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ABSTRACT

Introduction: Permanent cemented restorations, such as crowns, bridges, and inlays, are integral to
restorative dentistry due to their durability and functional benefits. However, their removal remains
challenging, as conventional techniques often risk damaging the underlying tooth structure. Recent
advances, including laser-assisted and ultrasonic methods, offer minimally invasive alternatives that
improve safety and efficiency. This systematic review aims to evaluate and compare contemporary
techniques developed for the intact removal of permanently cemented restorations, assessing their
efficacy, safety, and clinical applicability relative to traditional methods.

Methods: A comprehensive search was conducted across PubMed, Scopus, Web of Science, and
Google Scholar for studies published between 2000 and 2024. Keywords included ‘“cemented
restorations,” “‘crown removal,” “laser-assisted debonding,” and “ultrasonic instruments.” Studies
focusing on mechanical, chemical, laser-assisted, and ultrasonic techniques for restoration removal
were included. Data extraction focused on technique type, mechanism of action, outcomes, and clinical
success. Narrative synthesis was performed due to heterogeneity among studies.

Results: Thirty-five studies met the inclusion criteria. Laser-assisted techniques, particularly erbium
lasers, demonstrated success rates up to 64% for all-ceramic restorations with minimal damage to
underlying tissues. Ultrasonic instruments effectively disrupted cement layers through vibration and
cavitation, offering conservative removal. Specialized mechanical and electrochemical devices showed
potential for improved efficiency and restoration reusability. Traditional mechanical and chemical
methods, though effective, carried a higher risk of tooth and restoration damage.

Conclusion: Modern removal techniques, particularly laser and ultrasonic systems, provide safer
and more conservative alternatives to traditional methods. Their integration into clinical practice
can improve patient outcomes, reduce complications, and enhance the longevity of dental structures.
Continued research and technological refinement are warranted to standardize protocols and further
improve clinical efficiency.

Keywords: Cemented Restorations; Clinical Outcomes; Dental Cements; Laser-Assisted Removal,
Prosthodontics; Restoration Debonding; Ultrasonic Instruments.

INTRODUCTION as crowns, bridges, inlays, and onlays that

. restore the function, structure, and aesthetics
cemented restorations are

| ) ermanent
a cornerstone of restorative dentistry,
encompassing a wide range of treatments such

of compromised teeth.! These restorations are
typically luted using durable dental cements,

including =zinc phosphate, polycarboxylate,
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each offering unique advantages in terms of

bonding, biocompatibility, and longevity.?
Despite their clinical success, the removal of
permanently cemented restorations presents

a considerable challenge. The adhesive bond
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formed between the restoration and the tooth
structure strengthens over time, rendering
removal procedures complex and potentially
traumatic.® Traditional approaches, such as
sectioning the restoration or using rotary
instruments, often compromise the integrity of
both the prosthesis and the underlying tooth,
which can occasionally result in irreversible
pulpal or periodontal damage.

With advances in dental technology, minimally
invasive techniques for the intact removal
of restorations have emerged. Innovations
such as laser-assisted debonding, ultrasonic
vibration systems, and specialised removal
devices have offered enhanced precision,
improved patient comfort, and the possibility
of restoration reuse.*®
designed to selectively weaken or disrupt the
cement layer without causing collateral tissue
damage, representing a paradigm shift from
destructive to conservative clinical approaches.
While several narrative reviews have discussed
restoration removal techniques, few studies
have systematically compared and synthesised
evidence regarding their clinical efficacy,
safety, and cost-effectiveness. Given the
growing adoption of digital and energy-based
technologies in prosthodontics, a structured
evaluation of these techniques is warranted.

These methods are

This systematic review aims to identify, evaluate,
and compare existing techniques for the removal
of intact, permanently cemented restorations.
The review focuses on assessing efficacy in
terms of success rates, time efficiency, and
restoration integrity; safety with regard to tooth
preservation and patient comfort; and clinical
applicability, including cost-effectiveness
and ease of use. The review is guided by the
following research framework: the population
includes patients or in vitro models involving
permanently cemented dental restorations;
the intervention comprises advanced removal
techniques such as laser-assisted, ultrasonic,
or specialised devices; comparisons are drawn

against traditional mechanical or chemical
removal methods; and outcomes are defined
as successful, intact restoration removal with
minimal tooth or tissue damage. Through this
systematic synthesis, the review seeks to provide
clinicians with an evidence-based perspective
on current and emerging removal strategies that
enhance clinical outcomes while minimising
procedural risks.

METHODS

A comprehensive literature search was
conducted across multiple electronic databases,
including PubMed, Scopus, Web of Science,
Google Scholar, and ScienceDirect, covering
publications from January 2000 to August 2024.
The search strategy was designed to capture
all relevant studies addressing the removal
of permanently cemented restorations. The
following search terms and Boolean operators
were used: (“cemented restorations” OR “fixed
dental prosthesis” OR “crown removal” OR
“bridge debonding”) AND (“laser-assisted” OR
“ultrasonic” OR “mechanical” OR “chemical”
OR  “restoration techniques”).
Reference lists of selected articles and related

removal

review papers were manually screened to
identify additional eligible studies not captured
in the database search. Duplicate records were
removed before screening.

Studies were selected according to predefined
inclusion and exclusion criteria. Eligible
studies included clinical, in vitro, and ex vivo
investigations evaluating techniques for the
removal of permanently cemented restorations.
Research comparing advanced methods such
as laser-assisted, ultrasonic, or specialised
techniques with conventional mechanical or
chemical approaches was considered. Only
articles published in English and available in
full text with sufficient methodological and
outcome details were included. Excluded
studies comprised case reports lacking
detailed methodology, investigations involving
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temporary or provisional cements, and articles
unrelated to restoration removal,
those focusing solely on cement composition.
Editorials, letters to the editor, and non-peer-
reviewed abstracts were also excluded.

such as

Two reviewers independently screened titles
and abstracts for relevance, and full texts of
potentially eligible articles were retrieved for
assessment. Any disagreements regarding
eligibility were resolved through discussion
and consensus. The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines were followed for
documentation and reporting. Based on the
PRISMA flow, a total of 412 records were
identified through database searching, of which
312 remained after duplicates were removed.
Sixty-eight full-text articles were assessed for
eligibility, and thirty-five studies were included
in the final review.

Data were extracted using a standardised
form, recording the author(s), year, study
design, type of restoration, and cement used,
as well as the technique or method employed
(mechanical, chemical, laser, ultrasonic, or
specialised). Key outcomes included efficacy,
safety, and preservation of integrity. Given the
methodological heterogeneity among studies,
a narrative synthesis approach was adopted
instead of a meta-analysis. Comparative analysis
focused on the effectiveness, limitations, and
clinical relevance of each removal approach.
The quality of the included studies was
assessed using validated tools appropriate to
the study design. In vitro and ex vivo studies
were evaluated using a modified CONSORT
checklist, and clinical studies were assessed
using the Joanna Briggs Institute (JBI) critical
appraisal tool. Each study was categorised as
low, moderate, or high risk of bias. Studies
with insufficient methodological details were
excluded from quantitative assessment but were
included in qualitative synthesis when deemed
clinically relevant.
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RESULTS

Thirty-five studies published between 2000
and 2024 met the inclusion criteria. These
included both in vitro and clinical investigations
examining various approaches for the removal
of permanently cemented restorations. The
identified methods were broadly classified as
mechanical, chemical, laser-assisted, ultrasonic,
and specialised removal systems incorporating
enhanced visualisation. Each technique was
evaluated in terms of its efficacy, safety, and
impact on restoration integrity.

The complexity of restoration removal was
found to depend on multiple clinical and
material-related factors, including the type of
cement used, the age of the restoration, the extent
of coverage, and the material composition.'*!?
Strongly bonded resin-based cements increased
the difficulty of removal, while older restorations
often exhibited hardened cement layers resistant
to debonding. Patient factors such as anxiety,
pain tolerance, and aesthetic expectations also
influenced technique selection, highlighting
the need to balance efficiency with tooth
conservation and patient comfort.

Common challenges identified across studies
are summarised in Table 1. Variations in
cement solubility and strength affected ease of
removal and risk of substrate damage. Complex
prosthesis designs, such as porcelain-fused-
to-metal (PFM) crowns or long-span bridges,
exhibited greater resistance to removal and an
increased risk of fracture during debonding. A
longer cementation duration correlated with
stronger cement interfaces, requiring higher
energy or an extended procedural time. Access
to modern tools such as lasers and ultrasonic
units varied by clinical setting, directly affecting
procedural safety and success rate. Inappropriate
or forceful removal techniques were associated
with enamel microcracks and pulpal irritation,
whereas pain and intraoperative discomfort
influenced patient compliance and satisfaction.
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Table 1: Major Challenges in Removing Permanently Cemented Restorations

Challenge Description Clinical Impact
Variations in solubility and strength .
: ) Determines ease of removal and
Type of Cement Used among resin-based, glass ionomer, and

zinc phosphate cements
Complex designs (PFM crowns, long-

span bridges) increase resistance to

Restoration Type and Design
removal

Duration of Cementation .
cement interfaces

Availability of modern tools (lasers,

Technological Limitations
Risk of Tooth Damage

Patient Comfort

ultrasonics) varies by clinic
Forceful or inappropriate techniques

can cause pulp or enamel trauma

Pain or sensitivity during removal

risk of substrate damage

May increase fracture risk during
debonding

Long-term restorations exhibit stronger Requires higher energy or longer

procedure time
Affects safety, success rate, and

procedure cost
May necessitate additional

endodontic or prosthodontic care
Impacts patient compliance and
satisfaction

DISCUSSION

This systematic comprehensively
evaluated contemporary methods for the intact

review

removal of permanently cemented restorations,
integrating evidence from clinical and in vitro
studies published between 2000 and 2024. The
findings reveal a clear transition in prosthodontic
practice  from  destructive = mechanical
approaches toward minimally invasive and
technology-assisted methods, including laser
systems, instrumentation, and

specialised removal devices. Collectively, these

ultrasonic

innovations emphasise the goals of preserving
tooth structure, minimising patient discomfort,
and improving restoration reusability.

Historically, the removal of cemented
restorations relied primarily on mechanical
sectioning or lever-type crown removers. While
predictable, these methods were inherently
invasive and often resulted in loss of the
restoration, enamel trauma, and occasional
pulpal injury."”2? The introduction of chemical
solvents provided some conservative relief
by softening resin or glass ionomer cements;
however, their inconsistent efficacy and
potential to irritate surrounding tissues limited

broad clinical acceptance.”**

Recent advances in laser and ultrasonic systems
have transformed the removal process. The Er:
YAG and Er, Cr: YSGG lasers, in particular,
exploit the optical absorption properties of the
cement’s water content to create controlled

cement
25-28

micro-explosions, weakening the
interface without damaging the restoration.
Similarly, ultrasonic devices generate high-
frequency vibrations that facilitate cement
debonding through cavitation and acoustic
non-destructive

streaming,  offering a

alternative.3>3¢

Evidence from multiple studies supports the
superior efficacy and safety of these modern
systems. Laser-assisted techniques have
achieved debonding success rates of up to
64% for all-ceramic restorations, with minimal
to pulpal tissues.’!
Ultrasonic systems, when properly applied

thermal transmission
with coolant, effectively disrupt cement layers
and remove crowns or bridges without enamel
damage.**” Compared with traditional cutting
or prying methods, these advanced technologies
markedly reduce the risk of iatrogenic injury
and postoperative sensitivity. Moreover, the
ability to remove restorations intact facilitates
reuse in cases such as temporary removal for
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endodontic retreatment or cement revision.
From a patient perspective, reduced chair time
and discomfort improve treatment acceptance
and satisfaction.3*#

Although laser and ultrasonic systems require
substantial initial investment and operator
training, their long-term cost-effectiveness
arises from decreased retreatment frequency,
reduced material waste, and improved clinical
predictability [45,46]. The high cost of laser
devicesremainsabarrierinlow-resourcesettings;
however, ongoing technological diffusion and
the introduction of compact portable units are
expected to improve accessibility. Specialised
devices such as the WAM key provide a cost-
efficient compromise, combining mechanical
precision with minimal trauma. Their short
learning curve and consistent outcomes make
them suitable for general practice. Digital
visualisation and magnification aids, including
loupes, microscopes, and CAD/CAM systems,
further enhance procedural accuracy and safety
during complex debonding procedures.*'*

The integration of digital dentistry, 3D imaging,
and artificial intelligence promises to further
refine the removal of restorations. Digital
scanning can provide real-time feedback on
cement layer thickness, while Al-assisted
systems may help predict debonding force
thresholds and optimise laser or ultrasonic
parameters. Additionally, 3D-printed crown
removal tools with customisable angulations
are being evaluated experimentally and may
offer tailored clinical solutions in the future.*’-3
Emerging electrochemical and piezo-vibrational
systems also show potential for selective cement
degradation without physical intervention.
These developments represent the next phase of
minimally invasive prosthodontics, emphasising
precision, personalisation, and preservation.

Despite these advancements, several limitations
within the current evidence base were identified.
Many studies remain in vitro, with limited clinical
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trials validating long-term outcomes. Variations
in cement type, restoration material, and energy
settings complicate direct comparisons, while
most reports lack standardised measurement
of cement-weakening efficiency or thermal
effects on pulp. Furthermore, few studies assess
patient-centred outcomes such as comfort,
anxiety reduction, or satisfaction. Consequently,
while the reviewed evidence supports the use
of advanced techniques, further randomised
controlled trials (RCTs) and meta-analyses
are required to establish standardised clinical
protocols.

From a clinical standpoint, adopting energy-
based and digitally guided methods can
dramatically enhance restorative practice.
Laser-assisted removal is ideal for all-ceramic
and zirconia restorations where precision and
preservation are paramount. Ultrasonic methods
are particularly effective for metal-ceramic
or cemented bridgework requiring minimal
trauma, while specialised mechanical devices
provide practical and economical options for
general dental setups. The integration of these
technologies supports the broader goals of
minimally invasive dentistry, emphasising
the conservation of biological tissues while
maintaining procedural efficiency and patient
comfort.**!

CONCLUSION
This
progressive evolution of techniques for the

intact of permanently cemented
restorations, reflecting a decisive shift in modern

systematic review  highlights  the

removal

prosthodontic  practice toward minimally
invasive, technology-driven approaches.
Conventional mechanical and chemical

methods, though effective, carry significant
risks of tooth damage, restoration loss, and
patient discomfort. Laser-assisted, ultrasonic,
and specialised removal systems demonstrate
superior clinical outcomes through enhanced
precision, reduced operative trauma, and greater
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potential for restoration reuse. Erbium-based
lasers (Er: YAG and Er, Cr: YSGG) exhibit
the most promising results for all-ceramic

restorations,
offer reliable outcomes

while ultrasonic instruments

for metal-ceramic

prostheses. Despite these advancements, future

research should focus on standardising laser and

ultrasonic parameters (energy levels, frequency,

exposure duration) for different restoration

materials and cement types.
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