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Patient-centered Outcomes
in Modern Endodontic
Microsurgery: A Narrative Review
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ABSTRACT

Endodontic Microsurgery (EMS), a minimally invasive approach to root canal treatment, has seen a notable increase in popularity
due to its potential for enhanced outcomes. The present review seeks to evaluate the current state of Patient-Centered Outcomes
(PCOs) in contemporary EMS, focusing on comparative analyses of surgical techniques, adjunctive therapies and the influence
of technological advancements. The literature was examined to assess the effectiveness of various microsurgical techniques,
including lasers, ultrasonic instrumentation and specialised irrigation solutions. Furthermore, the role of adjunctive therapies,
such as regenerative techniques and antimicrobial agents, in improving treatment outcomes has been discussed. The impact
of technological advancements, such as digital radiography and 3D imaging, on the precision and efficiency of microsurgical
procedures is also explored. By providing a comprehensive overview of the existing evidence, the present review will assist
clinicians in making informed decisions regarding the selection of microsurgical techniques and adjunctive therapies to optimise
patient outcomes.
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INTRODUCTION

The EMS, a specialised technique involving the use of a surgical
microscope for root canal procedures, has emerged as a valuable
tool in modern dentistry [1]. This approach offers enhanced
visualisation and precision, allowing for more accurate and effective
treatment of complex endodontic cases [2].

Over the years, EMS has undergone significant advancements, with
the introduction of newer technologies, surgical techniques and a
growing emphasis on PCOs. These developments have contributed
to improved treatment success rates and enhanced patient
satisfaction [Table/Fig-1] [3]. Advanced imaging technologies, such
as Cone Beam Computed Tomography (CBCT), have revolutionised
the field of dentistry, providing more accurate and detailed
information about dental structures. In particular, CBCT has proven
to be invaluable in endodontics and the treatment of tooth infections.
One significant advantages of CBCT is its ability to create three-
dimensional images of the teeth and surrounding tissues. Kolarkodi
SH reviewed the 804 studies on CBCT, highlighting its significance
in endodontics, particularly in assessing root morphology and
revealing a high prevalence of single canals in maxillary incisors [4].
By understanding the root canal anatomy, dentists can improve
the success rate of root canal treatments and reduce the risk of
complications. Additionally, CBCT can be used to guide surgical
procedures, such as root-end resection. By visualising the root canal
anatomy in three dimensions, dentists can more accurately locate
and remove infected tissue, minimising the risk of damaging healthy
structures [5]. While apical surgery remains a valuable treatment
option for persistent or recurrent dental infections, the success of
this procedure depends on effective root-end filling [6]. CBCT can
help ensure that the root-end cavity is adequately prepared and
that the filling material is placed correctly, thereby improving the
chances of long-term healing. By providing detailed information
about root canal anatomy and guiding surgical procedures, CBCT
has the potential to improve patient outcomes and reduce the need
for more invasive treatments [7,8].

Patient-centered care in surgical endodontics prioritises the
patient’s needs, preferences and values in treatment decisions. Key

principles include active patient involvement, empathy, respect for
autonomy, effective communication and pain management. Dental
professionals should show empathy, respect patient autonomy
and prioritise pain management throughout the procedure and
postoperative period for patient comfort and satisfaction [9,10].

Patient-centred outcomes in surgical endodontics

Stage1

Patient assessment Diagnosis and treatment planning

s« Medical and dental history « Identify endodontic pathology

*  Clinical examination « Discuss treatment options

« Radiographic evaluation « Obtain informed consent

Stage 2

Microsurgical procedure Adjunctive therapies (as needed)

s Access preparation = Regenerative techniques

« Rootcanal cleaning and * Antimicrobial therapy

shaping = Periodontal therapy

e [Irrigants and disinfectants

Stage 3

=  em e

Postoperative care Long-term outcomes

« Pain management « Pain relief

» Healing assessment « Functionrestoration

« Prevention of root canal
failure

« Follow-up appointments

« Patient satisfaction

[Table/Fig-1]: Flowchart depicting Patient-Centered Outcomes (PCOs) in surgical

endodontics [3].
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Traditional endodontic practices often relied on two-dimensional
imaging and manual techniques, which posed limitationsinaccurately
identifying complex canal anatomies and lesions [3]. In contrast,
modern endodontics integrates advanced imaging modalities like
CBCT and microsurgical techniques, enabling a higher degree of
precision and reducing procedural errors [11]. These refinements
in surgical techniques, such as ultrasonic instrumentation and
microsurgical sutures, have led to improved healing and reduced
postoperative complications. Adjunctive therapies, such as platelet-
rich fibrin and Platelet-rich Plasma (PRP), have shown promise in
tissue healing and inflammation reduction. Standardised Patient-
reported Outcome (PRO) measures have also been developed
for a more comprehensive evaluation of treatment success [12].
The comparison highlights the paradigm shift from invasive, less
predictable treatments to minimally invasive procedures with
enhanced outcomes, further aligning with the principles of patient-
centered care. Hence, the present review aimed to provide a
comprehensive overview of the evolution of EMS, highlighting key
advancements in surgical techniques, adjunctive therapies and
PCOs.

LITERATURE SEARCH

A thorough literature search was conducted using the following
databases: PubMed, Scopus, Web of Science and Google Scholar.
Relevant studies were identified using keywords such as “EMS,”
“surgical techniques,” “adjunctive therapies,” “patient-centered
outcomes,” “CBCT,” and “3D-printed surgical guides.”

Data points extracted from each study included study design, sample
size, intervention, outcome measures, key findings and conclusions.
The extracted data were analysed using a thematic approach to
identify common themes and patterns. The studies were compared
to identify similarities and differences in techniques, outcomes and
conclusions. Emerging trends and future directions were discussed
based on the findings of the included studies, specifically assessing
the impact of Cone Beam Computed Tomography (CBCT) in
Endodontic Microsurgery (EMS).

The EMS uses CBCT to treat complex cases of apical periodontitis.
CBCT provides detailed three-dimensional images of the tooth
and surrounding tissues, improving patient outcomes by reducing
postoperative swelling and discomfort. It also shortens surgical time
by providing accurate presurgical planning [13,14].

The study done by Gurusamy K et al., compared the impact of
periapical surgery on quality of life and healing outcomes using
CBCT imaging versus Periapical Radiographs (PR). The results
showed that CBCT patients experienced less early postoperative
swelling and limitations in general functions compared to PR patients
[12]. Preoperative CBCT had no significant impact on other quality-
of-life parameters or intraoperative complications in patients with
moderate risk but provided surgically relevant anatomical information
for presurgical planning and reduced operative time [15].

Dhamija R et al., evaluated EMS in large periapical lesions using
PRP at 1-year and 5-year follow-ups. The results showed an
improvement in the overall success rate from 66.7% at 1 year to
83.3% at 5 years. PRP group showed better 3D healing and a
higher number of completely healed teeth. The RACB index, using
CBCT, improved the estimation of healing [16].

Another study by Dhamija R et al., evaluated the effectiveness of PRP
in the healing of periapical lesions using 2-dimensional radiographs
and 3D CBCT imaging. The results showed a 93.7% success rate
for both groups, with PRP showing a faster re-establishment of the
palatal cortical plate. CBCT imaging provided better postsurgery
assessment [17].

The study examined the impact of collagen membranes on healing
through-and-through periapical lesions using 2D and 3D imaging
techniques. A total of 30 patients with radiolucencies were divided
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into groups with and without Guided Tissue Regeneration (GTR).
Results showed a significant reduction in lesion size, but no benefit
from collagen membrane. Both CBCT and PA allowed similar
healing assessments [18].

CBCT also enhances treatment planning by providing detailed
anatomical information about complex root canal anatomy, enabling
more accurate measurement of bone levels and identification of
potential obstacles. This combination of CBCT and EMS offers
significant benefits for patients and clinicians [19].

DISCUSSION

Automated endodontic/periapical lesion detection for
patient-centered outcomes in surgical endodontics: Applying
automated detection systems for endodontic and periapical lesions
holds significant promise for improving patient-centered outcomes
(PCOs) in surgical endodontics [Table/Fig-2]. These systems utilise
deep learning methods like Convolutional Neural Networks (CNNs)
and Deep Learning Algorithms (DLAs) and have been explored
with various imaging modalities like CBCT scans, Panoramic
Radiographs (OPGs) and PRs. Studies have successfully detected
and classified lesions, with applications ranging from non invasive
differential diagnosis to accurate diagnosis and lesion classification
for apical pathosis [20,21].

Imaging
Authors Method modality Lesion type Application
L Non invasive
OkadaKet | np cBCT Periapical differential
al., [23] lesions ’ .
diagnosis
Birdal RG et Discrete Wavelet . . Examining
al., [24] Transform (DWT) OPGs Apical lesions radiographs
Ekert T et al., . . Lesion
[25) Deep CNN OPGs Apical lesions detection
Endres MG et | Deep Learning Periapical P.e riapical
) OPGs . disease
al., [26] Algorithm (DLA) lesions .
detection
Orhan K et al., . . Accurate
27] Deep CNNs CBCTs Apical pathosis diagnoses
Setzer FC et Periapical Lesion
al., [28] DLA CBCTs lesions detection
ChenHetal., ’ Lesion
29] Deep CNNs PRs Dental disease detection
LiCWetal, Standardised . . Lesion
[30] CNNs image database Apical lesions detection
Pauwels R et Convolutional Sg::'ﬁt;? Periapical Lesion
al., [31] CNNs P . P lesions detection
lesions
Calazans MAA | CNN-based CBCTs Apical lesion Diagnostic
etal, [32] Siamese Network classification support
Hamdan MH Dentist Al DL PRs Apical diagnostic
etal., [33] Tool radiolucency’s | tool
Kirnbauer B et Osteolytic Lesion
al., [34] Deep CNNs CBCTs apical lesions detection
Dental Lesion
LiSetal,[35] | DLM PRs caries, Apical .
. " detection
periodontitis
Moidu NP et . . Lesion
al., [36] CNNs PRs Apical lesions classification
Vasdev D et Pipelined Deep ’ Disease
al, [37] NN model PRs Dental disease classification
v (AlexNet)
Issa Jetal, Diagnocat Al PRs Apical Lesion
[38] System periodontitis detection

[Table/Fig-2]: Automated endodontic/periapical lesion detection for Patient-Cen-
tered Outcome (PCOs) in surgical endodontics [23-38].

DWT: Discrete wavelet transform; DLA: Deep learning algorithm; DLS: Deep learning systems;
PAI: Periapical index; DSR: Digital subtraction radiography; PR: Periapical radiographs

This technology offers several advantages for patient care. By
enabling earlier and more precise detection of periapical lesions,
these systems can facilitate timely surgical intervention, potentially
reducing the need for more extensive procedures and improving
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treatment success rates [20]. Additionally, by leveraging readily
available radiographs like PRs, these systems can potentially improve
accessibility to diagnosis in resource-limited settings. Overall, the
integration of automated lesion detection in surgical endodontics
has the potential to enhance diagnostic accuracy, improve treatment
planning and ultimately lead to better patient outcomes [22]. The
application of automated endodontic/periapical lesion detection for
PCOs in surgical endodontics is illustrated in [Table/Fig-2] [23-38].

Patient-centered outcomes in Endodontic Microsurgery
(EMS): Endodontics is increasingly focusing on PCOs and PROs
to evaluate the effectiveness of treatments for conditions such as
pulpitis and apical periodontitis [39].

Patient-centered Outcomes (PCOs): These are objective,
clinician-assessed measures derived from non patient data, such
as radiographic healing, the absence of infection and the restoration
of normal tooth function. They provide critical insights into the
technical success and clinical efficacy of endodontic procedures,
often relying on diagnostic tools like CBCT or radiographs [39].

Patient-reported Outcomes (PROs): These are subjective outcomes
directly reported by patients, encompassing aspects like pain levels,
ease of chewing and overall satisfaction with the treatment.

PROs offer a unique perspective on the patient’s experience,
emphasising functional status, symptom relief and health-related
quality of life [40].

By integrating both PCOs and PROs, endodontic research and
practice can provide a more comprehensive evaluation of treatment
effectiveness. Limited evidence suggests high tooth survival rates
and minimal need for intervention; however, the relationship between
oral health-related quality of life and endodontic treatment remains
underexplored. The studies reviewed here highlight significant
advancements in Endodontic Microsurgery (EMS). Initially focused
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on improving surgical technique and outcomes, research has
shifted towards patient-centered approaches, evaluating not only
clinical success but also patient satisfaction, quality of life and pain
management [Table/Fig-3] [41-53].

Technological advancements, such as the use of CBCT and 3D-
printed surgical guides, have further enhanced the precision and
accuracy of microsurgery. Overall, these studies highlight the
growing emphasis on providing not just effective but also patient-
friendly endodontic care.

Zhao D et al., designed 3D-printed surgical guide and tested its
accuracy in endodontic microsurgeries. The guide was applied to
seven patients who underwent upper anterior teeth endodontic
microsurgeries, while the control group had no guide. CBCT and
oral digital scanning data were used to reconstruct 3D models of
periapical lesions. The guides showed better apical resection length
and angle deviations compared to the control group. The 3D-
printed guide improved the accuracy of EMS by fixing the position
and angle of apectomy [51].

A retrospective cohort study evaluated the long-term healing
outcomes of EMS patients over 10-17.5 years. Results showed
an 80.5% 10-year survival rate with 63.4% success. Factors such
as tooth type, mobility, preoperative lesion size, clinical crown-
to-root ratio and crown restorations were significantly associated
with success and survival over 10 years. The study suggests that
preoperative status and tooth condition may be key prognostic
determinants [53].

Recent techniques in endodontic pain management aim to improve
patient outcomes. Endodontic pain management has seen recent
advancements, incorporating techniques like Gamma-aminobutyric
Acid (GABA)ergic signalling, acupuncture, in-silico modulation and
Low-level Laser Therapy (LLLT) [54].

Publica-
Study tion year Intervention Outcome measure Key findings Patient-centered benefit
Timock AM et al., 2011 CBCT measurement Accuracy and reliability CBCT provided accurate and reliable Improved surgical planning and
[41] representations of buccal alveolar bone treatment
dimensions
Setzer FC et al., [1] 2012 Microsurgery with vs. Success rates Microsurgery with magnification had Improved surgical outcomes
without magnification higher success rates
Del Fabbro M et al., 2012 Platelet concentrate vs. Pain, swelling, function The platelet concentrate group had less Faster return to normal activities
[42] control pain, swelling and improved function
Kurt SN et al., [43] 2014 Periradicular surgery using | Outcomes of surgery Conventional radiography vs. CBCT Improved surgical planning
vestibular approach
Angerame D et al., 2015 Endodontic surgery with Pain, radiographic PRF group experienced less pain and Reduced discomfort and
[44] vs. without PRF healing faster healing potentially faster recovery
Chen | et al., [45] 2015 Root-end microsurgery Healing assessment RRM showed superior healing Potential for improved tissue
using MTA vs. RRM healing
Soto-Pefaloza D et 2020 Endodontic surgery Pain, quality of life A-PRF+ membrane improved Reduced discomfort and
al., [46] with vs. without A-PRF+ postoperative quality of life improved healing
membrane
Azim AA et al., [47] 2021 Endodontic Microsurgery Success and survival CBCT may provide more information for Improved surgical precision
(EMS) using PA vs. CBCT | rates, prognostic factors | surgical planning
Bharathi J et al., [48] | 2021 Endodontic Microsurgery Postoperative pain, Piezo group experienced less pain and Faster recovery and improved
(EMS) using piezoelectric swelling, and analgesic swelling and needed fewer painkillers improved quality of life
device vs. control use
Vieth MP et al., [49] 2022 Endodontic surgery Postoperative pain and Dexamethasone significantly reduced Reduced discomfort after
with vs. without swelling pain and swelling surgery
dexamethasone
Zhang MM et al., [50] | 2023 Endodontic Microsurgery Radiographic healing High success rate (88.5% complete Predictable outcomes
(EMS) healing), lesion type and root filling quality
affect outcome
Zhao D et al., [51] 2023 3D-printed surgical guide Apical resection accuracy | Improved accuracy of surgery (length Potentially faster surgery and
for microsurgery and angle) better outcomes
Al-Nazhan S [52] 2024 Endodontic Microsurgery Clinical and radiographic | 100% tooth survival, 91.66% complete/ High success rate
(EMS) by residents exam incomplete healing
Yoo YJ et al., [53] 2024 Endodontic Microsurgery Clinical and radiographic | 80.5% survival rate at 10 years, tooth Improved prognosis
(EMS) exam (10+ years) condition impacts long-term success

[Table/Fig-3]: Automated endodontic/periapical lesion detection for Patient-Centered Outcome (PCOs) in surgical endodontics [1,41-53]. DWT: Discrete wavelet transform;

DLA: Deep learning algorithm; DLS: Deep learning systems; PAI: Periapical index; DSR: Digital subtraction radiography;

R: Periapical radiographs
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The GABAergic signalling, utilising the presence of functional GABA
receptors in inflamed dental pulp, shows promise in managing
endodontic pain [55]. Acupuncture, when combined with local
anaesthesia, has been explored as a complementary therapy to
reduce patient anxiety and minimise the need for oral analgesics [56].

In-silico modulation targets the inhibition of IL-8 in inflamed periapical
tissues, employing small molecules like ZINC14613097 [57]. LLLT,
which harnesses laser photonic energy during root canal procedures,
has also gained attention as a potential pain management strategy,
but its effectiveness remains debated [58]. More randomised
controlled trials are needed to determine its effectiveness. [Table/
Fig-4] compares endodontic techniques and adjunctive therapies
for managing endodontic pain, aiming to improve patient outcomes
and oral health.

Technique or

therapy Advantages Disadvantages

Traditional Less invasive, often Limited visibility and

endodontics suitable for simpler cases | accessibility in complex cases
Enhanced magnification

Endodontic and illumination, improved Requires specialised training

Microsurgery (EMS) | precision and outcomes, and equipment

especially in complex cases

CBCT and 3D-printed
surgical guides

Increased cost and radiation
exposure (CBCT)

Improved visualisation and
surgical planning

Promote healing, reduce
inflammation

Potential for variability in

PRF and PRP . o
preparation and application

Reduces postoperative
pain and swelling

Potential for systemic side

Dexamethasone
effects

Emphasises patient
satisfaction and quality
of life

Requires standardised
measures for accurate
comparison

Patient-centered
outcomes

[Table/Fig-4]: Advantages and disadvantages of different endodontic techniques

and adjunctive therapies.

Future directions: Future research should focus on developing
standardised PRO measures, evaluating the cost-effectiveness of
different techniques, identifying predictive biomarkers, exploring
minimally invasive approaches, conducting long-term follow-up
studies and fostering interdisciplinary collaboration. By addressing
these areas, future research can contribute to further advancements
in endodontic microsurgery (EMS) and ensure that patients receive
the best possible care.

CONCLUSION(S)

The present review offers valuable insights into the evolution of
Endodontic Microsurgery (EMS). While significant advancements
have been made in surgical techniques, the focus has increasingly
shifted towards Patient-centered Outcomes (PCOs). Technological
advancements, such as the use of CBCT and 3D-printed surgical
guides, have further enhanced the precision and accuracy of
microsurgery. Adjunctive therapies, like PRP and dexamethasone,
have shown promise inimproving healing and reducing postoperative
discomfort.
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