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Abstract

REMOVAL OF PREFABRICATED ZIRCONIA CROWNS FROM PRIMARY ANTERIOR
TEETH WITH Er,Cr:YSGG LASER COMPARED TO A HIGH-SPEED HANDPIECE: AN /N-
VITRO STUDY
By: Andrew Crowell, DDS
A thesis submitted in partial fulfillment of the requirements for the degree of Master of Science
in Dentistry at Virginia Commonwealth University.
Virginia Commonwealth University, 2022
Thesis Advisor: Janina Golob Deeb, DDS, MS
Associate Professor, Department of Periodontics

Purpose: The aim of this study was to compare the time and pulpal temperature changes
associated with the removal of prefabricated zirconia crowns from primary anterior teeth using
an Er,Cr:YSGG laser compared to a rotary handpiece.

Methods: This in-vitro study was conducted using extracted primary incisors. Teeth were
prepared and restored with prefabricated zirconia crowns (NuSmile®, Houston, TX, USA) sizes 4
and 5 cemented with resin-modified glass-ionomer cement. Restored teeth were stored in a
humidor for at least 48 hours prior to removing crowns from the teeth using either an air-rotary
handpiece (HG, N=17) or erbium, chromium: yttrium-scandium-gallium-garnet (Er,Cr:YSGG)
laser (LG, N=18). Pulpal temperature was measured inside the pulpal chamber and recorded in
30-second intervals. Removal times and pulpal temperature changes were compared between the
two groups. Following crown removal, one tooth and crown from each group was submitted for
SEM examination to assess morphological changes.

Results: The average time for crown removal for HG was 80.9 seconds (SD=19.36); and 353.3
seconds (SD=110.6) for LG. Removal with the laser took significantly longer by an average of
272.4 seconds (95% CI: 216.8-328.0, p-value<0.0001) and had higher variability than the rotary
handpiece. The maximum observed temperature for HG was 22.2°C (SD=0.85) compared to
27.7°C (SD=1.60) for LG. Laser-assisted crown removal was associated with a maximum
temperature of 5.5°C (95% CI: 4.6-6.4) higher than the handpiece (p-value<0.0001).

Conclusions: Er,Cr:YSGG laser and rotary handpiece can both be used predictably to remove
zirconia crowns from primary anterior teeth. While a rotary handpiece presents a more efficient
method of removal, Er,Cr:YSGG laser offers a viable alternative method.



Introduction

Early childhood caries (ECC) is one of the most common chronic childhood diseases.!
The ECC most commonly begins progressing on maxillary primary incisors, originating as white
spot lesions along the gingival margin and progressing into caries.! If in a timely manner dietary
changes are not made and the caries lesions are not removed and restored, ECC will quickly lead
to teeth becoming non-restorable. Premature primary tooth loss can result in loss of space
maintenance for the erupting permanent dentition.! ECC can not only affect a child’s primary
and permanent dentition but can also have negative consequences on a child’s life due to missed
school days, malnutrition, and a child’s psyche.? Nutritional counseling, oral hygiene instruction,
and fluoride exposure are all important for reducing caries risk. When preventative methods are
not adequate, treating ECC consists of caries removal and replacing lost tooth structure with
fillings, crown restorations or extraction of teeth that are deemed non-restorable.>*

Stainless Steel Crowns (SSC) have been the treatment of choice for restoring carious
lesions on primary teeth.> Cementing SSCs is achieved with glass ionomer cements to provide
fluoride release and bonding to dentin. The SSCs have proven to have higher survival rates
compared to amalgam and composite restorations due to full crown coverage leading to a
decrease in bacterial exposure.> Studies have reported high success rates of around 97% after
placement of SSCs, with the main causes of failure attributed to pathological tooth mobility or
perforation of the crown.” A three-year analysis of 6,288 teeth reported a replacement rate of
1.5% for SSCs compared to 21% for composite restorations.® SSCs feature strong retention and

durability and can be placed using minimal chair time creating a positive patient experience.®
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Although primarily indicated for restoring primary teeth, due to good long-term stability, SSC’s
have become a viable treatment option even for permanent teeth, especially as a restorative
option in the adult population with special needs.” Permanent molars with developmental defects,
traumatic fractures, large carious lesions, or pulp therapy may also be treated with an SSC prior
to the completion of a child’s growth and development.® Children and adolescents with disorders
that affect tooth development, such as amelogenesis imperfecta, dentinogenesis imperfecta, and
hypomineralized or hypoplastic permanent molars can be covered by an SSC as early as possible
to preserve tooth structure.!®!! Covering defective permanent molars can temporarily help
diminish tooth sensitivity, maintain occlusal relationships, and preserve tooth integrity until a
child completes pubescent growth, and the permanent molars can be restored with definitive full
coverage restorations.!®!! The main challenge of SSCs is that the esthetic concern frequently
outweighs their functionality, especially when used on the anterior dentition.’ Due to parental
concern about the SSC’s esthetic disadvantage, more esthetically acceptable SSCs with
composite or ceramic facing were introduced. However, there is still an increased risk of
fracture, poor gingival health, and unesthetic bulkiness associated with veneered stainless steel
crowns.’ Carious anterior teeth are also commonly treated by bonded composite strip crown
restorations with successful esthetic results, but larger carious lesions may lead to a lower
retention rate, especially in children with high caries risk.!?

Over the last few years, esthetic zirconia crowns were introduced into dentistry,
particularly for the restoration of primary anterior teeth. See Figure 1. Prefabricated zirconia
crowns manufactured by NuSmile (NuSmile®, Houston, TX, USA) and Sprig EZ (Sprig®,
Loomis, CA, USA) crowns are two common restorative crowns used for both primary and

permanent teeth.!* Resin Modified Glass Ionomer (RMGI) cements are recommended for



cementing prefabricated zirconia crowns, with the addition of resin components and light-curing
for improved retention and longevity. Zirconia crowns are commonly used in permanent
dentition and have recently gained popularity for use in primary dentition due to improved
gingival health, decreased plaque accumulation, and popular esthetic appeal among patients and
parents.® Zirconia crowns are made of a crystal-like dioxide of zirconium and possess
mechanical properties similar to metal except they have esthetically pleasing tooth-like
coloration.® Prefabricated zirconia crowns have proven to be a successful full coverage
restoration for patients with ECC, especially in the anterior dentition.’ They have a smoother
surface compared to SSCs, resulting in less plaque accumulation and improved bacterial
adhesion properties.’ Some shortcomings of prefabricated zirconia crowns include the need for
significantly more tooth reduction to provide a passive fit for cementation, and more significant
wear on the opposing dentition compared to SSCs.!* However, prefabricated zirconia crowns
have been shown to have a smaller internal gap and more accurate internal fit following
cementation compared to SSCs and veneered SSCs.!*!° The esthetic superiority of zirconia
crowns has led to increased demand from parents, especially when the anterior dentition has to
be restored. Studies have shown comparable success rates for prefabricated zirconia crowns to
those of SSC restorations, which has contributed to increased usage among dental providers and

becoming a popular treatment modality for pediatric patients.’



Figure 1: NuSmile ZR Zirconia Crowns

The removal of a crown can sometimes be indicated due to failures and this may include
recurrent caries, and fractured ceramic components, technical errors like inaccurate cementation,
or the need for replacement with a custom laboratory fabricated crown. Crown removal can often
be a challenging procedure for both the patient and provider.!® While strong cement retention
between the crown and tooth is necessary for longevity, the bond often creates a challenge when
removing crowns. Multiple instruments and techniques have been used to mechanically remove a
crown from the tooth, with the most commonly used technique sectioning a crown with a high-
speed diamond or carbide bur.! Removal of a crown with high-speed handpieces can create an
unpleasant experience for pediatric patients due to uncomfortable vibration and loud noise. The
cements used to cement zirconia crowns are also of similar color to the tooth structure. This can
make distinguishing between cement and tooth structure difficult creating a risk of irreversibly
damaging the underlying tooth.'®!”:1¥ To achieve crown removal with a high-speed handpiece,

the crown must also be sectioned, which renders it non-reusable.'®



One of the emerging advantages of prefabricated zirconia crowns over SSCs is the ability
to remove the crowns with erbium lasers in an atraumatic manner. Laser irradiation offers a
predictable method for debonding zirconia crowns creating minimal to no damage to the tooth or
crown surfaces, and provides a more positive patient experience.'® Erbium family lasers which
are: erbium-doped yttrium, aluminum garnet (Er:YAG) and erbium-doped yttrium scandium
gallium garnet (Er, Cr:YSGQ), are the two most commonly used erbium lasers. They have been
shown to produce less odors, vibration, and noise compared to air rotary instrumentation, and
can be used without the need for a local anesthetic.?’ Er, Cr:YSGG and Er:YAG lasers have
emission wavelengths of 2780 nm and 2940 nm respectively, both of which are absorbed by
chromophores including water, hydrated tissues, residual monomers, and bonding cement
containing water.?! Erbium lasers have multiple functions in the dental setting, including both
hard and soft tissue ablation. (Figure 2) Through a process of thermomechanical ablation, laser
energy light is transmitted through the ceramic crown and is absorbed by water molecules within
the glass ionomer cement resulting in reduced bond strength between the crown and tooth
resulting in a hydrodynamic ejection.?” The benefit of removal with laser ablation compared to a
high-speed handpiece is that the zirconia crowns are retrieved undamaged and can be utilized
again if necessary. Studies have shown laser irradiation can be an efficient and predictable
removal method for prefabricated zirconia crowns in primary and permanent molars, however, to
date, no studies have been conducted on primary anterior teeth. 2

The aim of this in vitro study is to analyze and compare the removal time required, pulpal
temperature changes during the procedure, and differences in ceramic and tooth structure
integrity for removal of prefabricated zirconia crowns from primary anterior teeth using an

Er,Cr:YSGG laser and air rotary high-speed handpiece.



Figure 2: Biolase Waterlase iPlus
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Methods

This in-vitro study was conducted based on eighteen (N=18) primary anterior incisors.
The teeth were extracted due to normal physiological resorption in the Virginia Commonwealth
University (VCU) Pediatric Dentistry clinics. To qualify for inclusion in the study, each tooth
had to be deemed restorable with adequate remaining tooth structure following caries removal
and crown preparation. A sample size of 15-18 in each group has 80% power to detect an effect
size of 1 using a two-group t-test with a 0.05 significance level. Teeth were selected for
appropriate size to accommodate a size 4 or 5 prefabricated zirconia crown on the tooth.
Availability of size 4 and 5 crowns guided that decision but it also provided an experimental
sample of teeth of similar size. Prefabricated zirconia crowns for this study were provided by the
crown manufacturer (Nusmile®, Houston, TX, USA). This indicates that a difference between the
laser and the drill of at least 1 standard deviation would be determined to be statistically
significant.

Teeth were prepared based on the crown manufacturer’s instructions (NuSmile®,
Houston, TX, USA). Tooth preparation was accomplished with an 850012-C tapered-diamond
bur (Premier ®, Plymouth Meeting, PA, USA) using an Adec TG-97L air-driven handpiece
(Henry Schein®, Melville, NY, USA). To allow the crown to seat passively, approximately 1mm
of tooth structure was removed from the incisal surface, the tooth was further reduced
circumferentially creating a feather edge margin, and all line angles were rounded off with no
sharp edges remaining.?® Each tooth was then given a number one through eighteen. Teeth were

separated into three groups of six teeth each. Two different sizes (4 and 5) of prefabricated



zirconia NuSmile crowns (Nusmile®, Houston, TX, USA) were used. Size 4 crown dimensions
are: width 6.87mm, height 6.60mm, and diameter 7.61mm. Size 5 crown dimensions are: width
7.22mm, height 6.93mm, and diameter 8.05mm. The NuSmile (NuSmile®, Houston, TX, USA)
zirconia crown system provides pink try-in crowns that are used to check the fit of the crown and
reduce contamination with blood or saliva prior to cementing the permanent crown.>* This study
was in vitro so did not require the need for pink try-in crowns. Clean, non-contaminated crowns
provide adequate phosphate bonds, which react with the cement on the intaglio surface of the
crown, an important property for retention and prevention of microleakage.?* Prefabricated
zirconia crowns cannot be crimped and therefore depend on the cement to seal off the open
margins and prevent microleakage.**

It is recommended by the crown manufacturer (Nusmile®, Houston, TX, USA) to cement
NuSmile zirconia crowns with a resin-modified glass ionomer (RMGI) cement called BioCem
cement (BioCem Universal BioActive Cement; NuSmile: Houston, TX, USA).?* BioCem has
been shown to have high washout resistance at the margins and it contains unique bioactive
properties including fluoride, calcium, and phosphate release, which initiates hydroxyapatite
formation.?** Finger pressure was used to stabilize the crown on the tooth during tack curing
with a curing light (800-1200 mW/cm?) for five seconds on both the buccal surface and 5
seconds on the lingual surface. Excess cement was removed around the crown margin with gauze
followed by curing for 20 seconds circumferentially for definitive cementation. To prevent
desiccation and to ensure the cement was cured, teeth were stored in a specimen container

separated by soaked gauze (humidor) in 0.9% normal saline for 48 hours prior to crown removal.



Crown Removal Methods

Two different methods were used for crown removal: laser irradiation and air rotary
handpiece. Laser ablation was performed using an Er,Cr:YSGG laser (Waterlase iPlus®,
Biolase®, CA, USA) using settings: 5.0 Watts, 15 Hertz, 50 water, and 50 air with the Turbo
handpiece and M X9 laser tip at a distance of approximately Smm. The range of settings and
handpiece followed manufacture instructions for the crown removal protocol. Laser irradiation
was performed in 30-second intervals in a sweeping motion on buccal and lingual surfaces.
Crown removal was attempted following three minutes of laser irradiation and thereafter every
30 seconds. Crown removal was achieved by placing gauze over the crown to prevent external
damage and performing rotational movement of the crown using a hemostat.

Air rotary handpiece removal was achieved using an Adec TG-97L air-driven high-speed
handpiece (Henry Schein®, Melville, NY, USA) at 400000rpm with water spray using a friction
grip 850012C Course flame diamond bur (Premier ®, Plymouth Meeting, PA, USA). Crown
removal was achieved by cutting the crown in the middle from buccal to lingual surface until it
was split in half and fell off the tooth or was able to be removed with gauze and hemostat. Crown
removal time was recorded for each crown.

Pulpal Temperature Measurements

Pulpal temperature was measured in order to analyze and compare any changes in
temperature that may occur during crown removal using both the laser and air rotary handpiece
technique. A size 330 carbide bur (Henry Schein®, Melville, NY, USA) using an air rotary
handpiece was used to drill a hole through the root of the tooth and directly into the pulp

chamber. The temperature probe (Sper Scientific® 800008, Scottsdale, AZ, USA) was inserted



into the pulpal chamber through an access hole to measure changes in pulpal temperature
throughout the crown removal process. Temperature readings were taken at baseline prior to
crown removal and then recorded every 30 seconds throughout the duration of crown removal.
Crown Removal Groups

In total, 18 crowns were removed with laser irradiation (group LR, N=18) and 17 crowns
removed with an air-rotary handpiece and tapered diamond bur (group HR, N=17).
Teeth 1-6

Size 5 NuSmile zirconia crowns (Nusmile®, Houston, TX, USA) were cemented using
BioCem cement on all six teeth and stored in the humidor at room temperature for at least 48
hours. Laser irradiation on the surface of zirconia crowns was performed using an Er,Cr:YSGG
laser (Waterlase iPlus®, Biolase®, CA, USA) on all six teeth. Following the removal of all size 5
crowns, teeth were cleaned for any residual cement. Size 4 crowns were then cemented using
BioCem cement on the same teeth and removed by laser irradiation following the same protocol.
Size 4 and 5 crowns were selected to compare if the differences in the crown surface area and
amount of cement under the crown have any impact on the removal time. Following the removal
of crowns, teeth were cleaned of any residual cement and prepared for recementation. Teeth 1-3
received size 4 crowns and teeth 4-6 size 5 crowns cemented with BioCem cement. This group
of crowns was removed with an air-rotary handpiece (Henry Schein®, Melville, NY, USA) and
tapered-diamond bur (Premier ®, Plymouth Meeting, PA, USA). The time required to achieve
crown removal and temperature were monitored and recorded at 30 second intervals. Removal
time and temperature changes were compared between laser and air-rotary handpiece removal

techniques.
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Teeth 7-12

This experiment followed the same protocol as experiment 1 but used only size 4 crowns
for laser irradiation. Crowns were cemented on teeth 7-12 with BioCem cement, stored in
Humidor for 48 hours, and removed by laser irradiation. Following laser-assisted crown removal,
tooth 12 was put in a separate moist saline specimen container for scanning electron microscopy
(SEM) (JEOL 6610LV, JEOL, Tokyo, Japan) analysis. SEM was used to evaluate the structural
integrity or damage of the tooth and zirconia crown following laser irradiation. Teeth 7-9 had
size 4 and teeth 10-11 had size 5 crowns cemented and removed via air rotary handpiece (Henry
Schein®, Melville, NY, USA) and tapered-diamond bur (Premier ®, Plymouth Meeting, PA,
USA) measuring the time required for removal and intrapulpal temperature every 30 seconds.
Teeth 13-18

Prefabricated zirconia crowns on teeth 13-18 underwent crown removal only with an air
rotary handpiece (Henry Schein®, Melville, NY, USA) and tapered-diamond bur (Premier®,
Plymouth Meeting, PA, USA). Teeth 13-15 received size 4 and teeth 16-18 size 5 prefabricated
zirconia crowns cemented with BioCem cement. Teeth 13-18 were only removed via air rotary
handpiece in order to eliminate any changes in tooth integrity or damage that could have resulted
from sequential crown removal using the laser irradiation prior to removal with a rotary
handpiece, as was the case for teeth 1-12.

Following crown removal, tooth and crown 18 were stored in a separate moist saline
specimen container for SEM analysis (JEOL 6610LV, JEOL, Tokyo, Japan) to evaluate the

structural integrity or damage of the tooth following air-rotary handpiece removal of the crown.
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Scanning Electron Microscopy Analysis (SEM)

SEM analysis (JEOL 6610LV, JEOL, Tokyo, Japan) was performed to determine the
structural integrity and potential surface damage that may have occurred to the prefabricated
zirconia crowns and the tooth following laser irradiation versus the high-speed rotary handpiece
removal technique.

Statistical Methods

Differences in time and temperature were compared based on the method of removal
(laser vs. drill) with equal and unequal variance t-tests, as appropriate. The significance level was

set at 0.05 level. SAS EG v.8.2 (SAS Institute, Cary NC) was used for all analyses.
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Results

A total of 18 crowns were removed with laser (LR) and 17 with the air rotary handpiece
(HR). One crown from each group was randomly retained for SEM analysis. Twelve unique
crowns were used for laser and air rotary crown removal and six unique crowns were removed
only with an air rotary handpiece in this study. During laser-assisted crown removal, three
crowns (17%) were non-reusable compared to 100% of crowns that were non-reusable using the

air rotary handpiece.

Table 1: Summary of Time to Debond and Changes in Temperature for Debonding with Laser
and Drill

Mean (SD)
Laser (n=18) Drill (n=17)
Debonding Time (seconds) 353.3 (110.61) 80.9 (19.36)
Size 4 337.5(120.76) 83.1(14.91)
Size 5 385 (87.81) 79 (23.37)
Maximum Temperature Recorded (°C) 27.7 (1.59) 22.2 (0.85)
Change in Temperature from Baseline (°C) 2.9 (1.86) 0.2 (1.16)

The average time for zirconia crown removal with the air rotary handpiece was 80.9
seconds (SD=19.36), or 1 minute and 20 seconds. The average time to remove a zirconia crown
using the laser was 353.3 seconds (SD=110.6), or 5:53.3 minutes. Removal with the laser was
significantly longer by an average of 272.4 seconds (95% CI: 216.8-328.0, p-value<0.0001) and
had higher variability than the air rotary handpiece. See Table 1. The time to remove the crown
with the laser was not significantly related to the crown size (p-value=0.4068). However, size 5
crowns did require a marginally longer time to debond (385 vs 337.5 seconds; 95% CI on

difference: -70.7 to 165.7 seconds).
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The maximum temperature recorded during the removal process was also compared
between the two removal methods. The maximum observed temperature with the air rotary
handpiece was 22.2°C (SD=0.85) compared to 27.7°C (SD=1.60) with the laser. Laser use for
zirconia crown removal was associated with a maximum temperature of 5.5°C (95% CI: 4.6-6.4)
higher than with the air rotary handpiece (p-value<0.0001). Additionally, the use of the laser was

also associated with significantly greater variability (p-value=0.0148). See Figure 3.

The change in temperature from baseline was recorded during the removal process and
was compared between the two removal methods. The average temperature change with the air
rotary handpiece was 0.18°C (SD=0.1.16) compared to 2.94°C (SD=1.86) with the laser. ( Figure
5) Laser use for zirconia crown removal was associated with a change in temperature of 2.76°C
(95% CI: 1.69-3.83) higher than with the air rotary handpiece (p-value<0.0001). Additionally,
the use of the laser was also associated with marginally significant greater variability (p-

value=0.0653). (Figure 4)

SEM analysis was performed on both the zirconia crown and tooth structure following air
rotary handpiece and laser removal to compare any differences in structural integrity. Lower
magnifications of 500x revealed cutting streaks on a tooth that had crown removed with an air
rotary handpiece, indicating contact between tooth structure and the bur during removal of the
crown. (Figure 6) Higher magnifications of 5000x or greater, SEM revealed greater opening of
dentinal tubules following air rotary removal and more intact smear layers in the laser removal
group. (Figures 7, 8). The SEM analysis of both crowns removed showed no differences in
crown integrity at low magnifications. Analysis at magnifications 10,000x or more showed
greater amounts of crack lines in the air rotary removal sample, indicating more damage to the

zirconia crown surface compared to the crown removed with the aid of a laser. (Figures 9, 10)
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Figure 3: Comparison of Removal Time by Method
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Figure 5: Comparison of Temperature Change by Method
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Figure 6: Scanning Electron Microscope Image of the Surface of the Tooth at Magnification
500x Following Crown Removal with Air Rotary Handpiece
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Figure 7: Scanning Electron Microscope Image of the Surface of the Tooth at Magnification
5000x Following Crown Removal with Air Rotary Handpiece
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Figure 8: Scanning Electron Microscope Image of the Surface of the Tooth at Magnification
5000x Following Crown Removal with Laser Irradiation using an Er,Cr:YSGG Laser
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Figure 9: Scanning Electron Microscope Image of the Surface of the Zirconia Crown at
Magnification 10,000x Following Crown Removal with an Air Rotary Handpiece
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Figure 10: Scanning Electron Microscope Image of the Surface of the Zirconia Crown at
Magnification 10,000x Following Crown Removal with a Er,Cr:YSGG Laser
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Discussion

This study compared the length of time for removal, changes in pulpal temperature, and potential
underlying tooth damage for both the laser and air rotary handpiece to determine any differences
between removal methods for prefabricated zirconia crowns from primary anterior teeth. There
are currently no published studies that have examined the removal of anterior prefabricated
zirconia crowns with laser debonding, or compared removal methods between laser debonding
and air rotary handpiece techniques. Our results proved that anterior primary zirconia crowns can
be successfully removed and reused using laser debonding, and showed significant differences
compared to the removal with an air rotary handpiece.

Conventional zirconia crown removal is usually accomplished using an air rotary handpiece and
a flame diamond bur in a buccal-lingual motion to section the crown in two pieces, rendering it
non-reusable and creating an added risk of damaging the underlying tooth structure.?® Lasers are
becoming increasingly popular in dentistry with an array of functions.?’ Lasers are often a less
invasive option for a variety of dental treatments, including composite resin removal, veneer
removal, and ortho bracket removal.?®?*3% Recent studies have also shown the benefit of
removing crowns from implant abutments or natural tooth structure, with the ability to preserve
the crown for potential reuse without any underlying damage to the crown or tooth structure.?**!
Erbium lasers have the ability to cut hard tissue, including enamel, dentin, cementum, or bone,
and soft tissue.’? Erbium lasers produce energy of wavelengths 2,780nm to 2,940nm depending

1.33

on the model.”” The wavelength produced by the Er,Cr:YSGG laser used in this study was

approximately 2,780nm. The laser beam travels through the translucent ceramic crown and the
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laser energy is absorbed by the target chromophore water and residual monomers in the luting
cement bonding the crown to the underlying tooth surface.** Through a process of
thermomechanical ablation, micro explosions of water molecules occur and weaken the bond
strength of the cement leading to the debonding of the crown with a low risk of damaging the
underlying tooth structure and integrity of the crown.

Prefabricated anterior zirconia crowns are becoming more prevalent in the field of pediatric
dentistry due to the efficiency of placement and esthetic appeal. They are commonly indicated in
pediatric patients until a definitive permanent crown can be placed following pubescent growth.
Prefabricated crown retrieval may be indicated prior to placing a definitive crown, or in instances
of needing endodontic therapy, recurrent caries, and fractured restorations. If placement during
cementation of the zirconia crown is suboptimal, a laser can be used to remove the crown and
recement it back into a more ideal position. Laser-assisted crown retrieval offers to reduce the
waste of material that would otherwise occur with air rotary handpiece removal. Previous studies
have shown that laser debonding prefabricated zirconia crowns from primary and permanent
posterior molars can be successfully accomplished without damaging the underlying tooth
structure and preserving the crown.?

Removal times with the laser were significantly slower and showed greater variation compared
to the air rotary handpiece. Longer laser removal times could have been related to cement
thickness, and more energy required to ablate the thicker volumes of cement. Previous studies
have shown that greater cement thickness relates to longer debonding times.?® This was further
confirmed in this study with size 5 crowns requiring longer debonding times compared to size 4
crowns. Larger teeth were selected for size 5 crowns, but tooth size in relation to crown size was

not standardized in this study, which could have created greater variances in laser removal times.

21



No external physical changes could be visualized following laser irradiation procedures
compared to evident crown destruction during air rotary handpiece removal. The inability to
observe changes in crown structure during laser removal makes it difficult to determine when the
crown releases from the tooth and could skew the time necessary for crown retrieval. Anterior
prefabricated zirconia crown removal for both laser and air rotary handpiece techniques was
efficiently accomplished in six minutes or less. While air rotary handpiece removal featured
faster retrieval times, this study did not take into consideration the additional time needed for
local anesthetic delivery for pain management. Compared to air rotary handpiece removal, laser
irradiation offers the benefit to deliver pre-emptive analgesia and painless treatment, without the
added time and dental fear associated with a needle-injected local anesthetic.>* Removal of
crowns was standardized with a single provider. It should be noted that removal times of zirconia
crowns with air rotary handpiece could vary depending on the provider's experience, whereas
removal time with the laser is more dictated by laser settings and cement thickness.?’

Thermal stimulation of pulp tissue can occur during crown removal using both laser and air
rotary techniques. Increases in pulpal temperature greater than 5.5°C create an increased risk for
irreversible pulpitis.* In our study neither technique resulted in temperature increases that
exceeded 5.5°C, confirming that both methods can safely remove crowns without creating
irreversible pulpal damage to primary anterior teeth. On average pulpal temperature increased
2.76°C during laser irradiation, while the air rotary handpiece caused an increase of 0.18°C from
baseline temperatures. Laser irradiation also showed more variation in temperature and higher
temperature readings compared to air rotary removal. Differences in pulpal temperature increases
could be attributed to the functionality of each device. Higher temperature readings associated

with laser irradiation could be attributed to longer procedure times, less water spray for cooling,
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and higher energy needed for crown removal. When crowns are removed with an air rotary
handpiece the energy is absorbed on the surface of the crown and further away from the pulp.
Laser energy is absorbed by the underlying chromophore (cement) which is closer in proximity
to the pulp tissue, and thus contributes to a greater increase in pulpal temperature during crown
removal. Pulpal temperature is an important factor to consider when removing crowns from
primary anterior teeth due to the thin layer of remaining dentin that overlies the pulp chamber
following tooth preparation. Adequate water spray is essential to prevent overheating of pulpal
tissues.

The SEM analysis proved that prefabricated zirconia crown removal can be achieved while
maintaining tooth integrity using both air rotary handpiece and laser removal. Laser irradiation of
zirconia crowns on primary anterior teeth showed no underlying tooth damage and fewer surface
irregularities of the crown surface compared to air rotary removal. Evidence of changes in tooth
structure at low magnification following removal with an air rotary handpiece proves there is a
risk of damaging the tooth during crown removal. The air rotary abutment also revealed more
and larger openings of the dentinal tubules compared to laser removal. Greater amounts of open
tubules could result in more post-operative sensitivity following crown removal. Removal of the
crown with an air rotary handpiece is still a proven successful method for crown removal.
Operators must use extra caution while drilling off a crown with an air rotary handpiece to
prevent irreversible damage.

This study includes some limitations that should be addressed with future research on anterior
prefabricated zirconia crown removal. This study was a benchtop experiment, lacking the
variables that would occur in a clinical practice setting treating pediatric patients. Baseline pulpal

temperatures were dependent on the room temperature, which had slight daily variations. The
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lack of vital pulpal tissues and blood circulation with protective cooling mechanisms present in
human subjects could also alter temperature values. Teeth were selected to best fit the available
crowns, sizes 4 and 5. Future studies should standardize the exact tooth structure remaining
following tooth preparation and various prefabricated zirconia crown sizes should be fitted to
ensure consistency and standardization in cement thickness. Forces used to remove the crowns
with the hemostat could have varied depending on cement thickness, size and shape of the tooth,
operator strength, and differences in opposing forces that would be present in a human mouth.
Future experiments should be performed with teeth stabilized in a typodont or with human

subjects to better replicate accessibility with adjacent teeth and oral anatomical structures.
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Conclusion

Anterior prefabricated zirconia crowns can be removed by Er,Cr:YSGG laser irradiation with
underlying RMGI cement. Laser irradiation took a longer time compared to air rotary handpiece
removal, but renders the prefabricated zirconia crown reusable following retrieval. The laser
settings in this study were able to successfully and safely remove anterior prefabricated zirconia

crowns without compromising tooth structure integrity.

25



10.

11.

12.

13.

14.

References

Anil S, Anand PS. Early childhood caries: Prevalence, risk factors, and prevention. Front
Pediatr. Published online 2017. doi:10.3389/fped.2017.00157

Colak H, Diilgergil C, Dalli M, Hamidi M. Early childhood caries update: A review of
causes, diagnoses, and treatments. J Nat Sci Biol Med. Published online 2013.
doi:10.4103/0976-9668.107257

Berkowitz RJ. Causes, treatment and prevention of early childhood caries: a microbiologic
perspective. J Can Dent Assoc. Published online 2003.

Correa-Faria P, Viana KA, Raggio DP, Hosey MT, Costa LR. Recommended procedures
for the management of early childhood caries lesions-A scoping review by the Children
Experiencing Dental Anxiety: Collaboration on Research and Education (CEDACORE).
BMC Oral Health. Published online 2020. doi:10.1186/512903-020-01067-w

Mathew M, Roopa K, Soni A, Khan MM, Kauser A. Evaluation of clinical success,
parental and child satisfaction of stainless steel crowns and zirconia crowns in primary
molars. J Fam Med Prim Care. Published online 2020. doi:10.4103/jfmpc.jfmpc_1006 19
Zahdan BA, Szabo A, Gonzalez CD, Okunseri EM, Okunseri CE. Survival rates of
stainless steel crowns and multi-surface composite restorations placed by dental students
in a pediatric clinic. J Clin Pediatr Dent. Published online 2018. doi:10.17796/1053-4628-
42.3.1

Schiiler IM, Hiller M, Roloff T, Kiihnisch J, Heinrich-Weltzien R. Clinical success of
stainless steel crowns placed under general anaesthesia in primary molars: An
observational follow up study. J Dent. Published online 2014.
doi:10.1016/j.jdent.2014.06.009

Alaki SM, Abdulhadi BS, AbdEIBaki MA, Alamoudi NM. Comparing zirconia to anterior
strip crowns in primary anterior teeth in children: a randomized clinical trial. BMC Oral
Health. Published online 2020. doi:10.1186/s12903-020-01305-1

Sigal A V., Sigal MJ, Titley KC, Andrews PB. Stainless steel crowns as a restoration for
permanent posterior teeth in people with special needs: A retrospective study. J Am Dent
Assoc. Published online 2020. doi:10.1016/j.adaj.2019.10.002

Harika R, Dutta B, Arun P, Teja R. A novel clinical approach for long-term retention and
durability of resin restorations bonded to multiple developmental defects of enamel. J Int
Soc Prev Community Dent. Published online 2016. doi:10.4103/2231-0762.195507
Felemban O, Alagl H, Aloufi W, El Meligy O. Success rate of stainless-steel crowns
placed on permanent molars among adolescents. /nt J Clin Pediatr Dent. Published online
2021. doi:10.5005/jp-journals-10005-1982

Ram D, Fuks AB. Clinical performance of resin-bonded composite strip crowns in
primary incisors: A retrospective study. Int J Paediatr Dent. Published online 2006.
doi:10.1111/5.1365-263X.2006.00680.x

Ajayakumar LP, Chowdhary N, Reddy VR. Use of restorative full crowns made with
zirconia in children: A systematic review. Int J Clin Pediatr Dent. Published online 2020.
doi:10.5005/jp-journals-10005-1822

Al-Haj Ali S. In vitro comparison of marginal and internal fit between stainless steel
crowns and esthetic crowns of primary molars using different luting cements. Dent Res J

26



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(Isfahan). Published online 2019. doi:10.4103/1735-3327.270783

Clark L, Wells MH, Harris EF, Lou J. Comparison of amount of primary tooth reduction
required for anterior and posterior zirconia and stainless steel crowns. Pediatr Dent.
Published online 2016.

Mohammed Al Moaleem M. Systems and Techniques for Removal of Failed Fixed Partial
Dentures: A Review. Am J Heal Res. Published online 2016.
doi:10.11648/j.ajhr.20160404.17

Mollica FB, Camargo FP, Zamboni SC, Pereira SMB, Teixeira SC, Nogueira L. Pulpal
temperature increase with high-speed handpiece, Er:YAG laser and ultrasound tips. J App!
Oral Sci. Published online 2008. doi:10.1590/S1678-77572008000300009

Ghazanfari R, Azimi N, Nokhbatolfoghahaei H, Alikhasi M. Laser aided ceramic
restoration removal: A comprehensive review. J Lasers Med Sci. Published online 2019.
doi:10.15171/jlms.2019.14

Kellesarian SV, Ros Malignaggi V, Aldosary KM, Javed F. Laser-assisted removal of all
ceramic fixed dental prostheses: A comprehensive review. J Esthet Restor Dent. Published
online 2018. doi:10.1111/jerd.12360

Prathima GS, Bhadrashetty D, Babu SBU, Disha P. Microdentistry with Lasers. J Int oral
Heal JIOH. Published online 2015.

Alikhasi M, Monzavi A, Ebrahimi H, Pirmoradian M, Shamshiri A, Ghazanfari R.
Debonding time and dental pulp temperature with the Er, Cr: YSGG laser for debonding
feldespathic and lithium disilicate veneers. J Lasers Med Sci. Published online 2019.
doi:10.15171/jlms.2019.34

Sari T, Tuncel I, Usumez A, Gutknecht N. Transmission of Er:YAG laser through
different dental ceramics. Photomed Laser Surg. Published online 2014.
doi:10.1089/pho.2013.3611

Deeb JG, McCall C, Carrico CK, Dahlke WO, Grzech-Le$niak K. Retrieval of
prefabricated zirconia crowns with Er,Cr:YSGG laser from primary and permanent
molars. Materials (Basel). Published online 2020. doi:10.3390/ma13235569

Stepp P, Morrow BR, Wells M, Tipton DA, Garcia-Godoy F. Microleakage of cements in
prefabricated zirconia crowns. Pediatr Dent. Published online 2018.

The Ultimate Pediatric Cement for Evidence-Based Dentistry .

Deeb JG, Bencharit S, Dalal N, Abdulmajeed A, Grzech-Lesniak K. Using Er:YAG laser
to remove lithium disilicate crowns from zirconia implant abutments: An in vitro study.
PLoS One. Published online 2019. doi:10.1371/journal.pone.0223924

Grzech-Lesniak K, Bencharit S, Skrjanc L, Kanduti D, Matys J, Deeb JG. Utilization of
Er:YAG laser in retrieving and reusing of lithium disilicate and zirconia monolithic
crowns in natural teeth: An in vitro study. Appl Sci. Published online 2020.
doi:10.3390/app10124357

Morford CK, Buu NCH, Rechmann BMT, Finzen FC, Sharma AB, Rechmann P. Er:YAG
laser debonding of porcelain veneers. Lasers Surg Med. Published online 2011.
doi:10.1002/Ism.21144

Dostalova T, Jelinkova H, Remes M, Sulc J, Némec M. The use of the Er: YAG laser for
bracket debonding and its effect on enamel damage. Photomed Laser Surg. Published
online 2016. doi:10.1089/pho.2016.4115

Grzech-Lesniak K, Matys J, Zmuda-Stawowiak D, et al. Er:YAG Laser for Metal and
Ceramic Bracket Debonding: An In Vitro Study on Intrapulpal Temperature, SEM, and

27



31.

32.

33.

34.

35.

EDS Analysis. Photomed Laser Surg. Published online 2018. doi:10.1089/pho.2017.4412
Grzech-Lesniak K, Bencharit S, Dalal N, Mroczka K, Deeb JG. In Vitro Examination of
the Use of Er:YAG Laser to Retrieve Lithium Disilicate Crowns from Titanium Implant
Abutments. J Prosthodont. Published online 2019. doi:10.1111/jopr.13077

Van As G. Erbium lasers in dentistry. Dent Clin North Am. Published online 2004.
d0i:10.1016/j.cden.2004.06.001

Ekworapoj P, Sidhu SK, McCabe JF. Effect of different power parameters of Er,Cr:YSGG
laser on human dentine. Lasers Med Sci. Published online 2007. doi:10.1007/s10103-006-
0426-6

Poli R, Parker S. Achieving dental analgesia with the erbium chromium yttrium scandium
gallium garnet laser (2780 nm): A protocol for painless conservative treatment. Photomed
Laser Surg. Published online 2015. doi:10.1089/pho.2015.3928

Zach L, Cohen G. Pulp response to externally applied heat. Oral Surgery, Oral Med Oral
Pathol. Published online 1965. doi:10.1016/0030-4220(65)90015-0

28



	REMOVAL OF PREFABRICATED ZIRCONIA CROWNS FROM PRIMARY ANTERIOR TEETH WITH Er,Cr:YSGG LASER COMPARED TO A HIGH-SPEED HANDPIECE: AN IN- VITRO STUDY
	Downloaded from

	Microsoft Word - Thesis-Zirconia Crown Final

