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ABSTRACT

Objectives: This retrospective cohort study examined the incidence of interappointment 
emergencies during multiple-visit molar root canal treatments conducted by undergraduate 
students. Treatments performed without the use of intracanal medicament were compared to 
treatments that incorporated calcium hydroxide as an intracanal medicament.
Materials and Methods: Interappointment emergencies, defined as instances of pain or 
swelling that required the patient to make an unscheduled follow-up visit, were recorded for 
up to 2 months after the intervention. To avoid the influence of obturation on the observed 
incidence of emergency visits, only unscheduled visits occurring between the start and end of 
the root canal treatment were included.
Results: Of the 719 patients included in this study, 77 (10.7%) were recorded as experiencing 
interappointment emergencies. Of these emergencies, 62% occurred within 2 weeks 
following the most recent intervention. In the group of patients who did not receive 
intracanal medicament, the incidence of interappointment emergencies was 11.9% (46 of 385 
patients). In comparison, this rate was 9.3% (31 of 334 patients) among those who received 
calcium hydroxide as an intracanal medicament (odds ratio, 1.33; 95% confidence interval, 
0.82–2.15; p = 0.249).
Conclusions: Interappointment emergencies may arise at any point during root canal 
treatment, but they most commonly occur within the first 2 weeks following intervention. The 
omission of intracanal medicament in multiple-visit molar root canal treatments, performed 
by undergraduate students, did not significantly increase the incidence of these emergencies.
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INTRODUCTION

Root canal treatments are frequently conducted over multiple visits. Patients may return to 
the clinic between these scheduled appointments due to pain or swelling, a situation referred 
to as an interappointment emergency [1,2]. Such emergencies are not only unpleasant for 
both the patient and the dentist, but they also demand additional resources and expenses, 
while contributing to the carbon footprint [3].

During the initial visit for a root canal treatment, the root canals may not be thoroughly 
prepared and irrigated. This can leave behind tissue remnants or a persisting infection, 
potentially triggering an interappointment emergency [4]. While incomplete preparation 
alone is not necessarily related to a higher incidence of interappointment emergencies, it may 
be pertinent to consider the use of an intracanal medicament in such scenarios [5].

The utilization of calcium hydroxide as an intracanal medicament has become common 
practice in root canal treatment [6]. Calcium hydroxide is believed to play a key role in 
disinfecting the root canal system and inhibiting the regrowth of microorganisms [7,8]. 
The healing of apical periodontitis after a root canal treatment has been attributed in part 
to the use of calcium hydroxide [9]. However, the purported benefits of calcium hydroxide 
as an intracanal medicament in root canal treatments are still under scrutiny. The healing 
of apical periodontitis following a single-visit root canal treatment appears comparable to 
the healing observed after multiple-visit root canal treatments with calcium hydroxide as an 
intracanal medicament, as well as the healing after a 2-visit root canal treatment without the 
use of an intracanal medicament [10,11]. Microorganisms can regrow between visits, even 
when calcium hydroxide is used as an intracanal medicament [11]. For calcium hydroxide 
to effectively disinfect, it must come into direct contact with the microorganisms, which is 
not always feasible in all areas of the root canal system or within the dentinal tubules [12]. 
Moreover, most microorganisms inhabiting the root canal system exist in biofilms, which 
make them more resistant to alkaline stress and, consequently, less susceptible to the 
effects of calcium hydroxide [13]. Calcium hydroxide may even facilitate the proliferation 
of opportunistic microorganisms, leading to a shift in biofilm composition towards more 
resilient species [14]. It may also contribute to an increase in biofilm mass production [15].

Based on the available scientific evidence, calcium hydroxide cannot be definitively 
concluded to have a therapeutic effect in root canal treatment [16]. Moreover, it is extremely 
challenging, if not impossible, to completely remove calcium hydroxide from the root canal 
system [17]. The remnants of calcium hydroxide left in the root canal system can negatively 
impact the sealing ability of the root filling [18]. Additionally, exposure to calcium hydroxide 
has been found to not only decrease the flexural strength and fracture resistance of the 
dentin, but also cause irreversible changes such as paresthesia and necrosis in cases of 
extrusion into periradicular tissues [19-21].

The application of calcium hydroxide as an intracanal medicament is not risk-free, and 
undergraduate students may struggle with its placement into the root canals [22]. In 
undergraduate clinics, root canal treatments typically span multiple visits, with an average of 
4 [23]. The relevance of calcium hydroxide used as an intracanal medicament may be higher 
in these clinics compared to others. Patients in undergraduate clinics who experience an 
interappointment emergency are less likely to complete root canal treatment than patients 
who do not, and an incomplete treatment could potentially jeopardize their overall health 
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[23]. However, insufficient scientific evidence exists to determine whether calcium hydroxide 
used as an intracanal medicament can reduce the risk of interappointment emergencies. 
Within the first 2 days post-intervention, the use of calcium hydroxide does not decrease the 
incidence or intensity of pain [24]. That said, pain or swelling that requires an emergency 
visit may occur later.

The efficacy of calcium hydroxide as an intracanal medicament in reducing the risk of 
interappointment emergencies in undergraduate clinics has not yet been confirmed. 
Therefore, this retrospective cohort study was conducted to analyze the incidence of such 
emergencies during molar root canal treatments performed by undergraduate students 
across multiple visits. Molar root canal treatments were specifically chosen for this study due 
to the greater number of visits required to complete the treatment, as well as the increased 
incidence of interappointment emergencies associated with molars [1,23,25]. This study 
compared treatments performed without an intracanal medicament to those conducted with 
calcium hydroxide used as the intracanal medicament.

MATERIALS AND METHODS

The ethics committee of the Academic Centre for Dentistry Amsterdam independently reviewed 
and approved the research protocol of this study (nr. 2017013). As this was a retrospective 
cohort study, written informed consent was not required. The protection of participants' rights 
was ensured throughout the study. Additionally, this study adhered to the Strengthening the 
Reporting of Observational Studies in Epidemiology checklist for cohort studies.

Design
An interappointment emergency was defined as an instance of pain or swelling that 
occurs during the course of root canal treatment, necessitating an unscheduled visit to the 
institution by the patient. To avoid the influence of obturation on the observed incidence of 
emergency visits, only unscheduled visits that occurred between the beginning and end of 
the root canal treatment (interappointment emergency visits) were included in this study. 
The time between the interappointment emergency and the preceding intervention was 
documented. While the period between consecutive appointments can exceed 2 months, 
the occurrence of interappointment emergencies was evaluated only up to 2 months post-
intervention, as this was deemed most relevant for our undergraduate clinic.

The primary independent variable in this study was the application of intracanal medicament 
between visits. Multiple-visit treatments without intracanal medicament were compared to 
those with calcium hydroxide used as an intracanal medicament. Additionally, other variables 
potentially related to the incidence of interappointment emergencies were evaluated. Table 1 
shows the additional variables assessed. The patient's sex, which was based on the patient's 
identification, was retrieved from the patient chart in the dental record system. Medically 
compromised patients—that is, patients with primary immunodeficiency diseases or taking 
immunosuppressive medication—were identified based on recorded information from 
the medical anamneses and using the classification criteria of the International Union of 
Immunological Societies Expert Committee for Primary Immunodeficiency and the Dutch 
Pharmacotherapeutic Compass (National Health Care Institute, Diemen, The Netherlands), 
respectively [26]. At our dental school, 5 diagnoses are used to differentiate between various 
pulpal and/or periapical pathoses: reversible pulpitis, irreversible pulpitis, irreversible 
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pulpitis with apical periodontitis, symptomatic apical periodontitis, and asymptomatic apical 
periodontitis. Root canal treatment is not performed on teeth diagnosed with reversible 
pulpitis. Additionally, if a root canal treatment was not completed within a year of its 
initiation, it was categorized as “quitting treatment following initial treatment,” indicating 
incomplete root canal treatment.
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Table 1. Distribution of variables across the 2 patient cohorts receiving multiple-visit molar root canal treatment
Variables No. No intracanal medicament (n = 385) Calcium hydroxide (n = 334) p value
Sex 0.775

Male 392 208 (54.0) 184 (55.1)
Female 327 177 (46.0) 150 (44.9)

Pain (preoperative) 0.644
Present 565 300 (77.9) 265 (79.3)
Absent 154 85 (22.1) 69 (20.7)

Diagnosis (preoperative) 0.139
Irreversible pulpitis 282 149 (38.7) 133 (39.8)
Irreversible pulpitis with apical periodontitis 112 51 (13.2) 61 (18.3)
Symptomatic apical periodontitis 215 118 (30.6) 97 (29.0)
Asymptomatic apical periodontitis 110 67 (17.4) 43 (12.9)

Abscess (preoperative) 0.332
Present 55 26 (6.8) 29 (8.7)
Absent 664 359 (93.2) 305 (91.3)

Sinus tract (preoperative) 0.024*

Present 71 47 (12.2) 24 (7.2)
Absent 648 338 (87.8) 310 (92.8)

Location of treated molar 0.181
Upper jaw 321 163 (42.3) 158 (47.3)
Lower jaw 398 222 (57.7) 176 (52.7)

Diabetes 0.540
Yes 37 18 (4.7) 19 (5.7)
No 682 367 (95.3) 315 (94.3)

Medically compromised < 0.001*

Yes 24 4 (1.0) 20 (6.0)
No 695 381 (99.0) 314 (94.0)

Treatment follow-up 0.029*

Root canal treatment completed 613 316 (82.1) 297 (88.9)
Extraction following initial treatment 33 20 (5.2) 13 (3.9)
Quit treatment following initial treatment 73 49 (12.7) 24 (7.2)

Complications† 0.415
None 616 336 (87.3) 280 (83.8)
Calcifications 51 22 (5.7) 29 (8.7)
Fracture 18 11 (2.9) 7 (2.1)
Perforation 17 9 (2.3) 8 (2.4)
Separated instrument 17 7 (1.8) 10 (3.0)

Age (yr) 0.282
≤ 30 159 78 (20.3) 81 (24.3)
31–40 158 78 (20.3) 80 (24.0)
41–50 180 100 (26.0) 80 (24.0)
51–60 127 78 (20.3) 49 (14.7)
61–70 75 39 (10.1) 36 (10.8)
> 70 20 12 (3.1) 8 (2.4)

Antibiotics (preoperative) 0.510
Yes 25 15 (3.9) 10 (3.0)
No 694 370 (96.1) 324 (97.0)

Data are presented as number (%).
*Variables that were not evenly distributed across the 2 cohorts are indicated with an asterisk. Sub-variables that were not evenly distributed across cohorts are 
presented in italic typeface. The p values ≤ 0.05 were considered to indicate statistical significance.
†The number of complications observed in this study was low, and as a result, they were excluded from further analyses.



All data used in this study were extracted from the information recorded in the patients' charts.

Sample
Patients who underwent primary root canal treatment on a molar across 2 or more visits 
at our institution's undergraduate clinic were included. If a patient received root canal 
treatment on more than 1 molar, only the treatment of a single molar was included in this 
study. Random tables generated at https://www.random.org (RANDOM.ORG, Dublin, 
Ireland) were used to select the molar for inclusion. Any root canal treatments that had been 
initiated outside of the undergraduate clinic were excluded.

The patient cohort that received calcium hydroxide as an intracanal medicament during 
molar root canal treatment consisted of individuals treated between September 2010 and 
September 2011 (n = 334). The data collection period for this sample could not be extended 
without introducing a risk of bias. This was because the root canal preparation method was 
revised in September 2010, and the use of calcium hydroxide as an intracanal medicament 
during root canal treatment was discontinued from the protocol in September 2011. 
However, calcium hydroxide remained available in the undergraduate clinic for several more 
months. Therefore, the patient cohort that did not receive intracanal medicament during 
molar root canal treatment included those treated between September 2012 and September 
2014 (n = 385). A sample size calculation was performed using G*Power 3.1.9.7 for Windows 
(Heinrich Heine University, Düsseldorf, Germany). This calculation was based on the 
estimated incidence of interappointment emergencies according to the literature, which 
ranged from 1.5% to 5.5% with a tendency towards 1.5% [1,2,4,27]. Consequently, for the 
sample size calculation, the lower and upper limits of the reported range of interappointment 
emergencies were used for proportions 1 and 2, respectively. The sample size calculation 
indicated that each group required at least 290 patients (α type error = 0.05, power = 0.8).

The treatments included in this study were performed by dental students in their final years 
of undergraduate training. All procedures were performed under isolation with a rubber 
dam. Prior to initiation of the root canal treatment, any existing caries were excavated. When 
indicated for proper isolation or temporary restoration, the walls of the tooth were restored 
before proceeding with the root canal treatment. Throughout the preparation process, 
the root canal system was irrigated with 2% sodium hypochlorite using 10-cc luer lock-tip 
syringes (Terumo Medical Corporation, Somerset, NY, USA) and irrigation needles (NaviTip, 
Ultradent Products Inc., South Jordan, UT, USA) until 1–2 mm short of the working length. 
The root canals were prepared using rotary instruments (Mtwo, VDW, Munich, Germany) in 
a modified crown-down sequence: after enlarging the coronal part of the canal with a size 
20.06 rotary instrument, the entire Mtwo sequence from size 10.04 to size 40.04 was used to 
reach the full working length. The working length was consistently confirmed via periapical 
radiography before the rotary preparation was conducted to this length. Electronic length 
measurement devices were also available to determine the working length. Upon completion 
of the preparation, irrigation was finished using ultrasonic-activated irrigation. This involved 
three 20-second cycles, using an ultrasound needle (IrriSafe; ACTEON Group, Merignac, 
France) and 2% sodium hypochlorite.

In the patient cohort that received intracanal medicament, the canals were dried using 
paper points. Subsequently, a calcium hydroxide paste (UltraCal XS 30%–35%, Ultradent 
Products Inc.) was applied using a capillary tip (Ultradent Products Inc.) prior to creating the 
temporary restoration. Regardless of whether they were treated with intracanal medicament, 
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teeth were temporarily restored using a temporary filling material (Cavit W, 3M, St. Paul, MN, 
USA) and glass ionomer cement (Ketac, 3M) between visits. Care was taken to ensure that the 
tooth undergoing treatment was free from occlusal contacts.

Data acquisition
Data were obtained from the dental record system using spreadsheets with drop-down lists 
to prevent typographical errors. Two observers were responsible for retrieving the data. To 
ensure proper data collection, a third observer randomly checked the data. All observers 
signed confidentiality agreements, and the data were processed anonymously.

Statistical analyses
Data were analyzed using SPSS Statistics version 21.0 (IBM Corp., Armonk, NY, USA). 
Pearson chi-square and, when indicated, Fisher exact tests were performed to examine the 
distribution of variables across the 2 cohorts. These tests were also used to investigate the 
relationship between these variables and the occurrence of interappointment emergencies. 
For cross tables larger than 2 × 2, adjusted standardized residual values were utilized to 
determine which sub-variables deviated from the expected count. To investigate whether 
the omission of calcium hydroxide intracanal medicament during multiple-visit root canal 
treatment was associated with the incidence of interappointment emergencies, binary 
logistic regression analyses were conducted. Corrections were made for variables that were 
related to interappointment emergencies and could potentially influence their incidence. The 
significance level was set at 0.05.

RESULTS

Table 1 illustrates the distribution of variables, excluding the dependent variable, across the 
2 cohorts. The associations between these variables and the occurrence of interappointment 
emergencies are depicted in Table 2.

In this study, 77 of the 719 patients (10.7%) experienced interappointment emergencies. 
Most of these emergencies occurred within 2 weeks after the intervention (Table 3). The 
incidence of interappointment emergencies was 11.9% (46 of 385 patients) in the cohort 
of patients who received no intracanal medicament, compared to 9.3% (31 of 334 patients) 
in the group receiving calcium hydroxide intracanal medicament (odds ratio, 1.33; 95% 
confidence interval, 0.82–2.15; p = 0.249). After correction for the variables that were related 
to interappointment emergencies and may have influenced the findings, no association was 
found between the omission of calcium hydroxide intracanal medicament and the occurrence 
of interappointment emergencies (Table 4).

DISCUSSION

In the dental record system of our institution, all patient communications are recorded. This 
allowed for a reliable assessment of the incidence of interappointment emergencies in the 
retrospective study design employed for this research [28]. Given that the undergraduate 
dental students adhered to uniform protocols for all included root canal treatments, and 
considering the similar distribution of variables influencing the incidence of interappointment 
emergencies across both cohorts (Tables 1 and 2), the 2 cohorts were highly comparable.
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Table 2. Relationships between variables and the incidence of interappointment emergencies
Variables Interappointment emergencies

Incidence Present Absent p value
Sex 0.996

Male 10.7 42 (54.5) 350 (54.5)
Female 10.7 35 (45.5) 292 (45.5)

Pain (preoperative) 0.002*

Present 12.6 71 (92.2) 494 (76.9)
Absent 3.9 6 (7.8) 148 (23.1)

Diagnosis (preoperative) 0.006*

Irreversible pulpitis 9.6 27 (35.1) 255 (39.7)
Irreversible pulpitis with apical periodontitis 14.3 16 (20.8) 96 (15.0)
Symptomatic apical periodontitis 14.4 31 (40.3) 184 (28.7)
Asymptomatic apical periodontitis 2.7 3 (3.9) 107 (16.7)

Abscess (preoperative) < 0.001*

Present 43.6 24 (31.2) 31 (4.8)
Absent 8.0 53 (68.8) 611 (95.2)

Sinus tract (preoperative) 0.572
Present 12.7 9 (11.7) 62 (9.7)
Absent 10.5 68 (88.3) 580 (90.3)

Location of treated molar 0.564
Upper jaw 10.0 32 (41.6) 289 (45.0)
Lower jaw 11.3 45 (58.4) 353 (55.0)

Diabetes 0.582
Yes 13.5 5 (6.5) 32 (5.0)
No 10.6 72 (93.5) 610 (95.0)

Medically compromised 0.313
Yes 16.7 4 (5.2) 20 (3.1)
No 10.5 73 (94.8) 622 (96.9)

Treatment follow-up < 0.001*

Root canal treatment completed 9.1 56 (72.7) 557 (86.8)
Extraction following initial treatment 39.4 13 (16.9) 20 (3.1)
Quit treatment following initial treatment 11.0 8 (10.4) 65 (10.1)

Age (yr) 0.053
≤ 30 8.2 13 (16.9) 146 (22.7)
31–40 15.2 24 (31.2) 134 (20.9)
41–50 12.2 22 (28.6) 158 (24.6)
51–60 11.8 15 (19.5) 112 (17.4)
61–70 4.0 3 (3.9) 72 (11.2)
> 70 0.0 0 (0.0) 20 (3.1)

Antibiotics (preoperative) 0.003*

Yes 32.0 8 (10.4) 17 (2.6)
No 9.9 69 (89.6) 625 (97.4)

Data are presented as number (%).
*Variables related to interappointment emergencies are denoted with an asterisk. Sub-variables associated with 
these emergencies are italicized. The p values ≤ 0.05 were considered to indicate statistical significance.

Table 3. Time elapsed between the most recent intervention and the interappointment emergency
Period Interappointment emergencies

Cumulative percentage (%) Cumulative incidence (%)
1 day 14.9 1.6
2 days 23.0 2.5
4 days 31.1 3.3
1 week 43.2 4.6
2 weeks 62.2 6.7
1 month 78.4 8.4
2 months 100.0 10.7
The incidence of interappointment emergencies was assessed for up to 2 months after the intervention. The 
cumulative incidence refers to the number of interappointment emergencies that occurred up to the indicated 
point in time. The cumulative percentage represents the proportion of the total number of interappointment 
emergencies that happened up to the indicated point during the 2-month follow-up period.



The results of this study align with prior research involving root canal treatments performed 
by undergraduate students, general dental practitioners, postgraduate students, and 
endodontists. Those studies revealed that the incidence of interappointment emergencies 
is not related to the patient's sex, age, or potential for compromised healing due to medical 
conditions, or whether a maxillary or mandibular molar was involved; however, the incidence 
is associated with the preoperative diagnosis of the tooth and the presence of preoperative 
pain or abscess [1,2,5,25,29].

The relationship between the incidence of interappointment emergencies and the use of 
antibiotics, as shown in the present study, should be interpreted with caution. Our sample 
did not always include information on the reasons for antibiotic prescriptions. According 
to institutional protocols regarding endodontic pathology, antibiotics should be prescribed 
only in cases of spreading cellulitis. However, we cannot rule out other reasons for antibiotic 
prescriptions, as patients may receive them outside of the undergraduate clinic. Other 
than reasons unrelated to endodontic pathology, antibiotics could have been used due to a 
preoperative periapical abscess, severe pain, or swelling. All of these factors are intrinsically 
linked to the incidence of interappointment emergencies [5,29].

In undergraduate clinics, the likelihood of completing a root canal treatment is greater 
when no emergency visits are necessary between appointments [23]. This finding was 
also reflected in the current study (Table 2), suggesting that an emergency visit between 
appointments could potentially lead a patient to decline further treatment. However, the 
results of this study did not confirm such an explanation; the decision to discontinue 
root canal treatment—resulting in incomplete treatment for the endodontic pathology—
appeared unrelated to interappointment emergencies (Table 2). The findings did indicate, 
however, that an interappointment emergency could be a reason for a patient to opt 
for tooth extraction rather than completing the root canal treatment. The incidence of 
interappointment emergencies was 4 times higher in the group of patients who chose tooth 
extraction compared to those who completed root canal treatment (Table 2).

The percentage of patients who had the tooth extracted after initial treatment was similarly 
distributed across both cohorts (Table 1). This suggests that the decision to extract the tooth 
midway through root canal treatment is not influenced by the omission of an intracanal 
medicament. However, the completion rate of root canal treatments was higher in the 
cohort that received intracanal medicament (Table 1). Interestingly, the number of root canal 
treatments initiated during the 2010–2011 period (representing the cohort receiving intracanal 
medicament) was twice as high as the number of treatments initiated during the 2012–2013 or 
2013–2014 periods (representing the cohort that did not receive intracanal medicament). The 
reasons for both the decrease in the number of root canal treatments initiated and the increase 
in the number of incomplete treatments remain unclear. Potentially, changes in financial 
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Table 4. Association between the omission of calcium hydroxide as an intracanal medicament and the incidence of interappointment emergencies, as 
determined with binary logistic regression analysis
Incidence of interappointment emergencies Odds ratio 95% confidence interval Regression coefficient
No intracanal medicament compared to calcium hydroxide 1.33 0.82–2.15 0.28
Corrected for preoperative

Pain 1.35 0.83–2.19 0.30
Diagnosis 1.32 0.81–2.13 0.28
Abscess 1.48 0.89–2.47 0.40
Antibiotics 1.31 0.80–2.12 0.27



circumstances over time may have played a role. If so, it raises the question of whether this 
also influenced the number of interappointment emergencies. However, these additional visits 
were always free of charge for patients, and they were aware of this fact.

The incidence of interappointment emergencies observed in this study may appear high. 
However, this could be attributed to the extended follow-up interval. Up to 11 days post-
intervention, the incidence observed in this study fell within the previously reported range 
of 1.5% to 5.5% (Table 3). In most prior studies, the incidence was evaluated over only a few 
days following the intervention. A recent study, similar to the present research, reported an 
incidence of 2.3% over a 3-day interval [2]. This closely align with the incidence observed 
over the same time period in this study (2.9%).

The extended follow-up period utilized in the present research allowed us to observe that 
interappointment emergencies could occur not only in the immediate aftermath of an 
intervention, but also considerably later. An interappointment emergency is defined as a 
case of pain or swelling severe enough to disrupt a patient's normal routine, necessitating 
an unplanned visit to the dental clinic [5]. The term “flare-up” is used in most studies to 
describe similar emergency situations involving pain or swelling [1,2,5]. The American 
Association of Endodontists defines a flare-up as “an acute exacerbation of an asymptomatic 
pulpal and/or periradicular pathosis after the initiation or continuation of root canal 
treatment”, the onset of which typically occurs within a few days following intervention 
[5,30]. In the present study, we included both asymptomatic and symptomatic teeth 
and extended the follow-up period to 2 months. This is why we chose to use the term 
“interappointment emergency” instead of “flare-up”. Interappointment emergencies, as 
defined in this study, are clinically relevant given that the interval between appointments for 
root canal treatment at an undergraduate clinic can span weeks or even months. At our clinic, 
students provide general dental care 2 days a week. Root canal treatments are scheduled 
alongside other care services provided as part of their undergraduate training. Additionally, 
it is not uncommon for patients to reschedule appointments, which can result in root canal 
treatment appointments being spaced far apart. The observed lack of increased risk of 
interappointment emergencies when no intracanal medicament is used in multiple-visit 
root canal treatment provides valuable information. This finding seemingly contradicts the 
prevailing opinions of practitioners and educators.

CONCLUSIONS

Interappointment emergencies can arise at any point during root canal treatment, not only 
in the days immediately following the procedure, but also in the weeks thereafter. However, 
the majority of these emergencies tend to occur within the first 2 weeks post-procedure. 
Omitting the use of intracanal medicament in multiple-visit root canal treatment did not 
significantly increase the incidence of interappointment emergencies.

ACKNOWLEDGEMENTS

We extend our gratitude to Ms H. H. Alferink for extracting the patient records from the 
axiUm dental software, Ms L. N. Ali for collecting data for this study, and Prof. M. Væth for 
his considerable assistance regarding the statistics and visualization aspects of this research.

9/11

No medicament versus calcium hydroxide

https://doi.org/10.5395/rde.2023.48.e31https://rde.ac



REFERENCES

 1. Alves VO. Endodontic flare-ups: a prospective study. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
2010;110:e68-e72. 
PUBMED | CROSSREF

 2. Azim AA, Azim KA, Abbott PV. Prevalence of inter-appointment endodontic flare-ups and host-related 
factors. Clin Oral Investig 2017;21:889-894. 
PUBMED | CROSSREF

 3. Duane B, Harford S, Ramasubbu D, Stancliffe R, Pasdeki-Clewer E, Lomax R, Steinbach I. 
Environmentally sustainable dentistry: a brief introduction to sustainable concepts within the dental 
practice. Br Dent J 2019;226:292-295. 
PUBMED | CROSSREF

 4. Walton RE. Interappointment flare-ups: incidence, related factors, prevention, and management. Endod 
Topics 2002;3:67-76. 
CROSSREF

 5. Walton R, Fouad A. Endodontic interappointment flare-ups: a prospective study of incidence and related 
factors. J Endod 1992;18:172-177. 
PUBMED | CROSSREF

 6. Byström A, Claesson R, Sundqvist G. The antibacterial effect of camphorated paramonochlorophenol, 
camphorated phenol and calcium hydroxide in the treatment of infected root canals. Endod Dent 
Traumatol 1985;1:170-175. 
PUBMED | CROSSREF

 7. Vera J, Siqueira JF Jr, Ricucci D, Loghin S, Fernández N, Flores B, Cruz AG. One- versus two-visit endodontic 
treatment of teeth with apical periodontitis: a histobacteriologic study. J Endod 2012;38:1040-1052. 
PUBMED | CROSSREF

 8. Cvek M, Hollender L, Nord CE. Treatment of non-vital permanent incisors with calcium hydroxide. VI. A 
clinical, microbiological and radiological evaluation of treatment in one sitting of teeth with mature or 
immature root. Odontol Revy 1976;27:93-108.
PUBMED

 9. Trope M, Delano EO, Ørstavik D. Endodontic treatment of teeth with apical periodontitis: single vs. 
multivisit treatment. J Endod 1999;25:345-350. 
PUBMED | CROSSREF

 10. Sathorn C, Parashos P, Messer HH. Effectiveness of single- versus multiple-visit endodontic treatment of 
teeth with apical periodontitis: a systematic review and meta-analysis. Int Endod J 2005;38:347-355. 
PUBMED | CROSSREF

 11. Waltimo T, Trope M, Haapasalo M, Ørstavik D. Clinical efficacy of treatment procedures in endodontic 
infection control and one year follow-up of periapical healing. J Endod 2005;31:863-866. 
PUBMED | CROSSREF

 12. Siqueira JF Jr, Lopes HP. Mechanisms of antimicrobial activity of calcium hydroxide: a critical review. Int 
Endod J 1999;32:361-369. 
PUBMED | CROSSREF

 13. Chávez de Paz LE, Bergenholtz G, Dahlén G, Svensäter G. Response to alkaline stress by root canal 
bacteria in biofilms. Int Endod J 2007;40:344-355. 
PUBMED | CROSSREF

 14. van der Waal SV, Connert T, Crielaard W, de Soet JJ. In mixed biofilms Enterococcus faecalis benefits from a 
calcium hydroxide challenge and culturing. Int Endod J 2016;49:865-873. 
PUBMED | CROSSREF

 15. van der Waal SV, van der Sluis LW, Özok AR, Exterkate RA, van Marle J, Wesselink PR, de Soet JJ. The 
effects of hyperosmosis or high pH on a dual-species biofilm of Enterococcus faecalis and Pseudomonas 
aeruginosa: an in vitro study. Int Endod J 2011;44:1110-1117. 
PUBMED | CROSSREF

 16. Swedish Council on Health Technology Assessment. Methods of diagnosis and treatment in endodontics. 
Stockholm: Swedish Council on Health Technology Assessment (SBU); 2010. SBU Report No: 203.

 17. Pabel AK, Hülsmann M. Comparison of different techniques for removal of calcium hydroxide from 
straight root canals: an in vitro study. Odontology 2017;105:453-459. 
PUBMED | CROSSREF

 18. Böttcher DE, Hirai VH, Da Silva Neto UX, Grecca FS. Effect of calcium hydroxide dressing on the long-
term sealing ability of two different endodontic sealers: an in vitro study. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod 2010;110:386-389. 
PUBMED | CROSSREF

10/11

No medicament versus calcium hydroxide

https://doi.org/10.5395/rde.2023.48.e31https://rde.ac

http://www.ncbi.nlm.nih.gov/pubmed/20813556
https://doi.org/10.1016/j.tripleo.2010.05.014
http://www.ncbi.nlm.nih.gov/pubmed/27179654
https://doi.org/10.1007/s00784-016-1839-7
http://www.ncbi.nlm.nih.gov/pubmed/30796403
https://doi.org/10.1038/s41415-019-0010-7
https://doi.org/10.1034/j.1601-1546.2002.30107.x
http://www.ncbi.nlm.nih.gov/pubmed/1402571
https://doi.org/10.1016/S0099-2399(06)81413-5
http://www.ncbi.nlm.nih.gov/pubmed/3865763
https://doi.org/10.1111/j.1600-9657.1985.tb00652.x
http://www.ncbi.nlm.nih.gov/pubmed/22794203
https://doi.org/10.1016/j.joen.2012.04.010
http://www.ncbi.nlm.nih.gov/pubmed/1064826
http://www.ncbi.nlm.nih.gov/pubmed/10530259
https://doi.org/10.1016/S0099-2399(06)81169-6
http://www.ncbi.nlm.nih.gov/pubmed/15910469
https://doi.org/10.1111/j.1365-2591.2005.00955.x
http://www.ncbi.nlm.nih.gov/pubmed/16306819
https://doi.org/10.1097/01.don.0000164856.27920.85
http://www.ncbi.nlm.nih.gov/pubmed/10551109
https://doi.org/10.1046/j.1365-2591.1999.00275.x
http://www.ncbi.nlm.nih.gov/pubmed/17326786
https://doi.org/10.1111/j.1365-2591.2006.01226.x
http://www.ncbi.nlm.nih.gov/pubmed/26333716
https://doi.org/10.1111/iej.12542
http://www.ncbi.nlm.nih.gov/pubmed/21859433
https://doi.org/10.1111/j.1365-2591.2011.01929.x
http://www.ncbi.nlm.nih.gov/pubmed/28299554
https://doi.org/10.1007/s10266-017-0293-6
http://www.ncbi.nlm.nih.gov/pubmed/20727499
https://doi.org/10.1016/j.tripleo.2010.05.007


 19. Mohammadi Z, Dummer PM. Properties and applications of calcium hydroxide in endodontics and dental 
traumatology. Int Endod J 2011;44:697-730. 
PUBMED | CROSSREF

 20. Ahlgren FKEK, Johannessen AC, Hellem S. Displaced calcium hydroxide paste causing inferior alveolar 
nerve paraesthesia: report of a case. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2003;96:734-737. 
PUBMED | CROSSREF

 21. Sharma S, Hackett R, Webb R, Macpherson D, Wilson A. Severe tissue necrosis following intra-arterial 
injection of endodontic calcium hydroxide: a case series. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2008;105:666-669. 
PUBMED | CROSSREF

 22. Tavares LG, Lima SMF, Lima MG, Arruda MP, Menegazzi TC, Rezende TMB. Undergraduate dentistry 
students' perception of difficulties regarding endodontic treatment. Aust Endod J 2019;45:98-105. 
PUBMED | CROSSREF

 23. Krishnan U, Huang HJ, Moule A, Lalloo R. An assessment of endodontic treatment completion rate in 
a university-based student clinic and the factors associated with incomplete treatment. Aust Endod J 
2019;45:305-310. 
PUBMED | CROSSREF

 24. Walton RE, Holton IF Jr, Michelich R. Calcium hydroxide as an intracanal medication: effect on 
posttreatment pain. J Endod 2003;29:627-629. 
PUBMED | CROSSREF

 25. Genet JM, Hart AA, Wesselink PR, Thoden van Velzen SK. Preoperative and operative factors associated 
with pain after the first endodontic visit. Int Endod J 1987;20:53-64. 
PUBMED | CROSSREF

 26. Al-Herz W, Bousfiha A, Casanova JL, Chatila T, Conley ME, Cunningham-Rundles C, Etzioni A, Franco 
JL, Gaspar HB, Holland SM, Klein C, Nonoyama S, Ochs HD, Oksenhendler E, Picard C, Puck JM, Sullivan 
K, Tang ML. Primary immunodeficiency diseases: an update on the classification from the international 
union of immunological societies expert committee for primary immunodeficiency. Front Immunol 
2014;5:162. 
PUBMED | CROSSREF

 27. Iqbal M, Kurtz E, Kohli M. Incidence and factors related to flare-ups in a graduate endodontic 
programme. Int Endod J 2009;42:99-104. 
PUBMED | CROSSREF

 28. Checkoway H, Pearce N, Kriebel D. Selecting appropriate study designs to address specific research 
questions in occupational epidemiology. Occup Environ Med 2007;64:633-638. 
PUBMED | CROSSREF

 29. Torabinejad M, Kettering JD, McGraw JC, Cummings RR, Dwyer TG, Tobias TS. Factors associated with 
endodontic interappointment emergencies of teeth with necrotic pulps. J Endod 1988;14:261-266. 
PUBMED | CROSSREF

 30. American association of endodontists: AAE glossary of endodontic terms. Available from: https://www.aae.
org/specialty/clinical-resources/glossary-endodontic-terms/ (updated March 2020; cited December 9, 2021).

11/11

No medicament versus calcium hydroxide

https://doi.org/10.5395/rde.2023.48.e31https://rde.ac

http://www.ncbi.nlm.nih.gov/pubmed/21535021
https://doi.org/10.1111/j.1365-2591.2011.01886.x
http://www.ncbi.nlm.nih.gov/pubmed/14676765
https://doi.org/10.1016/j.tripleo.2003.08.018
http://www.ncbi.nlm.nih.gov/pubmed/18442746
https://doi.org/10.1016/j.tripleo.2007.11.026
http://www.ncbi.nlm.nih.gov/pubmed/30113741
https://doi.org/10.1111/aej.12290
http://www.ncbi.nlm.nih.gov/pubmed/30338604
https://doi.org/10.1111/aej.12317
http://www.ncbi.nlm.nih.gov/pubmed/14606782
https://doi.org/10.1097/00004770-200310000-00003
http://www.ncbi.nlm.nih.gov/pubmed/3471726
https://doi.org/10.1111/j.1365-2591.1987.tb00590.x
http://www.ncbi.nlm.nih.gov/pubmed/24795713
https://doi.org/10.3389/fimmu.2014.00162
http://www.ncbi.nlm.nih.gov/pubmed/19134037
https://doi.org/10.1111/j.1365-2591.2008.01461.x
http://www.ncbi.nlm.nih.gov/pubmed/17704203
https://doi.org/10.1136/oem.2006.029967
http://www.ncbi.nlm.nih.gov/pubmed/3251982
https://doi.org/10.1016/S0099-2399(88)80181-X

