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ABSTRACT

The Effect of Smear Layer Removal on Endodontic Outcomes

Grant Russell Rutherford, DDS, 2022

Thesis directed by: ~ CAPT Susan E Hinman

Director of Advanced Specialty Program in Endodontics

Endodontics Department

Naval Postgraduate Dental School
Introduction: During the instrumentation phases of endodontic treatment, a “smear
layer” of organic and inorganic debris is created. To date, no in vivo studies have
evaluated the effect of smear layer removal on the healing of periapical pathosis in
permanent teeth. Objectives: The purpose of this double-blind randomized controlled
clinic trial is to evaluate whether removal of the smear layer, via irrigation with
ethylenediaminetetraacetic acid (EDTA), has an effect on endodontic outcomes, and to
determine the effects, if any, of other covariables on healing outcomes. Methods:
Consented human subjects were randomly assigned to one of two treatment groups; one
group had the smear layer removed via irrigation with 17% ETDA while the other group
had the smear layer left intact via irrigation with 0.9% saline. A clinical and radiographic
follow-up examination was conducted no sooner than 12 months following treatment.
Data from the treatment and follow-up exam were utilized to determine the endodontic

outcome. Results: Interim analysis of 238 subjects using Fisher’s exact test revealed a

healed rate of 70% for saline irrigation and 64% using EDTA, for an overall healed rate



of 66.8%, and no significant difference between the two irrigation protocols (p=0.41).
Increased patient age (p<0.05), presence of a pre-operative sinus tract (p=0.03), pulpal
necrosis (p=0.01), and pre-operative radiolucency (p<0.001) were all covariate factors
associated with lower healed rates. Conclusion: Interim results of this study indicate no
benefit to smear layer removal during initial endodontic treatment of permanent teeth. It
was additionally determined that increased patient age is a significant factor, as well as
the presence of pre-operative sinus tract and/or periapical radiolucency, and/or a

diagnosis of pulpal necrosis, all of which were associated with lower rates of healing.
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CHAPTER 1: Introduction

The goals of endodontic therapy include elimination of infection and
inflammation, and the successful resolution of patients’ signs and symptoms. Modern
non-surgical root canal therapy incorporates numerous techniques and procedural steps to
achieve these goals. Mechanical shaping, chemical disinfection, and quality obturation of
the root canal system are the cornerstones of endodontic treatment that are universally
agreed upon as requirements for healing and successful outcomes. Although current
success rates for endodontic treatment range from 80% to 94% 1 2 the endodontic
community is constantly striving to further improve outcomes.

As in the cavity preparation step of operative dentistry, during the instrumentation
phases of endodontic treatment, a “smear layer” is created. First described in root canals
by McComb et al. in 1975, this smear layer becomes adherent to the dentin walls and
consists of organic and inorganic debris containing dentin, necrotic and vital pulp tissues,
and bacteria3. When restoring a cavity preparation with a bonded resin restoration,
removal of the smear layer is a critical step for enabling micromechanical retention of the
bonding agent by engaging the exposed collagen fibrils and dentinal tubules*. However,
in endodontics, removal of the smear layer is somewhat controversial since, to date, there
has been no demonstrable benefit of this additional step.

Ethylenediaminetetraacetic acid (EDTA) is one of the most common irrigants utilized
for removal of the smear layer. A chelating agent, EDTA works by removing the
inorganic component of the smear layer and may partially demineralize the underlying

dentin surface thus exposing a portion of its organic matrix®. It was demonstrated to



effectively remove the smear layer by McComb in 1975 in the same paper in which she
described the smear layer in endodontics3.

A 2021 survey conducted by Tsotsis et al. concluded that 93% of endodontists
remove the smear layer®, which is notably higher than the 77% identified by Dutner et al.
in 20127, and nearly double the 51% identified by Moss et al. in 20018, demonstrating
that the practice has increased over the last two decades and is now nearly universally
embraced. Various authors have noted the supposed benefits of smear layer removal,
citing that elimination of this debris layer opens the dentinal tubules, exposing the more
deeply penetrated bacteria to chemical disinfection and enabling penetration and sealing
of the tubules during obturation®-13. However, others argue that leaving the smear layer
intact offers greater benefit than removal. Drake et al. demonstrated that leaving the
smear layer intact resulted in fewer bacteria within dentin tubules!4. Additionally, others
have highlighted the dentinal erosion that occurs with the combined use of sodium
hypochlorite and EDTA1> 16 as well as reduced dentin microhardness!?.

Numerous in vitro studies have evaluated the efficacy of various techniques,
instruments, and irrigants on removing the smear layer in endodontics. Additionally, the
effect of smear layer removal on endodontic outcomes has been evaluated for primary
teeth with varying results18-20. However, to date, no in vivo studies have been published
regarding the effect of smear layer removal on the healing of periapical pathosis in
permanent teeth. Therefore, the purpose of this double-blind randomized controlled clinic
trial is twofold: 1) to evaluate whether removal of the smear layer, via irrigation with
ethylenediaminetetraacetic acid (EDTA), has an effect on endodontic outcomes, and 2) to

determine the effects, if any, of other covariables on healing outcomes.



CHAPTER 2: Materials and Methods

Materials and Methods adapted from Fleming, A. 2020 USUHS Thesis Manuscript

The Institutional Review Board (IRB) at the Walter Reed National Military
Medical Center (WRNMMC), Bethesda, Maryland, approved this study, WRNMMC IRB
#352491, “The Effect of Smear Layer Removal on Endodontic Outcomes.” WRNMMC
also provided funding. Since the inception of this study, the Material and Methods

section of this manuscript has been modified from the initial approved protocol.

The Endodontics Department at the Naval Postgraduate Dental School (NPDS)
serves all active duty military, their dependents, retired military, as well as foreign
military members and other categories of eligible beneficiaries. Inclusion criteria for
patients to be enrolled were as follows: patients must be 18 years or older, in good health
(American Society of Anesthesiology health status classification I or II), require initial,
one-appointment non-surgical root canal therapy, and must agree to return for a 1-year

follow-up examination.

Patients with a history of periodontal disease, previously initiated or previously
treated root canal therapy, active antibiotic use or presenting with an acute apical abscess,
were ineligible to participate in this study. Those patients who were allergic to any
medication or dental material used in the study, including latex or gutta percha, and

subjects who reported being pregnant, were also excluded from participation.

Once consented and enrolled, subjects were randomly assigned to one of two

treatment groups. Orthograde and angled pre-operative periapical radiographs were



exposed. Medical conditions, clinical symptoms, diagnostic and treatment data (see Table

1) were collected using standardized data collection forms.

All treatment was provided by NPDS endodontic residents using dental operating
microscopes and overseen by an Endodontic Department faculty member. With the
exception of the irrigation variable, either 17% EDTA or 0.9% sterile saline, a
standardized treatment protocol was utilized regardless of group assignment. Subjects
were anesthetized and the tooth to be treated was isolated with rubber dam and Oraseal®
caulking adhesive (Ultradent Products, South Jordan, UT). Straight-line access was
established using #2 round or #557 carbide burs (Henry Schein, Melville, NY) and
EndoZ burs (Dentsply Sirona, Tulsa, OK). Coronal flaring was created using #2, #3, and
#4 Gates Glidden drills (SybronEndo Corporation, Orange, CA). Canal working lengths
were established using a Root ZX® (J Morita, Irvine, CA) and confirmed
radiographically. A glide path was created using 0.02 taper #10, #15, #20 FlexoFile®
(Dentsply Sirona, Tulsa, OK) stainless steel files to working length. The canals were
cleaned and shaped with 0.04 Vortex Blue™ (Dentsply Sirona, Tulsa, OK) rotary files
using a crown down technique to at least a master apical file size #35 with .04 taper.
Recapitulation was performed with 0.02 taper #10 Flex-O-Files to working length and
irrigated with 8.25% NaOCI, delivered from a 30-gauge side vented irrigation tip
between all file sizes for a total intraoperative irrigation volume not exceeding 2 ml. The

canals were dried with sterile paper points (Henry Schein, Melville, NY).

To blind providers to the final irrigation solutions, each was given a syringe

containing either 17% EDTA or 0.9% saline, labeled “irrigant A” or “irrigant B.” The



clinician delivered 1 ml of the test irrigant 1 mm short of working length over 1 minute

per canal, after which identical treatment for all subjects resumed.

A final rinse of 3 ml of 8.25% NaOCI per canal was performed and the canals
were dried with sterile paper points (Henry Schein, Melville, NY). A System B® (Kerr
Corporation, Brea, CA) plugger that bound within the canal 5-7 mm short of working
length was selected. Working length was confirmed using a 0.04 taper master gutta
percha cone (Diadent, Burnaby, BC, Canada). Roth 801 sealer (Roth International LTD,
Chicago, IL) was delivered into the canal and the walls coated. The master cone was
seated to working length and the canal was obturated with gutta percha using a
continuous wave technique. The canal was backfilled using a thermoplasticized backfill
technique. Alcohol-soaked cotton pellets were used to clean the chamber prior to
temporizing the access with a sterile cotton pellet and Fuji Triage® (GC America Inc.,
Alsip, IL) or Cavit™ Temporary Filling Material (3M ESPE Dental, St Paul, MN). A
post-operative radiograph was exposed using an XCP® (Dentsply Rinn, York, PA) device
with Blu-Mousse® (Parkell Inc., Edgewood, NY) bite registration material in order to
reproduce the vertical and horizontal angles of the original radiograph at the one-year
follow-up appointment. Subjects were instructed to return to their referring dentist for the

permanent restoration.

A follow-up examination was conducted no sooner than 12 months following
completion of treatment. Providers reviewed health histories and recorded clinical data
including results from diagnostic testing on standardized follow-up data collection forms.
A follow-up periapical radiograph was taken using the positioning device previously

created at the treatment appointment.



All radiographs were assessed using a modified PAI scoring technique, described
by Orstavik?!. PAI scoring was conducted by three calibrated, board-certified
endodontists. Coronal restorations of the immediate post-operative radiograph and the 1-
year follow-up radiograph were masked to eliminate reviewer bias. Radiographs were
coded, randomized, and individually projected onto a screen in a dark room. Radiographs
were scored individually; when there was disagreement, a forced consensus was initiated.
A PAI score of 1 or 2 was considered healed while a PAI score of 3, 4 or 5 was
considered non-healed. All data were entered into SPSS Statistics (IBM, Armonk, NY). R

software was used for statistical analysis (Core Team 2021).

Separate pulpal and apical diagnoses were made based on diagnostic testing

conducted during the follow-up exam.

Outcome assessment. Data from the treatment and follow-up exam were utilized
to determine the endodontic outcome. Subjects classified as “healed” were asymptomatic
with an absence of a radiographic lesion at the time of follow-up, while “non-healed”

subjects were symptomatic with or without a radiographic lesion.

Sample size was established for the desired precision for estimation of an
anticipated 80% healed rate at 12-months, assuming a 40% projected drop-out rate. In
order to assess the true healed rates to within 5 percentage points, a power analysis
recommended a total 440 subjects, with 220 per test group. Chi-square and Fisher’s exact
tests (o < 0.05) were used to perform all statistical comparisons of patient, treatment and

clinical characteristics by healed status at 12-months follow up.



CHAPTER 3: Results

For this interim analysis, 362 total subjects were enrolled, 342 subjects were
eligible for follow-up and 279 subjects were recalled, for an overall recall rate of 83%.
Data from 40 subjects was excluded due to either the enrolled tooth having been
extracted or due to a protocol deviation (most commonly multiple appointments required
to complete treatment). Overall, data from 238 subjects was analyzed.

The healed rate at 12 months follow up was 70% for cases irrigated with 0.9%
saline, and 64% for cases irrigated with EDTA (Figure 1), for an overall healed rate of
66.8% and no significant difference between the two protocols (Chi-square p=0.41).

Additional analysis of covariables using Chi-square or Fisher’s exact tests (see
Table 2) revealed four factors that were significantly associated with healing: patient age,
pulpal status, presence of pre-operative radiolucency, and presence of pre-operative sinus
tract. As seen in Figure 2, teeth with pulpal necrosis had a significantly lower healed rate
of 57% versus teeth with vital pulps at 75% (p=0.01). Figure 3 demonstrates that teeth
with a pre-operative radiolucency had a significantly lower healed rate of 54% compared
to teeth without pre-operative radiolucency at 79% (p<0.001). Furthermore, 68% of teeth
without a pre-operative sinus tract healed, whereas only 38% of teeth with a pre-operative
sinus tract healed (p=0.03). Lastly, healing rates tended to be higher among younger
versus older age groups (p<0.05). Additionally, while not statistically significant, a trend
toward poorer outcomes was noted for patients with diabetes (p<0.09) and/or

hypertension (p<0.08).



Table 1. List of all covariables considered.

Gender

Pre-op/Post-op swelling

Presence of pre-op radiolucency

Age

History of ortho treatment

Pre-op pulpal diagnosis

Tooth position

History of external resorption

Pre-op apical diagnosis

Tooth type

History of bleaching

Patency

Pre-op/Post-op diabetes

History of internal resorption

Procedural complications

Pre-op/Post-op hypertension

Pre-op/Post-op caries

Intra-orifice barrier

Pre-op/Post-op smoker

Pre-op/Post-op cold sensitivity

Obturation fill length

Pre-op/Post-op coronary heart
disease

Pre-op/Post-op mobility

Post-treatment apical diagnosis

Pre-op/Post-op pain

Pre-op/Post-op bleeding on probing

Post-treatment pulpal diagnosis

Pre-op/Post-op EPT response

Pre-op/Post-op restoration

Time elapsed between initial treatment

and permanent restoration

Pre-op/Post-op palpation

Pre-op/Post-op probing depths

Presence of post-op intracanal post

Pre-op/Post-op percussion

Pre-op/Post-op open margin

Follow-up apical diagnosis

Pre-op/Post-op sinus tract

Pre-op/Post-op lamina dura




Table 2. List of specific covariables further analyzed for significance. Data from the
17% EDTA and 0.9% saline groups were pooled to assess the influence of covariate
factors on healing. p-values obtained from Chi-square or Fisher’s exact tests.

PATIENT AGE:
18-35 Years Old 51 (78.5%) 14 (21.5%) 0.05
36-65 Years Old 90 (63.8%) 51 (36.2%) '
>65 Years Old 18 (56.2%) 14 (43.8%)

GENDER:
Male 120 (69.0%) 54 (31.0%) 0.31
Female 39 (60.9%) 25 (39.1%)

TOOTH TYPE:
Single root 71 (71.7%) 28 (28.3%) 0.22
Multiple root 88 (63.3%) 51 (36.7%)

HYPERTENSION:
No 127 (69.8%) 55 (30.2%) 0.11
Yes 32 (57.1%) 24 (42.9%)

DIABETES:
No 149 (68.7%) 68 (31.3%) 0.09
Yes 10 (47.6%) 11 (52.4%)

PRE-OP SINUS TRACT:
No 154 (68.4%) 71 (31.6%) 0.03
Yes 5 (38.5%) 8 (61.5%)

PRE-OP COLD SENSITIVITY:
NR 64 (57.1%) 48 (42.9%) 0.01
R/NL 44 (73.3%) 16 (26.7%) '
R/L 51 (77.3%) 15 (22.7%)

PRE-OP RADIOLUCENCY:
No 95 (79.2%) 25 (20.8%) <0.001
Yes 64 (54.2%) 54 (45.8%)

*TEST IRRIGANT:
0.9% Saline 81 (69.8%) 35(30.2%) 0.41
17% EDTA 78 (63.9%) 44 (36.1%)

OVEREXTENSION OF ROOT FILLING:
No 156 (68.1%) 73 (31.9%) 0.05
Yes 3 (37.5%) 5 (62.5%)




100

Percent Healed

0.9% Saline

Irrigant

Figure 1. Comparison of the Irrigation Protocols on Healed Rates. Bar graph
showing the number of subjects, the healed rate, and 95% confidence intervals
for the two irrigation protocols. The protocol using 0.9% saline did not remove
the smear layer, while the protocol using 17% EDTA did remove the smear
layer. The healed rate did not statistically differ between the two groups (Chi-
square p = 0.41).
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R/ R/L NR
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Figure 2. Comparison of Pre-Operative Response to Cold on Healed Rates. Bar
graph showing the number of subjects, the healed rate, and 95% confidence
intervals of subjects with a pre-operative response to cold. Teeth with a non-
lingering response (R/NL) or lingering response (R/L), were considered vital.
Teeth with no response to cold (NR), were considered necrotic. Fisher’s Exact
Test revealed a significant difference between pooled healed rates of vital teeth
compared to necrotic teeth (p = 0.01).
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Figure 3. Comparison of Pre-Operative Radiolucency on Healed Rates. Bar graph
showing the number of subjects, the healed rate, and 95% confidence intervals
of teeth presenting with and without a pre-operative radiolucency. Fisher’s
Exact Test revealed a significant difference in healed rates between teeth with
no pre-operative radiolucency when compared to teeth presenting with a pre-
operative radiolucency (p < 0.001).
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CHAPTER 4: Discussion

The signs and symptoms of endodontic disease are the direct result of microbial
infection of the root canal system?22. Endodontic infections are often complex in nature
and therefore can be difficult to eradicate. Complex anatomy, namely canal curvatures,
accessory canals and foramina, fins, and isthmuses, make it impossible to completely
instrument and disinfect all aspects of a root canal system. Additionally, the structure of
the pulp-dentin complex, namely the dentin tubules, results in natural micro-porosities
that can harbor debris and microorganisms. Dentin tubules vary in density and amount of
branching and interconnectivity throughout the length of the tooth?3. Furthermore,
endodontic infections consist of numerous species of bacteria2% 2> and possibly fungi and
viruses as well2¢ 27, These microbes create intricate communities called “biofilms” which
have physical and chemical protective factors for their members that contribute to their
tenacity and antimicrobial resistance2>. These polymicrobial biofilms have implications
for root canal therapy as well as for regenerative endodontic procedures2? 28, Failure to
eliminate or significantly reduce the quantity of pathogenic microorganisms may result in
unsuccessful outcomes.

McComb et al. first described the smear layer in endodontics in 1975, as an
adherent layer of debris on dentin walls consisting of organic and inorganic debris
containing dentin, necrotic and vital pulp tissues, and bacteria3. Others have further
elaborated on the smear layer’s complexity, citing its approximate thickness of 1-Sum,
describing the smear “plugs” that are created when this debris is packed into the dentin

tubules via mechanical means and/or capillary-action and reach depths of 40-110um, and

13



emphasizing its tenacity and difficulty of removal29-31, Different instrumentation
techniques may produce varying qualities and quantities of smear layer®. Interestingly, a
smear layer may even be formed when only activated irrigation is used without
mechanical instrumentationls 32,

There are numerous materials that have been investigated for their ability to
remove the smear layer in endodontics. Sterile saline, citric acid, phytic acid, etidronic
acid, peracetic acid, acetic acid, malic acid, apple vinegar, sodium citrate, sodium
hypochlorite, chlorhexidine, MTAD (mixture of tetracycline, an acid, and a detergent),
EDTA (ethylenediaminetetraacetic acid), Q-mix (chlorhexidine in combination with
EDTA and a detergent), and a plethora of other proposed irrigants have all been studied
in attempt to disinfect and/or remove the smear layer33-36.

Although the efficacy of EDTA in removing the smear layer was identified early
on, it took years of research to determine the safest and most effective concentration,
volume, and contact time adequate for smear layer removal without detrimental effects
on the dentin. The current protocol utilized by most practitioners for removal of the
smear layer involves using a 17% EDTA concentration at a volume of 1 milliliter (mL)
per canal delivered over the course of 1 minute, followed by a final rinse with sodium
hypochlorite. This was the protocol followed for this research study. In 1983, Yamada et
al. demonstrated the safety and efficacy of the 17% EDTA concentration3’. Calt et al.
established in 2002 that 1 minute contact time of 17% EDTA is effective in removing the
smear layer with minimal negative effect on the peritubular and intertubular dentin38.
Lastly, in 2005, Crumpton et al. showed that 1 mL of 17% EDTA was a sufficiently

effective volume and comparable to 10 mL3°. In addition to removing the smear layer,
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EDTA has also been shown to have antifungal activity2®, the ability to dissolve some root
canal sealers during endodontic retreatment*9, and to promote angioneogenesis due to its
effect on dentin and the resultant release of growth factors1.

The literature has repeatedly and conclusively demonstrated the efficacy of
sodium hypochlorite in disinfecting root canal systems via dissolution of organic tissue,
including vital tissue*Z, necrotic tissue*3, and elimination of bacterial biofilms?25.
However, the efficacy of sodium hypochlorite is dependent upon its ability to directly
contact the microorganisms and/or organic tissue targeted for removal. The smear layer
may pose a barrier to allowing adequate penetration and contact of sodium hypochlorite
to bacteria embedded within the smear layer itself and/or in the occluded dentin tubules*.
The combination of sodium hypochlorite and EDTA irrigation has been shown to be
more effective in reducing bacteria than sodium hypochlorite alonel® 45, Similarly, a final
rinse with sodium hypochlorite after smear layer removal with EDTA has been shown to
successfully remove the smear layer, superficial debris and biofilm, and intratubular
bacteria by numerous studies5- 37> 4647, These results seem logical given that sodium
hypochlorite dissolves organic tissue while EDTA removes inorganic tissue, both of
which are present in the instrumented root canal48. Notably, Ng et al. identified the use of
EDTA followed by a final rinse with sodium hypochlorite as a factor contributing to
improved prognoses for endodontic retreatment, but not for initial treatment?.

Typically, irrigants are introduced into the root canal system via an irrigation syringe
and gentle manual pressure. However, additional techniques and adjunctive equipment
have been introduced over the years in attempt to increase the efficacy of various

irrigants. Notably the use of sonic or ultrasonic activation of EDTA has been shown to
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enhance debris removal49-53. Additionally, the use of lasers, alone or in conjunction with
irrigant(s) has also been explored>4->6. None of the techniques studied to date are
universally accepted since none have shown complete efficacy at removal of the smear
layer throughout the complete length of all canals®7, with the apical portion of canals
being the most difficult to clean.

Various authors have cited the potential benefits of smear layer removal, stating that
opening of the dentinal tubules allows access to the more deeply penetrated bacteria by
chemical disinfectants, as well as enables penetration and sealing of the tubules during
canal obturation®-12. In addition to use during routine endodontic treatment in hopes of
enhancing disinfection, removal of the smear layer has also been demonstrated to
enhance diffusion of calcium ions through dentinal tubules for treatment of resorption
with calcium hydroxide intracanal medicament®8. Furthermore, removal of the smear
layer has been demonstrated to reduce leakage and enhance the apical seallZ> 59-61,

In contrast, other authors have stated that leaving the smear layer intact is in fact more
beneficial than removal. A study by Drake et al. found that leaving the smear layer intact
actually resulted in fewer bacteria within dentin tubules!4. Additionally, others have
highlighted the potentially detrimental erosion of dentin that occurs with the combined
use of EDTA and sodium hypochloritel> 16 as well as potential reduced dentin
microhardness®Z. It has also been argued that leaving the smear layer intact may actually
result in less apical microleakage®3. Moreover, adding an additional procedural step that
requires extra treatment time, supplies, and expense without significant benefit yet

demonstrated, seems unnecessary to some clinicians.
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Despite the nearly universal practice of smear layer removal by endodontists, no in
vivo clinical study has been completed demonstrating the benefit of this additional step.
This is the first double-blind randomized controlled clinical trial assessing the effect of
smear layer removal on endodontic outcomes. The findings of this interim analysis show
there may not be any benefit to removing the smear layer using a 17% EDTA and 8.25%
NaOCl irrigation protocol.

Four factors were identified as associated with reduced healing rates: teeth with
pulpal necrosis, presence of pre-operative apical radiolucency and/or sinus tract, and
increased patient age. Similar findings were previously demonstrated in research by
Sjogren et al. who found that pulp status was the best predictor of success after
endodontic treatment and that teeth with necrotic pulps and periapical lesions had
significantly lower success rates than teeth with vital pulps®4. Additionally, the presence
of pre-operative radiolucency was demonstrated to be a prognostic factor for reduced
healing by Ng et al.1 as well as Chugal et al.65.

Interestingly, our study found that healing rates tended to be higher among younger
versus older age groups (p<0.05). This is in contrast to the findings of previous studies
which concluded that patient age was not a significant factor when evaluating
outcomes®® 67 with the exception of Imura et al. who determined age was a significant
factor for healing of non-surgical retreatment cases?.

Furthermore, our finding of lower healed rates in diabetic patients and in patients with
hypertension approached significance and is consistent with the findings of previous
research. Saleh et al. demonstrated that diabetic patients are nearly three-times more

likely to exhibit periapical lesions than nondiabetic patients®®. Additionally, An et al. as

17



well as Segura-Egea et al. both found higher a prevalence of apical lesions in patients
with hypertension, although their results were also not statistically significant 62 70,

There are several limitations to this study. The sample size of 238 subjects at time of
this interim analysis must be taken into consideration since initial power analysis
determined a sample size of 440 to be adequate for determining significance.
Furthermore, our study utilized a single follow-up period starting at one-year post-
treatment. Multiple studies have shown that while a majority of healed cases will heal by
one year with certain cases taking up to four years or longer to demonstrate complete
healing”1. Lastly, and possibly most significantly for outcomes assessment is the fact that
our study used a strict assessment, allowing only for “healed” or “non-healed”
categorization with no “healing” category. Using the periapical index (PAI) scoring
system, three board-certified endodontic faculty assessed all radiographs. Twenty-six
follow-up radiographs were given a PAI score of “3” which is indicative of an uncertain
periapical status, but for the purposes of our study these cases were categorized as “non-
healed”. Additionally, per the PAI protocol, only a single immediate post-operative
radiograph and single follow-up radiograph were eligible for assessment. We know from
research by Brynolf et al. that viewing multiple radiographs from different angles
increases diagnostic accuracy, especially for multi-rooted teeth?2. This combination of
factors may have resulted in certain healed cases being categorized as non-healed.

There are several reasons possible reasons to explain our finding of no difference in
irrigation protocols. Clegg et al. demonstrated that 6% sodium hypochlorite is effective in
eradicating bacteria and biofilms?25. Several years later, Cullen et al. confirmed that

8.25% sodium hypochlorite was even more effective at quickly dissolving pulpal tissue
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while still being safe to dentin’3. Ferrer-Luque et al. found that rotary instrumentation
alone significantly reduces bacterial load independent of either distilled water or sodium
hypochlorite irrigation’4. Therefore, the use of both 8.25% sodium hypochlorite and
rotary instrumentation in all cases in the current study may overshadow any effect
resulting from the removal of the smear layer itself. Another reason smear layer removal
may not affect outcomes relates to the finding of Zhao et al. that 35-56% of the canal
surfaces may remain untouched during mechanical instrumentation, therefore, a smear
layer would not be created on these surfaces’>. These conclusions lend support to the

current study’s findings that removing the smear layer may not be significant.
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CHAPTER 5: Conclusions

Interim results of this prospective double-blind randomized controlled
clinical trial indicate no benefit to smear layer removal during initial endodontic
treatment of permanent teeth. Therefore, the null hypothesis cannot be rejected at
this time. Additionally, it was noted that increased patient age, necrotic teeth, and
teeth with a pre-operative radiolucency and/or sinus tract, all negative impacted

healed rates.
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