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Objective: Syringe irrigation, commonly used for delivering sodium hypochlorite (NaOCl) during root canal
treatment, requires careful handling to prevent NaOCl extrusion into periapical tissues. This randomised con-
trolled in vitro study aimed to quantify syringe plunger forces exerted by dental undergraduates and to assess
the impact of an educational intervention on adherence to safe irrigant delivery parameters.

Methods: Fifty-two undergraduates performed syringe irrigation at three intervals: baseline (T1), af-
ter two weeks (T2), and after 12 weeks (T3). At T1, irrigation was conducted without prior educational
intervention, while at T2, it was preceded by an intervention. The educational intervention involved a
short video highlighting safe irrigation practices, including plunger force and time recommendations
for syringe irrigation. At T3, the undergraduates were randomly allocated to two groups: One received a
repeated intervention, while the other did not. Syringe irrigation was performed on a 3D-printed tooth
using two side-vented cannulas: one of 25 Gauge (G) and another of 30 G. A syringe equipped with a
force sensor recorded the plunger forces. Based on earlier research, plunger forces exceeding 10 Newtons
(N) for the 25 G cannula and 40 N for the 30 G cannula were deemed critical. The data were subjected to
descriptive statistical analyses.

Results: Overall, the mean of maximum values of plunger forces remained under 10 N for the 25 G and below
20 N for the 30 G cannulas, with only a few measurements exceeding 40 N. Instances of surpassing the critical
plunger force threshold were more common with the 25 G side-vented cannula than with the 30 G variant. At
T3, the group that received the repeated educational intervention exhibited lower average maximum plunger
forces for both cannulas than the group that did not receive the intervention.

Conclusion: Integrating plunger force measurements with targeted educational interventions presents an
effective approach for instructing undergraduates in the proper techniques of syringe irrigation. The findings
suggest that, generally, undergraduates do not apply excessive plunger forces that could risk apical irrigant
extrusion. Implementing repeated educational interventions decreased the plunger forces exerted by under-
graduates, underscoring its effectiveness in fostering safe endodontic irrigation.

Keywords: Dental education, endodontic education, NaOCl, root canal treatment, sodium hypochlorite acci-
dent, undergraduate education

+ Arepeated educational intervention lowers the plunger and forces undergraduates to ap-
ply it during syringe irrigation.
« Undergraduates rarely exert plunger forces that exceed critical levels.

« The magnitude of the applied plunger forces varies depending on the type of cannula
used.
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INTRODUCTION

To achieve a favourable outcome in endodontic treatment,
microbial load within the root canal system should be sub-
stantially reduced (1). Irrigation is key in disinfection and
chemo-mechanical preparation during root canal treatment
(2—4). Sodium hypochlorite (NaOCl) is the most widely used
and most effective irrigant (5-8). Its capacity to dissolve vital
and necrotic tissue and its efficiency in eliminating endodon-
tic pathogens underscores its importance in endodontic
therapy (7,9, 10).

However, NaOCI also exhibits cytotoxic effects when in
contact with healthy tissue (11). If NaOCl is extruded into
the periapical area, it can adversely affect these tissues due
to its oxidising properties (12). Such extrusions can lead
to specific signs and symptoms, commonly referred to as
NaOCl accidents (13, 14). Though these accidents are infre-
quent in clinical practice, they can have severe implications
for the patients involved (15). Reported symptoms of NaO-
Cl accidents in case studies include intense pain, bleeding
from the root canal, facial swelling, ecchymosis, oedema,
skin ulcers, a chlorine-like odour in the nose, throat irrita-
tion, anaesthesia, paraesthesia, and respiratory difficulties
(13, 14). These signs and symptoms usually subside within
a month. However, in cases where NaOCI accidents result in
nerve damage, paraesthesia or a permanent loss of sensory
function may persist (14). Therefore, irrigation with NaOCI
should be meticulously controlled to ensure it remains con-
fined to the root canal system and prevent any extrusion
beyond the apical constriction.

Though the precise apical pressure threshold required for api-
cal irrigant extrusion remains uncertain, the central venous
pressure (mean: 5.88 mmHg + standard deviation of 0.15
mmHg) is often cited as a critical benchmark (16-21). It is like-
ly that the critical value for extrusion of sodium hypochlorite
varies among individuals and may be influenced by several
factors, including sex and the presence of periapical pathol-
ogy (22, 23).

Syringe irrigation remains the predominant method for irri-
gant delivery in root canal therapy (6). The pressure gener-
ated during syringe irrigation is partially influenced by the
dental practitioner (22). Factors such as the force applied
to the syringe plunger, the depth of cannula insertion,
wedging of the cannula in the root canal and the type and
diameter of the cannula are determinants of the pressure
generated in the apical region, influencing the risk of apical
extrusion (18, 24-30).

A recent laboratory study comprehensively assessed apical
pressures during syringe irrigation, highlighting the signif-
icance of plunger force (20). Based on these findings, rec-
ommendations were formulated for safe irrigant delivery
using a 5 mL syringe combined with various cannula types
(20). When employing a 30 G cannula, plunger forces under
40 Newtons (N) are deemed safe (20). Conversely, with 25 G
cannulas, limiting the applied force to a maximum of 10 N
is advisable to avoid the risk of NaOCl extrusion (20). These
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guidelines are instrumental in enhancing the safety and effi-
cacy of syringe irrigation in endodontic treatment.

Given the crucial role of dental practitioners in ensuring safe
irrigant delivery, it is imperative to educate dental under-
graduates on avoiding NaOCl accidents by instructing them
on safe irrigant delivery parameters. However, currently,
there is a lack of evidence regarding dental education in sy-
ringe irrigation. Therefore, this randomised controlled in vitro
study, conducted in an established laboratory setup, aims to
collect data on the syringe plunger forces exerted by under-
graduates. Additionally, this study aims to assess the impact
of an educational intervention, specifically an instructional
video, on adherence to the parameters necessary for safe irri-
gant delivery in endodontic patient care.

MATERIALS AND METHODS

Ethical Approval and Informed Consent

An approval of University of Basel research protocols by the
Ethics Committee in accordance with international agree-
ments (Declaration of Helsinki) was not required as the study
did not involve patients or patients’ data. It was conducted
following the regulatory requirements of the Swiss Human Re-
search Act and Human Research Ordinance. Informed consent
was obtained from all participating undergraduate dental stu-
dents who joined the study voluntarily. They consented to us-
ing the data generated for research and educational purposes.
This study, conducted without mandatory attendance, was in-
tegrated into the undergraduates’reqgular endodontics course.
Participation and performance in this study did not impact the
students’assessment or grading in the course.

Study Design and Cohort

The study cohort comprised 24 third-year and 28 fourth-
year dental undergraduates. Before the study, the third-year
undergraduates had not received any preclinical training in
endodontics. The fourth-year undergraduates had under-
gone two months of preclinical endodontic training, which
included eight 4-hour supervised sessions and seven 2.5-
hour sessions without supervision dedicated to primary root
canal treatment.

The participants were tasked with performing endodontic ir-
rigation at three different time points: at baseline (T1), after a
two-week interval (T2), and following a 12-week period (T3).
The initial irrigation procedure at T1 was conducted without
any prior educational intervention. At T2, all participants re-
ceived an educational intervention before performing end-
odontic irrigation. To evaluate the impact of repeated educa-
tional intervention, the participants were randomly split into
two groups of almost equal size at T3, using an online tool
(randomizer.org). At T3, one group received the educational
intervention again before their irrigation experiments, while
the other group did not undergo a further intervention. This
study design is illustrated in Figure 1.

Syringe Irrigation without Educational Intervention (T1)
To assess the forces applied to the plunger of irrigation syring-
es, the undergraduates were tasked with performing syringe
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Figure 1. Study flow diagram

irrigation using 5 mL syringes (Omnifix Solo, B. Braun Medical
AG, Sempach, Switzerland) coupled with two different types
of cannulas, a 25 Gauge (G) side-vented cannula and a 30 G
side-vented cannula (Dental Needle Tips, KerrHawe SA, Biog-
gio, Switzerland). The only guidance provided to the under-
graduates regarding the cannula positioning at T mm short
of the working length, with no advice on appropriate plunger
force or recommended time for emptying the syringe. Addi-
tionally, no timekeeping devices, such as clocks or stopwatch-
es, were accessible to the students during irrigation.

A 3D-printed tooth, modelled from micro-computed tomog-
raphy imaging data of an immature tooth #21, was mounted
in the oral cavity of a dental training manikin (P-6, Frasaco,
Tettnang, Germany). This tooth, measuring 17 mm long, fea-
tured an ideal access cavity and an empty root canal. The un-
dergraduates performed syringe irrigation by positioning the
cannula 1 mm short of the working length, i.e., at 16 mm.They
performed the task twice for each cannula type. The supervi-
sor stopped the undergraduates after performing irrigation
for at least 10 s. Tap water served as the irrigant.

For these experiments, the syringe plunger was equipped
with a force sensor (KM25, Transmetra, Flurlingen, Switzer-
land). This sensor, capable of recording forces ranging from
0 N to 100 N, was connected to a measurement amplifier
(GM40, Lorenz Messtechnik, Alfdorf, Germany) via a data
cable. The amplifier relayed the signals of the force sensor
to an analogue-digital converter (12 bit, RedLab 1208FS
USB Mini-Messlabor, Meilhaus Electronic, Alling, Germany),
which then transmitted the digitized data to a personal
computer. The data were processed using laboratory soft-
ware (LabVIEW, International Instruments, Austin, TX, USA)
equipped with a customized program. The force range for
each experiment was recorded. The screen displaying these
measurements remained concealed from the participants
throughout the experimental procedures.

Syringe Irrigation with Prior Educational Intervention (T2)
The participants were shown an educational video two weeks
afterthe initial measurements. The video is accessible in an open
repository (31). This video emphasized the fundamentals of safe
irrigation practices, incorporating evidence-based guidelines
on appropriate plunger forces and the required time for safe ir-
rigant delivery. The undergraduates watched this instructional
video, which lasted 4 min and 54 s, back-to-back. The specific
content of the educational video is detailed in Tables 1 and 2.

Immediately after watching the video, the undergraduates re-
peated the same irrigation experiments as in the first round.
The experimental setup remained the same, except that the
participants now had access to a clock and a stopwatch at their
workstation, enabling them to monitor the time spent on each
irrigation procedure. This addition aimed to assist the under-
graduates in adhering more closely to the recommended irriga-
tion parameters, per the instructions in the educational video.

Syringe Irrigation with and without Prior Repetition of the
Educational Intervention (T3)

Twelve weeks after the initial round of measurements, the
participants were randomly divided into two groups. One-
half of the undergraduates were again shown the instruc-
tional video before conducting the irrigation experiments.
The remaining half performed the irrigation experiments
without re-watching the video.

The experimental setup for the syringe irrigation tasks re-
mained consistent with the previous rounds. All undergradu-
ates had access to a clock and stopwatch at their workstations,
allowing them to time their irrigation procedures. The investi-
gator responsible for recording the measurements was blind-
ed to the group allocations to avoid observer bias.

Statistical Analysis
Descriptive statistical analyses were conducted using the
higher of the two plunger force measurements obtained in
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TABLE 1. Educational video content on safe syringe irrigation: General guidelines and safety practices (18, 22, 25, 34)

- Isolate the working field properly with a rubber dam

+ Label irrigation solution on the syringe

- Select a cannula of appropriate design, length, and gauge

» Ensure the cannula is fixed adequately on the syringe

» Regularly inspect the cannula for signs of damage

+ Never move the cannula beyond 1 mm short of working length
- Prevent wedging of cannula in root canal

» Ensure adequate coronal outflow through the root canal

» Position the evacuator tip close to the access cavity to remove any irrigant excess

»  Keep plunger pressure low and deliver irrigant slowly

» Maintain communication with the patient throughout the procedure

- If any sign or symptom of irrigant extrusion appears, stop the procedure at once and follow the guidelines for extrusion accident management

each trial. The mean of the maximum values, the 95% con-
fidence intervals and the percentage exceeding the critical
plunger forces were subjected to the analysis. Critical forces
were defined as exceeding 10 Newtons (N) for 25 G side-vent-
ed cannulas and 40 N for 30 G side-vented cannulas, with
forces beyond these limits potentially leading to NaOCI ex-
trusion. An unblinded investigator performed all statistical
analyses using SPSS (version 28.0, IBM, Armonk, NY, USA).The
data collected and processed during this study are accessible
in an open repository (31).

RESULTS

Overall, most of the maximum plunger forces were below 20
N at each time point (T1-T3) across both groups, whether they
had an additional educational intervention or not (Figs. 2, 3).
A few instances of forces exceeding 40 N were recorded (Figs.
2, 3). In terms of year-specific differences, fourth-year under-
graduates showed similar plunger forces over time (T1-T3),
whereas third-year undergraduates exhibited more variability
in their applied forces from T1 to T3 (Fig. 2).

The applied plunger force was found to be dependent on the
type of cannula used. The 25 G side-vented cannula showed
lower applied force compared with the 30 G side-vented can-
nula (Fig. 3).

Overall, the 25 G side-vented cannula led more frequently to
an exceedance of the critical plunger force compared with
the 30 G side-vented cannula (Table 3). The mean of the max-
imum plunger force was lower in the group with the inter-
vention compared with the group with no intervention at T3
for both cannulas (Table 3). The critical plunger pressure us-
ing the 30 G side-vented cannula was only exceeded in two
measurements (both third-year undergraduates, T3 without
intervention) (Table 3).

Using the 25 G side-vented cannula, the fourth-year under-
graduates produced more critical pressures than the third-
year undergraduates. At T2, almost a quarter of all undergrad-
uates produced plunger forces exceeding the critical value. At
T1 and T3, the measured forces exceeded the critical value in
fewer cases than in T2.

DISCUSSION
This randomised controlled study aimed to quantitatively as-
sess the syringe plunger forces applied in conventional root

TABLE 2. Educational video content on safe syringe irrigation:
Recommended parameters for conventional irrigation with a 5 mL
syringe (20)

Recommended parameters for
irrigation with a 5 mL syringe (20)

Cannula Type Plunger Irrigant delivery
gauge force (N) duration (s)
25G Side-vented 10 =21

25G Open-vented 10-20 >18

30G Side-vented 10-40 =38

30G Open-vented 10-40 >30

N: Newton, G: Gauge

canal irrigation and to examine the impact of an educational
intervention on these forces among dental undergraduates.
The findings demonstrate that irrespective of education-
al intervention, dental undergraduates rarely exert syringe
plunger forces exceeding 40 N. Notably, an educational in-
tervention conducted two weeks following the initial mea-
surements led to increased plunger forces, in contrast to the
baseline forces observed without intervention. A subsequent
educational intervention with one group after 12 weeks re-
duced syringe plunger forces compared to the group that
did not receive a second intervention. This indicates a nu-
anced effect of educational interventions on the application
of plunger force in syringe irrigation, suggesting the poten-
tial for adjustments in educational approaches to optimise
clinical techniques among undergraduates.

The educational intervention in this study was designed to in-
struct undergraduates on safety measures in syringe irrigation
and to raise awareness about the potential consequences of
imprudent irrigant application. A key focus was the prevention
of NaOCl accidents, which are not only a significant inconve-
nience for the practitioner but, more importantly, can have se-
vere implications for the patient (14). This study primarily ex-
amined the application of plunger forces in syringe irrigation,
as research has consistently demonstrated a correlation be-
tween applied plunger pressure and resulting periapical pres-
sure (24). Elevated plunger forces generate higher periapical
pressures, increasing the likelihood of a NaOCl accident (18).

However, the literature lacks consensus regarding the spe-
cific pressure level at which irrigants may exceed the peri-
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Figure 3. Distribution of the maximum values of the plunger forces for both cannulas across different time
points (T1-T3) and groups (additional intervention: yes/no)

apical region, potentially leading to an accident. A frequent-
ly cited critical value is the central venous pressure (mean:
5.88 mmHg = 0.15 mmHg) (19). The hypothesis underpin-
ning this threshold suggests that exceeding the central ve-
nous pressure during root canal irrigation can cause NaOCI
to infiltrate the facial venous system, potentially resulting
in characteristic, distinct haemorrhages along the venous
blood vessels (21). Various other critical values have been
proposed in dental literature (16, 32), but the definitive criti-
cal threshold remains undetermined.

A recent in vitro study evaluated which plunger forces result
in critical apical pressures in immature teeth with an open
apex (20). This study utilised the same cannulas as those

employed in the present investigation. According to its find-
ings, when using a 25 G side-vented cannula, it is advised
that plunger forces should not exceed 10 N (20). For the
side-vented 30 G cannula, plunger forces of up to 40 N can
be safely applied to teeth without surpassing the central ve-
nous pressure threshold (20).

The force values documented in the present investigation
showed higher values in the 30 G cannula compared with
the 25 G cannula. Furthermore, the mean of the maximum
values for each cannula type did not surpass the recom-
mended plunger forces delineated in a laboratory study
(20). However, it is critical to acknowledge that, despite
the overall adherence to these recommended force limits,
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TABLE 3. Descriptive analysis of plunger forces per study year, time point and group (repeated intervention)

Cannula type

30 G side-vented cannula

25 G side-vented cannula

Group RI n Mean (N) 95% CI (N) n>40 N (%) Mean (N) 95% CI (N) n>10 N (%)
3rd N/A 72 12.0 10.3-13.7 2(2.8%) 6.6 5.7-7.6 11 (15.3%)
4th N/A 84 153 13.9-16.7 0 (0%) 79 7.2-85 16 (19.1%)
T N/A 52 1.9 10.3-13.6 0 (0%) 6.5 56-74 7(13.5%)
T2 N/A 52 14.8 13.1-16.4 0 (0%) 8.1 7.0-9.2 12(23.1%)
T3 Yes 25 124 9.7-15.0 0 (0%) 71 5.9-83 4 (16.0%)
No 27 16.6 12.8-20.4 2(7.4%) 7.5 5.9-9.1 4 (14.8%)

Data are presented as the mean of the maximum plunger forces, the corresponding 95% Cl, and the number of undergraduates producing forces above the critical
threshold of 10 N for the side-vented 25 G cannula and 40 N for the side-vented 30 G cannula. Cl: Confidence interval, N: Newton, G: Gauge, RIl: Repeated intervention,

n: Number, T: Time point, N/A: Not applicable

there were instances where some undergraduates applied
forces exceeding 40 N. These outliers highlight the variabil-
ity in force application among individuals and underscore
the importance of comprehensive training and education in
ensuring the safe and effective use of syringe irrigation in
endodontic treatments.

A key observation from this study was the overall increase
in plunger forces from T1, the baseline measurements taken
without any intervention, to T2, following the educational
intervention. This uptick was particularly noticeable among
the third-year undergraduates. One possible explanation for
this phenomenon could be the inherent caution typically ex-
ercised by students when performing a practical exercise for
the first time. As they gain familiarity and confidence with the
procedure, their application of force may naturally increase, as
observed in this study. Therefore, a single educational inter-
vention may not influence the maximum force application as
intended. The observed reduction in median plunger forces
from T2 to T3, following a subsequent intervention, empha-
sised the critical role of repeated interventions.

In contrast, when analysing the data from fourth-year un-
dergraduates, a more consistent pattern was evident in
comparing results from T1 to T3. The fourth-year students
consistently applied similar plunger forces across these
time points. This consistency is likely attributable to their
prior experience with syringe irrigation, which suggests
they had already developed a certain level of familiarity and
proficiency with the technique.

The differences observed between the third and fourth-year
undergraduates underscore the importance of early and
effective education in dental practices, particularly in tech-
niques like syringe irrigation. Introducing such practices at
an earlier stage in dental education could ensure that stu-
dents develop appropriate and safe habits from the outset.
This approach could prevent the formation of less effective
or potentially hazardous practices that might become in-
grained over time. Therefore, the study advocates for early
educational interventions to guide students toward estab-
lishing safe and efficient syringe irrigation techniques from
the beginning of their training.

The study was carried out utilising a well-established labo-
ratory setup specifically designed for the precise collection
of data on syringe plunger forces (19, 20). Consistent with
previous research, irrigation was conducted in a 3D-printed
central maxillary incisor with an open apex. The selection
of an immature tooth for this study was strategic, given the
paramount importance of NaOCl irrigation and the necessi-
ty of minimizing mechanical preparation to preserve the in-
tegrity of thin dentin walls during root canal treatment (33).
Additionally, an open apex is a critical factor that increases
the likelihood of NaOCl accidents (23). Therefore, the educa-
tional video contained guidelines for irrigation in teeth with
open apices to teach the undergraduates the safest param-
eters for root canal irrigation. Unlike previous research (20),
the present study exclusively used side-vented cannulas.
The decision to forego open-ended cannulas was informed
by research indicating that they generate higher pressures
compared with side-vented cannulas (26). This evidence sup-
ports the recommendation to exclude open-ended cannulas
from undergraduate endodontic training programs to miti-
gate the risk of NaOCl extrusion.

The educational video offered undergraduates compre-
hensive, evidence-based, safe root canal irrigation guide-
lines. In addition to specifying parameters for irrigant deliv-
ery, the video also addressed other critical safety practices.
These included adhering to the predetermined working
length and avoiding the wedging of the cannula in the ca-
nal, both of which are crucial for preventing the undesirable
extrusion of the irrigant (25, 29). These practices represent
practitioner-dependent factors that have been identified in
various studies as significant in mitigating the risk of irri-
gant extrusion (22). Furthermore, the content of the edu-
cational video extended beyond these technical aspects to
include precautions against other potential mishaps that
could occur during endodontic irrigation. These included
scenarios such as the patient’s inadvertent swallowing of
the irrigant and the accidental spillage of the irrigant on
clothing (13). By covering a comprehensive range of sce-
narios and safety practices, the educational video aimed to
equip undergraduates with a broad understanding of the
various facets of safe syringe irrigation.
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A limitation of this study was the small number of repeti-
tions each undergraduate performed with each cannula
type. This constraint in the number of repetitions was a de-
liberate decision to ensure that the study did not overly bur-
den the undergraduates or detract significantly from their
regular curriculum.

CONCLUSION

The novel approach for teaching undergraduates about safe
parameters for syringe irrigation proves to be well-suited for
endodontic education. The occurrence of high plunger pres-
sures, which might result in the extrusion of the irrigant, was
notably rare among undergraduates. Moreover, the study
revealed that a repeated educational intervention focusing
on safe root canal irrigation practices reduces the plunger
forces applied by undergraduates. This finding is particular-
ly significant, considering that the application of excessive
plunger pressures can result in the unwanted extrusion of
the irrigant into the periapical region. Thus, incorporat-
ing training on safety measures in syringe irrigation within
the endodontic curriculum for dental students appears to
be highly advantageous. By doing so, students are better
equipped to apply these critical practices in a clinical set-
ting, enhancing the overall safety and effectiveness of the
endodontic treatments they administer.
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