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Qract:

mctives: This study compared, retrospectively, the incidence of clinical errors and effects

eatment outcomes, when students were exposed to two different instrumentation

iques: a hybrid rotary technique (HYB), consisting of both hand instrumentation with
stainless steel and NiTi files plus the use of a rotary system (Vortex Blue, Dentsply
Ea, USA), versus a full reciprocation instrumentation technique (WaveOne Gold, Dentsply
i@Aa, USA - WOG). Methods: A total of 368 endodontic cases (n=184) in anterior and
molar teeth, completed by dental students at the University of Michigan School of Dentistry
2013-2022 were used for the study. The groups were evaluated by two calibrated

icians, observing the incidence of clinical errors: file separations, over-instrumentation,

edges, transportations. Treatment outcomes were also observed. Data were analyzed
statistically by Fisher’s exact test and Mann Whitney U test (p<0.05). Results: No significant
difference in file separations, ledges and transportation was observed between the two
%s. However, the WOG Group experienced significantly more over-instrumentation than
@Group, although this did not significantly affect tooth survival or Periapical Index (PAl).

s with PAIl scores of 5 were found to have significantly less tooth survival compared to
ﬂher PAI scores. Conclusions: It can be concluded that both techniques in our study are
uited to advancing the endodontic dental education of students and novice operators,

Hpating relatively successful outcomes of tooth survival, as long as the cases selected are

jevere in progression preoperatively.

<K~ords: Endodontics; Predoctoral Education; NiTi
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Introduction
The use of Ni-Ti rotary instruments by inexperienced operators has brought new
w ts on the safety of these regarding the incidence of operative errors. The development
- “ciprocation systems has shown a greater ability, as these instruments work by a 150
degrees counterclockwise motion where it engages, cuts dentin, and advances in the canal
and a 30 degrees clockwise where it disengages, for safe progression through the canal and
to re@luce the risk of fractures by the “screw-in” tendency.'? In addition to the motion, WaveOne
, incorporates the benefits of heat treatment ('Gold') that has been reported to provide
wwced flexibility, resistance to cyclic fatigue, cutting sharpness, and efficiency.?* This
' ment has a unique design with an offset parallelogram shape. This design allows for only
onejor two points of contact between the cutting edges and the canal wall, resulting in better

efficiency and increased resistance to fractures.>®

C This increased efficiency and resistance to fractures can be considered one of the
mreasons for adoption of reciprocation instruments for early learners. The literature shows

t eciprocal motion instrumentation reduces procedural errors, including the incidence of
<I3dging7, file fracture®'", and alteration of the original canal anatomy.'?>'? It also has a lower
incidence of procedural errors than manual instrumentation or NiTi rotary instrumentation.'#-

18 These advantages were also observed by a limited number of studies, which also focused

on the use of these instruments by novice practitioners, as the advantages in reducing

preparation errors in contrast to manual instrumentation were emphasized.'® For

perienced operators, torsional stresses with conventional rotary NiTi files can be a

enge'®, and reciprocal motion is able to reduce these stresses.'” Several studies'®2° have
own that the use of reciprocating motion can also extend the life span of a NiTi instrument
gt'hus may increase clinical safety compared with continuous rotation. Rotary instrument
ation occurs mainly through two mechanisms: torsional failure and cyclic fatigue.?'-??
+Torsiona| overload corresponds to a static failure and happens when a section of the file is
¥locked within the canal, and the shank continues to rotate. Cyclic fatigue occurs when a file
-rotat.es inside a curved root canal and experiences alternating compressive and tensile

|
stresses and strains. This can cause sudden file fractures after a certain number of
]

rotations.?-2° Thus, the number of cycles until failure is cumulative and can be obtained
through the multiplication of the rotational speed by the time elapse until fracture through cyclic
fatigue occurs.?. Interestingly, some studies'"?*® have found that the operator experience did
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not significantly influence the occurrence of defects with reciprocation instruments, in order

ey became an excellent option for dental students.

!

P

Although some studies looked into clinical errors with reciprocation versus rotary, not

has been observed regarding the outcomes of these treatments in the long-term.

E

Understanding and researching on instrument/technique performance is important for future
elopments of endodontic treatment protocols for dental students. Thus, this article aims to
evalllate retrospectively if there is any difference in procedural errors and outcomes in cases
e by dental students when using two different techniques: a hybrid rotary technique (HYB),

ngisting of both hand instrumentation with stainless steel files and use of a rotary system

>

X Blue), versus a full reciprocation instrumentation technique (WaveOne Gold - WOG).

Treatment outcomes were also observed, as well as what factors influence the success rates

G

of these treatments done by dental students. The null hypotheses are that the variation of

techniques does not change the incidence of procedural errors, and that the different

f

echniques would not affect the clinical outcomes.

i

odolo

selection

I\

This study was exempted from IRB review, per submission and processing (protocol #

HUMO00212068). Data was collected from the dental school’'s computerized records (between

]

and 2022). The following inclusion criteria were established: patients, who received root
@ treatment at the dental school (initial treatment) by predoctoral students and had

lete medical and dental records. The exclusion criteria were: teeth were excluded if

i@graphic interpretation was not possible during any of the following steps: initial diagnosis,
ing length determination, master apical file verification, gutta-percha point fit or final

mation. No patient or student information was retrieved from the system, and no
t/student identifiers were used for the study. Pulpal diagnoses were divided into vital

andhon-vital cases. To carry out the power analysis, we assumed an error rate of 25% in the
WQ& group’, and 13.1% in the HYB group. We obtained a sample size of 184 cases in each
oup (a total of 368, group size ratio of 1) to have 80% power based on Fisher’s exact test,

ing two-sided tests and a significance level of 0.05.
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Clinical protocol

All cases and procedures used for this study were supervised and signed off by
dontics faculty. The cases were collected in two separate time spans: 2013-2018, when
- “echnlque used was hybrid (HYB); 2018-2022, when the adopted technique was the

s WaveOne Gold (WOG).

Before instrumentation, all cases had the endodontic access completed and canal
uncy achieved with #10 K-file to the estimated working length (WL). The WL was

teemined with apex locator and confirmed with a digital radiograph. Glide path achieved

9

sihg K-files #10, 15, and 20. Vortex 25/.08 rotary orifice opener was used to instrument the
cordpal third of the canal. After these common procedures, cases were treated with one of the
ing techniques (HYB or WOG). 4.125% sodium hypochlorite (NaOCIl) was used as

irrigation throughout the treatments.

FIE

d Instrumentation Group (HYB)

d

Crown-down instrumentation was done with Vortex (.04 taper) rotary files #45, 40 and
up to the middle third of the canal. Instrumentation up to WL was done using Profile NiTi
hand files, starting with the file that binds at WL and up extra 2 sizes (e.g. 25, 30, 35 or

Master Apical File (MAF) radiograph was taken with the last file used to instrument the

eOne Gold Instrumentation Group (WOG)

Qfl:

Instrumentation up to WL was done using the WOG reciprocation system. This was

done up to the appropriate size according to the size of the canal (e.g. 25, 35 or 45). The canal

n

as determined in the following way: if the 25/.07 file does not bind at length with no

Hnal debris in the apical flutes, continue shaping with Medium file (035/.06) and/or Large

3!5/.05) until the apical flutes are loaded, per manufacturer's recommendations. MAF
graph was taken with the last file used to instrument the canal.

After the instrumentation accordingly to the above described protocols, all canals
r ed the same final irrigation protocol with 6.0 mL of 4.125% NaOCI, then 3.0 mL of 17%
EDTA and 6.0 mL of 4.125% NaOCI. Canals were dried with paper points and a gutta-percha

cone fit radiograph was taken. The obturation was done with gutta-percha and AH Plus sealer
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using cold lateral condensation technique. Following treatment, patients were scheduled for

reatment evaluation (PTE), where signs, symptoms, or postoperative complications

{

recorded, with the type of restoration placed and radiographic interpretation.

$

collection

[E

For the present study, the clinical outcomes were obtained by interpreting the

treafinent and follow-up radiographs. Results were classified as follows: 2728
1. Healed/healing (Favorable outcome):

a) Healed (complete healing): absence of a periapical lesion with no pain,

swelling, or discomfort.

b) Healing (incomplete healing): reduction in the periapical lesion size but not

completely resolved with no pain, swelling, or discomfort.
Not healing (Unfavorable outcome):

a) No change in the size of the periapical lesion/increase in the size of the

periapical lesion/development of a new periapical lesion.
b) Development of clinical signs or symptoms (pain, swelling or discomfort).

Besides the clinical outcomes, multiple host, treatment, and procedural errors

bles were recorded from the patients’ records after a retrospective chart review.

or Manusg

ost factors

R

N

Patient age (at the time of treatment)
2. Tooth type (anterior/ premolar)
3. Arch (maxillary/mandibular)

Pulp condition (vital/necrotic)

Aut

Periapical lesion: (present/absent)

6. Periapical lesion based on the periapical index (PAI)?®
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o PAI 1: Normal Periapical structures
e PAI 2: Small changes in bone structure
PAI 3: Changes in bone structure with some mineral bone loss

e PAI 4: Periodontitis with well-defined radiolucent area

ript

o PAI 5: Severe periodontitis, exacerbating features

i

ment factors

—_—

MAF following instrumentation of each root canal system.

N

Density of the obturation.

a) Good: homogeneous radiopaque material with no visible space between the
material and the walls of the canal and with no more than 2 small voids (<1 mm)

along the entire obturation.

b) Poor: nonuniform radio-density, with multiple voids along the obturation and/or

canal space visible laterally and apically.

dural errors (present or absent)

Separated instrument(s)/files: Identified through observation of the radiograph and
according to the radiopacity between the filing material and the fractured

instrument.3°

N

Canal transportation: Identified when the extrusion of filling material was detected

in any other area of the root, except the furcation area.3'32

w

Ledging: Identified when the root obturation/MAF was at least 1 mm shorter than
the initial working length, or deviated from the original curvature canal shape3'*2

or/and by treatment notes.

B

Over instrumentation: Can be identified when the MAF was seen beyond the
radiographic apex.

Author Manus

Calibration
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Both intra and inter examiner calibration was conducted initially (pre-analysis), to
mlne the level of agreement and make adjustments. Calibrations were conducted using
appa test (p<0.05), for obturation quality (Inter: 0.8165; Intra: 0.9082), PAI (Inter: 0.9636;

696) and presence of periapical lesion (Inter: 1.000; Intra: 1.000), indicating strong

?

of agreement.

Cil

istical analysis

Categorical variables are expressed as count and percentages and continuous

les as median and interquartile range (IQR). Comparative analyses for categorical

S

affables were performed using Fisher’s exact test and for continuous variables using Mann

Whitney U test. Two-tailed p values of <0.05 were considered significant. We performed a

€

Ivariable logistic regression, with instrumentation technique (WOB or HYB), MAF, and

number included as the covariates (independent variables), to compute their effects on

{';l

dural errors (dependent variable). Kaplan-Meier survival analysis with log-rank test was
o compare tooth survival (presence or absence of the tooth in the oral cavity) between
strumentatlon groups, with the time-to-event function (defining “event” as the tooth
tion). We also used a bivariate cox proportional hazards regression model to compute

d ratios and 95% confidence intervals of the effects of instrumentation technique and

M

iapical index (PAIl), on tooth survival (with the time to event function, defining “event” as
the tooth extraction). All statistical analyses were performed using SPSS v.29.0.1.1 (IBM,
Armonk, NY).

@ Its

In the HYB group, the median age of the patients was 59 years (interquartile range

r

43 to 69 years), and 15 were current smokers (out of those patients whose smoking

iIstory was known). This was comparable to the patients in the WOG group whose median
as 55 years (IQR 41 to 69 years, p=0.316), and 19 were known current smokers. Both
s comprised 97 (52.7%) anterior teeth and 87 (47.3%) premolars, with no significant
erences in the distribution of tooth numbers between the two groups (p=0.550). Tooth
ality was similar with 131 (71.2%) non-vital teeth in the HYB group and 141 (76.6%) non-
vital teeth in the WOG group (p=0.285). Periapical indexes were also similar across the two
groups (p=0.992). There was a significant difference in the MAF size, with 12 (6.5%) MAF <35
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in the HYB group compared to 63 (34.2%) MAF<35 in the WOG group (p<0.001). Data from

ection is summarized in Table 1.

{

edural errors

1

The total of procedural errors in the HYB group was 23 (12.5%) and in the WOG group
5 (24.4%). There was a significant difference in the proportion of procedural errors

betWeen the groups with a p-value lower than 0.05 (Table 2). In the HYB group, 18 cases

>

) had over-instrumentation errors, 3 (1.6%) had canal transportation, 2 (1.1%) had

s and none had instrument separation. In the WOG group 45 (24.5%) had over-

S

umentation errors, but there were no canal transportation, ledge or instrument separation
errops. The two groups had a significant difference in terms of over-instrumentation errors with
-value of <0.001.

Ul

In the multivariable logistic regression analysis, WOG was associated with a higher
of procedural errors compared to the HYB group (Odds ratio (OR) of 2.414, 95%
ence interval (Cl) 1.342 to 4.342, p=0.003), while MAF=35 (OR 1.194, 95% CIl 0.594 to
=0.618) and tooth number did not have a significant association with procedural errors
e 3).

all

M

ival analysis

The number of teeth that did not survive in the HYB group was 28/170 (16.47%). The
gber of teeth that did not survive in the WOG group was 10/148 (6.76%). Although the
@ ence in the survival proportion was significant using Fisher's exact test (p=0.009), when

[

ted for follow-up time on the survival analysis, there was no statistically significant

difference in tooth survival between the groups. The follow-up of the teeth in the HYB group

q

ranged from 6 months to 9 years (median follow-up of 5 years, IQR 3 to 7 years), while the

!

follow-up in the WOG group ranged from 3 months to 5 years (median follow-up of 2 years
(IQR 1 to 3 years). 170 cases in the HYB group and 148 cases in the WOG group had

ival/Follow-up times, and were included in the survival analyses. The rest were excluded

Ll

m the survival analyses. The Kaplan-Meier survival analysis showed no significant

erence in tooth survival between the two instrumentation groups (log-rank test p=0.306)

A

(Figure 1). On the Cox proportional hazards regression model we adjusted for the effect of
PAI on tooth survival. Once again, the instrumentation technique had no significant effect on
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tooth survival (Hazard Ratio (HR) 0.719, 95% CI 0.339 to 1.525, p=0.390). However, the effect
HI of 5 was statistically significant, and teeth with PAI of 5 were more likely to not survive
ared to teeth with PAl of 1 (HR 6.719, 95% CI 2.027 to 22.272, p=0.002) (Figure 2).

-EI'!E! ussion:
In this study, we sought to evaluate retrospectively the difference in procedural errors
utcomes between cases performed by dental students using a hybrid technique or the
wOne Gold reciprocating instrumentation systems.

We observed that over-instrumentation error was the most commonly reported type of

errgll This has been reported to be a common mishap when using the reciprocating WOG file
m.333* |n this study, 12 out of all the WOG cases were taken up to a 45/.05, which might

! contribute to higher reports of over-instrumentation. Another possible explanation might be

that
a pical third of the WOG group was instrumented with the reciprocation, which in novice
ha

I

he apical third of the HYB group was instrumented using NiTi 0.04 hand files whereas

ds might cause loss of apical control. This could be considered a problem regarding the

inical outcomes, as previous articles have shown apical changes®® and a decrease in

osis following over-instrumentation®®. However our results showed that over-

mentation did not affect the outcomes in this particular sample size and population.

s Regarding instrument separation, multiple studies using endodontic residents show a

gparation rate of 1.68%-1.33%%% with rotary instruments and a reduction (0.84%) with

endodontist (0.13%).® This shows how reciprocation and the experience of the provider can

ocating files,'® which is further reduced when the treatment was performed by an

reduce the instrument separation rate. Our study did not find any instances of instrument

ation with either instrumentation technique. This could be due to our smaller sample size
compared to previous studies®'%%7% and the fact that endodontic residents and endodontists
endito handle more challenging cases with complex anatomies. In contrast, our study involved

al students who handled simpler cases. Nevertheless having no separation rate in our

{/ proves that both techniques in our study are very safe.

We also evaluated the effect of instrumentation and other factors on tooth survival
instead of success, where we adopted a modified Friedman criterion.?28 In our study, the

follow-up period for the teeth in HYB group was longer since their data was collected since
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2013. Our median follow-up time in the HYB group was 5 years (IQR 3 to 7 years) while the
+median follow-up time in the WOG group was 2 years (IQR 1 to 3 years). Upon survival
analysis, taking into account the time-to-event function, there was no statistically significant
:difference between the groups in terms of tooth survival. This result was in accordance with a

m mmsystematic review of longitudinal clinical studies, *° where they showed that there was no

Ul

statistically significant difference in outcomes across studies in terms of the method of

c instrumentation.

On the other hand, when adjusting for PAI index, teeth with PAI index of 5 were
wiated with lower survival. This is in accordance with studies that show that large
erative lesions negatively affect the outcomes of RCTs.3%#1. Higher levels of bacteria
andJendotoxins are found in teeth with larger sizes of radiolucent areas.*?>=%* A higher number

of bacteria is correlated with organized biofilms where bacteria adhere to the root canal walls,
and accumulate to form communities*®, which can be important for bacterial resistance during

and after intracanal antimicrobial procedures*® and reflects the organization of the biofilm in
@I segments.*” In the WOG group 10 (5.4%) teeth did not survive. The majority of teeth
t did not survive were due to fractures, and the ones that did not survive because of
: Eer&stent bacteria were the 2 teeth that remained symptomatic and a tooth where the palatal
was missed. One hundred and thirty-eight (75.0%) teeth survived in the WOG group

6 (19.6%) teeth did not have a post-treatment evaluation (PTE). The lack of PTE could

be attributed to shorter time from the date of treatment to chart abstraction, compared to the
mgroup, and also due to fewer PTE appointments in clinic during the COVID-19 pandemic.
mparison, the HYB group had 34 (18.5%) teeth that did not survive. The majority of these

fractured or were extracted for reasons not related to endodontic failure. Six teeth did

urvive due to endodontic reasons. One hundred and forty-three (77.7%) teeth survived
and only 7 (3.8%) teeth did not have a PTE.

+—J Comparing proportions of teeth that did not survive between the two groups is
-misleading because the HYB group had a significantly longer PTE time, and status of 19.6%
mmteeth in the WOG group was unknown (compared to 3.8% in the HYB group). Hence, a survival
analysis, which takes into account the time-to-event function as well as loss to follow-up, was
<deemed to be a more appropriate statistical method. A Kaplan-Meier survival analysis showed
no statistical significance between the 2 instrumentation groups in terms of tooth survival.
Furthermore, our study also found no significant association between tooth survival and

patient age, tooth type, tooth number, tooth vitality, or MAF. Our study groups also had a very
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similar profile in terms of patient age, tooth type, tooth number, tooth vitality and PAI, which
+further removes any potential effects of these factors on tooth survival. Multiple studies have
shown a tooth survival rate of 88% to 97% after root canal treatment*®-°°, which is similar to
:the overall tooth survival in our study (86%) upon excluding the teeth that did not have PTE.

m mmlt is also important to emphasize that tooth survival after the endodontic treatment is directly
srelated to the timely and adequate placement of a final restoration. Studies have shown that
failure rates increase if the restorative treatment is not adequate®4°48, The present study did
(not specifically evaluate this criteria; however, as cases were done in an integrated clinics
environment, it is expected that most, if not all, were restored. In addition, although the
CIiterature has information on the survival of endodontically treated teeth accordingly to the type
mm of restoration, such level of stratification on the current study would demand a remarkable

-increase in sample size, and for a factor that is not the main purpose here.

Further studies looking into the outcomes of root canals completed by early learners
in Dentistry may be necessary, more specifically looking into the technique variations and how
they impact the clinical results. Our study is one of the first to look beyond the incidence of
procedural errors and, although limited by sample size and the fact that it is a retrospective

<study, it shows that technological improvements are able to produce similar outcome results

:when used by dental students.

Conclusions:

L We can conclude that novice students using the WOG technique are more prone to
c&r.-instrumentation errors than students using the HYB instrumentation technique, thus
rejecting the null hypothesis in this topic. However, both groups showed a low incidence of
FI transportations, ledges, and instrument separation and the higher incidence of over-
instrumentation in the WOG group did not affect tooth survival, in this case failing to reject the
+seco_nd null hypothesis. The score of the periapical lesion was the only factor that was

mmsignificantly associated with lower tooth survival.
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Table 1: Baseline characteristics of the study groups

seline Characteristics HYB WOG *p-value
years [median, (IQR)] 59 (43, 69) 55 (41, 69) 0.316
m
Tooth type
terior 97 (52.7%) 97 (562.7%) 1.000
emolar 87 (47.3%) 87 (47.3%)
Tooth vitality
tal 53 (28.8%) 43 (23.4%) 0.285
Non-vital 131 (71.2%) 141 (76.6%)
apical Index (PAI)
core 1 40 (21.7%) 42 (22.8%) 0.992
ore 2 45 (24.5%) 46 (25.0%)
ore 3 56 (30.4%) 57 (30.8%)
Score 4 34 (18.5%) 31 (16.8%)
core 5 9 (4.9%) 8 (4.3%)
aster Apical File (MAF)
5 12 (6.5%) 63 (34.2%) <0.001
172 (93.5%) 121 (65.8%)

=35

alues are 2-sided and based on Fisher’s exact test for categorical values and Mann-

tney U test for continuous variables. p<0.05 were considered statistically significant.
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Table 2: Outcomes of tooth instrumentation with Hybrid and WaveOne Gold

HYB WOG *p-value
23 (12.5%) 45 (24.5%) <0.005
18 (9.8%) 45 (24.5%) <0.001
3 (1.6%) 0 (0.0%) 0.248
34 (18.5%) 10 (5.4%)
<0.001

143 (77.7%)

7 (3.8%)

138 (75.0%)

36 (19.6%)

alues are 2-sided and based on Fisher’s exact test. p<0.05 were considered
stically significant.

BFfdwn perforations and missed canals were excluded as they may occur independently
pective of instrumentation technique.

ooth survival data was unknown for 7cases in the Hybrid group and 36 cases in the
WaveOne Gold group. Follow-up time was variable.
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Table 3: Logistic Regression: Factors affecting the prevalence of procedural errors

riable Odds Ratio (95% CI) p- value
entation technique:
Hybrid Control 0.003
aveOne Gold 2.414 (1.342 - 4.342)
> 35 1.194 (0.594 - 2.4) 0.618
Tooth group:
xillary anteriors and mandibular canines Control
Maxillary premolars 0.666 (0.325 - 1.364) 0.266
ndibular premolars 0.916 (0.460 - 1.823) 0.802
andibular incisors 1.334 (0.483 - 3.689) 0.578

number indicates statistical significance.

lues are 2-sided. p<0.05 were considered statistically significant.
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Figure 1: Kaplan Meier curves showing tooth survival stratified by instrumentation technique
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Effect of periapical index (PAl) on tooth survival
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