplied text. These should be converted into publication-ready tables before final submission. Raw SPSS
outputs should not be retained as figures; they should be replaced with clean statistical tables such as
Tables 11 and 12 above.
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Integrated Education, Practice, Decision-Making, and Future Orientation in Pediatric Endodontic Emergencies
Aggregated responses from 68 dental practittioners across academic and private practice settings

m Knowledge-to-Practice Translation Gradient B Emergency Scenario Decision Alignment
100 " :
Guideline-aligned
Pulpectomy indication 91.2% - response o
s 321% Other responses
Awareness of complications 87.4%
- e _ 56.2%
g
Pulpotomy indication 84.4% 2 60
g
MTA/bioceramics selected S 40
€ 67.9%
CME/workshop attended L
2 43.8%
Always rubber dam
100 Traumatic pulp exposure Facial swelling /
Participants (%) (open apex) systemic signs
Barriers Shaping Pediatric Endodontic Decisions m Anticipated Direction of Emergency Pulp Therapy
Guideline knowledge Better materials/techniques . 57.9%
Adequate training Advanced diagnostics @ 5
Diagnoss difficulty Conservative procedures @ s+
Patient anxiety Regenerative procedures @
Armamentarium/material Pulpotomy definitive @ 3%
Canal anatomy Pulpectomy definitive @ 215%
Limited time No major change @ 124%
0 10 20 30 40 50 60 70
Participants reporting barrier (%) Participants expecting trend (%)

Note: Percentages may not sum to 100 due to rounding.

Figure 1 Integrated educational, practice, decision-making, and fiture-orientation patterns in pediatric endodontic emergencies
among dental practitioners in Pakistan. Panel A demonstrates a knowledge-to-practice translation gradient, showing high
awareness of pulpectomy indications (91.2%), complications of inappropriate pulp therapy (87.4%), and pulpotomy indications
(84.4%), but substantially lower CME/workshop attendance (19.1%) and routine rubber dam use (7.4%). Panel B shows stronger
guideline-aligned decision-making for facial swelling or systemic signs requiring drainage, antibiotics, and urgent referral (67.9%)
than for traumatic pulp exposure with an open apex requiring vital pulp therapy (43.8%). Panel C highlights the leading barriers
to decision-making, particularly limited knowledge of current guidelines (58.5%) and inadequate training (55.9%). Panel D
summarizes future expectations, with most participants anticipating improved outcomes through better materials and techniques
(57.9%), greater use of advanced diagnostics (48.5%), conservative procedures (46.5%), and regenerative approaches (45.9%).

DISCUSSION

The present study assessed knowledge, clinical decision-making, and self-reported practice patterns
regarding pulpotomy versus pulpectomy in pediatric endodontic emergencies among dental
practitioners in Pakistan. The findings indicate that most participants correctly identified the principal
indications for pulpotomy and pulpectomy, yet important gaps remained in the translation of knowledge
into evidence-aligned clinical practice. This pattern is reflected by the high proportion of respondents
who correctly identified pulpectomy for non-vital or necrotic pulp with periapical involvement and
pulpotomy for reversible pulpitis or vital pulp exposure without root involvement, while substantially
lower proportions reported CME/workshop attendance and routine rubber dam use. These findings
support the view that clinical knowledge alone is insufficient unless reinforced through continuing
education, procedural training, guideline familiarity, and consistent implementation of infection-control
and isolation protocols.

The positive association between total knowledge score and total decision-making score suggests that
participants with higher knowledge levels were more likely to select appropriate clinical decisions in
pediatric endodontic emergency scenarios. However, the correlation was weak, indicating that decision-
making in clinical dentistry is influenced by multiple interacting factors beyond factual knowledge
alone. This interpretation is consistent with evidence-based dentistry principles, which emphasize
integration of best available evidence, clinical expertise, and patient-related factors in clinical decision-
making (17, 18). It also aligns with previous evidence showing that endodontic education level can
influence treatment decisions, but that clinical choices are frequently shaped by diagnostic uncertainty,
prior experience, access to materials, financial constraints, patient expectations, and confidence in
performing procedures (19-24). In the present study, lack of guideline knowledge, inadequate training,
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diagnostic difficulty, and patient anxiety were among the most frequently reported barriers, supporting
the interpretation that knowledge improvement must be accompanied by practical decision-training and

system-level support.

The demographic structure of the sample is important when interpreting these findings. Most
respondents were general dentists or house officers, and the majority had five years or less of clinical
experience. This early-career distribution may explain why undergraduate education was the dominant
reported source of knowledge, whereas postgraduate education, clinical guidelines, and CME/workshop
participation were reported much less frequently. Reliance on undergraduate learning has also been
observed in other survey-based dental studies, where foundational education strongly influences clinical
decision-making after graduation (25). However, pediatric pulp therapy is an evolving area, particularly
with increasing use of bioactive materials and vital pulp therapy approaches. Therefore, limited
engagement with current guidelines and continuing dental education may contribute to delayed
adoption of updated evidence and inconsistent clinical practice (26-29).

Material selection findings provide further insight into the knowledge-practice interface. Most
participants selected MTA/bioceramics as the material with the strongest current evidence for
pulpotomy success, although a considerable proportion still selected calcium hydroxide or formocresol.
This indicates partial alignment with contemporary evidence but also persistence of older material
preferences. Previous Pakistani studies have reported variable material choices among dentists,
including calcium hydroxide, formocresol, and MTA, suggesting heterogeneity in clinical training and
practice exposure across settings (8, 29, 30). Current evidence increasingly supports MTA and calcium
silicate-based bioceramics because of their favorable biological properties, sealing ability, and
clinical/radiographic success in primary tooth pulpotomy, although material selection must still be
guided by case diagnosis, isolation, operator skill, and follow-up feasibility (31-34). Therefore, the present
findings suggest that although awareness of newer materials is growing, continuing education should
also emphasize case selection, procedural standards, and outcome monitoring.

The decision-making scenarios revealed clinically relevant differences in response patterns. Participants
were more likely to select guideline-aligned management for facial swelling or systemic signs than for
traumatic pulp exposure in an immature tooth with controlled bleeding. This suggests that recognition
of infection-related emergencies may be stronger than understanding of biologically conservative vital
pulp therapy in traumatic or immature tooth contexts. Similar gaps may arise when clinicians are
uncertain about pulp vitality, apex status, bleeding control, or the distinction between direct pulp
capping, partial pulpotomy, apexification, and pulpectomy. Accurate diagnosis and treatment selection
are essential in pediatric and young permanent teeth because inappropriate intervention may
compromise pulp vitality, root development, tooth survival, and succedaneous tooth health (35-47). This
finding supports the need for scenario-based training rather than didactic knowledge alone, especially
for emergency presentations requiring rapid but biologically precise decision-making,

Rubber dam isolation emerged as a major practice gap. Although rubber dam use is widely
recommended in endodontic and pediatric pulp therapy because it improves isolation, reduces
contamination, and enhances procedural safety, only a small proportion of respondents reported always
using it. Nearly half reported rarely or never using rubber dam isolation. This is concerning because
successful pulpotomy or pulpectomy depends not only on diagnosis and material selection but also on
asepsis, moisture control, and procedural quality. Pediatric dentistry guidelines and endodontic literature
consistently emphasize the importance of rubber dam isolation during pulp therapy (48, 49). Similar
underuse has been reported in other settings and may be related to inadequate training, perceived
difficulty, time constraints, cost, patient behavior, or limited availability of materials (50-53). The present
findings therefore identify rubber dam use as a practical and measurable target for clinical training

interventions.
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Referral and follow-up behaviors also require standardization. Although the manuscript reports referral
timing and radiographic follow-up patterns, complete numeric distributions were not available in the
supplied results text and should be reported in final tabular form. In pediatric endodontic emergencies,
timely referral is important when the case exceeds the clinician’s competence, when systemic signs are
present, when complex anatomy or immature permanent teeth require specialist input, or when
definitive care cannot be safely provided in the current setting, Similarly, radiographic and clinical
follow-up are essential for monitoring healing, identifying treatment failure, and preventing
complications. Existing literature shows that adherence to pediatric dental guidelines and referral
pathways may vary among general practitioners, and barriers to referral may include cost, perceived loss
of patient trust, access issues, and practice-related pressures (54-58). The present study supports the need
for clearer referral criteria and follow-up protocols in general dental practice.

This study has several strengths. It assessed knowledge, decision-making, and practice patterns within a
single survey, allowing a broader understanding of pediatric pulp therapy behavior than knowledge-only
studies. The sample size was relatively large for a practitioner survey and included participants from
several regions and professional roles. The study also incorporated scenario-based questions, which are
more clinically informative than isolated factual questions. However, limitations must be acknowledged.
The use of non-probability convenience sampling limits generalizability, and the sample was
concentrated in Punjab and Sindh, with limited representation from Khyber Pakhtunkhwa and
Balochistan. The sample was also dominated by early-career practitioners, which may underrepresent
specialist and consultant-level practice. Because responses were self-reported, social desirability bias and
recall bias may have influenced reported knowledge, attitudes, and clinical behaviors (59). In addition,
the questionnaire validation process and psychometric properties require fuller reporting, and the cross-
sectional design does not permit causal inference between knowledge and decision-making.

Future research should use representative regional sampling and include larger numbers of pediatric
dentists, endodontists, postgraduate trainees, and experienced consultants to better compare decision-
making across professional groups. Studies using validated questionnaires, clinical vignettes, and
objective assessment of practice behavior would strengthen evidence regarding knowledge translation
in pediatric endodontic emergencies. Interventional studies evaluating the impact of CME workshops,
simulation-based training, guideline dissemination, and rubber dam skill training may be particularly
useful. The current findings suggest that educational interventions should prioritize guideline-based
diagnosis, vital pulp therapy decision-making, rubber dam isolation, emergency referral criteria, and
radiographic follow-up standards.

CONCLUSION

This study found that dental practitioners in Pakistan demonstrated generally good awareness of the
basic indications for pulpotomy and pulpectomy in pediatric endodontic emergencies, but important
gaps persisted in evidence-aligned decision-making and routine clinical practice. Higher knowledge
scores were significantly associated with better decision-making scores, although the weak correlation
indicates that clinical decisions are also shaped by training, diagnostic confidence, guideline familiarity,
availability of armamentarium, patient-related factors, and practice setting. Limited CME exposure,
inconsistent rubber dam use, and reported barriers related to inadequate training and lack of guideline
knowledge highlight a clear need for structured continuing dental education, scenario-based emergency
training, and standardized pediatric pulp therapy protocols. Strengthening these areas may improve
consistency of treatment selection, promote conservative vital pulp therapy where appropriate, support
timely referral in complex or systemic presentations, and enhance clinical outcomes for pediatric

patients requiring emergency endodontic care.
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