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Surgical Procedures

Abstract

Pain during the first postoperative period of oral and maxillofacial surgery
has long been the primary obstacle to immediate functional healing and
predictable restorative processes, especially in implantology and those that
involve prosthodontics. This comprehensive review synthesizes
contemporary evidence on multimodal pain management strategies that
address the multifactorial biology of postoperative pain, including
inflammatory mediator release, peripheral and central sensitization, and
selected neuropathic pain mechanisms. Pharmacological components
reviewed include non-opioid analgesics, optimized local and regional
anaesthesia techniques, perioperative corticosteroids, centrally acting
adjuvants in selected high-risk scenarios, and opioid-sparing or opioid-free
anaesthetic pathways. Adjunctive non-pharmacological measures, such as
cryotherapy, photo-biomodulation, platelet concentrates, enhanced recovery
principles, and patient-centred digital follow-up, are examined for their roles
in improving comfort and supporting early return to function. Procedure-
specific considerations are emphasized for flapless guided full-arch
rehabilitation, open-flap implant placement, sinus augmentation, zygomatic
implant surgery, and peri-implant soft tissue management, where surgical
invasiveness and biomaterial-tissue interactions influence pain trajectories.
Risk stratification is highlighted for elderly and medically compromised
patients, individuals receiving antiplatelet therapy, opioid-tolerant patients,
and those with heightened perioperative anxiety. Newer technologies, such
as algorithm-based clinical pathways, artificial intelligence-based decision
support, and novel biomaterials or targeted delivery platforms, are described
as the means of more accurate, opioid-sparing analgesics. Collectively, a
structured, patient-centred multimodal approach offers a practical
framework to improve postoperative comfort, reduce opioid exposure, and
align analgesic strategy with restorative outcomes in contemporary oral and
maxillofacial practice.

1. Introduction
Oral and maxillofacial surgical (OMFS) procedures are central to the
modern rehabilitation of prosthodontic, placement of implants, treatment of
pathology and reconstructive procedures. These processes often entail
significant handling of both the osseous and soft tissues, which causes acute
postoperative pain that can affect the ability to masticate, phonate, and sleep,
as well as the quality of recovery.! There is an ongoing surge in the demand
for OMFS services across the globe, especially in low and middle-income
countries, where delayed access to care can lead to more complex surgery
interventions and, therefore, postoperative morbidity.? Inefficient pain
management not only has consequences for patient distress. Pain after
surgery can disrupt oral hygiene maintenance, undermine nutritional eating,
slow down the process of rehabilitation of the prosthesis, and even lead to
the occurrence of secondary complications, such as surgical-site infections.?
Proper management of pain during the perioperative period is thus the key
to the short-term effects of recovery and long-term restorative effects.

The conventional OMFS  postoperative  pain

management has regularly depended on the unimodal
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pharmacotherapy with medication usually focusing on
opioid prescriptions. Although opioids may be effective
as short-term analgesic agents, they have a negative-
effect profile, such as nausea, sedation, constipation,
respiratory depression, and dependence risk, which
should be highly clinically worrisome. Opioid tapering
is a procedure that has led to the reconsideration of
prescribing patterns in surgical specialties and the
overall health of the population exposed to opioids.* In
the context of oral and maxillofacial practice in
particular, it was shown that the impact of opioid
prescribing on analgesic effects can be significantly
lowered without impacting the outcomes, which is why
alternative measures should be considered.’ Moreover,
the multifactorial agents of surgical pain, including
inflammatory mediators, peripheral sensitization and
central neural modulation, are not effectively addressed
using the single-agent methods.®

The concept of Multimodal analgesia refers to the
concerted application of various pharmacological and
non-pharmacological modalities on the various
elements of the nociceptive pathway to realize
synergistic analgesia without side effects. Multimodal
approaches are used to improve pain management and
decrease opioid use through/with nonsteroidal anti-
inflammatory  drugs, acetaminophen, regional
anaesthesia methods, corticosteroid administration, and
adjunct therapy.” The oral and maxillofacial surgery
systematic assessments facilitate the combination of
pharmacological and non-pharmacological treatments
of postoperative pain management.® In dental
procedures involving prosthodontics, such as implant
placement, bone grafting, and digitally guided micro-
prosthodontic surgeries, the proper management of pain
is a key component to patient comfort, early functional
restoration, and compliance with the restorative
treatment plan.’

As the use of opioid-sparing regimens and evidence-
based perioperative care becomes more prominent, a
synthesis of multimodal approaches to pain
management during oral and maxillofacial surgery
should be conducted. This is a critical review of the
effectiveness, safety and clinical applicability of
multimodal analgesic protocols in a variety of OMFS
procedures, specifically in procedures relating to
implantology and restorative dentistry. Through the
synthesis of the current evidence and areas that can be
further explored, this review will help clinicians in
having a systematic mechanism-based approach to pain
management in the postoperative period and aid in
predictable prosthodontic outcomes.

2. Review Methodology

A comprehensive narrative review was carried out to
bring together modern-day evidence on multimodal pain
management in oral and maxillofacial surgery, with a
focus on implantology and procedures associated with
prosthodontics. Structured combinations of terms were
used to search electronic databases such as
PubMed/MEDLINE, Scopus and Web of Science with
the following terms: postoperative pain, multimodal
analgesia, non-opioid pharmacotherapy, regional
anaesthesia, adjunctive therapies, implant surgery,
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enhanced recovery protocols, and risk stratification.
Systematic reviews of peer-reviewed literature that had
randomized controlled trials, observational studies, and
high-quality clinical reviews in the English language
were considered. Sequential title, abstract, and full-text
screening were used to screen literature relevance.
Critical appraisal and thematic synthesis of the evidence
were undertaken based on pain pathophysiology,
pharmacological approaches, adjunctive modalities,
procedure-specific use, special populations, and new
technologies.

3. Pathophysiology of Postoperative Pain in Oral and
Macxillofacial Surgery

Surgical trauma to soft tissues, periosteum, bone and the
surrounding  neurovascular  structures  triggers
postoperative pain in oral and maxillofacial surgery
(OMFS). Surgical interventions like flap elevation,
osteotomy, bone ablation and implant bed preparation
cause direct nociceptor activation and trigger a series of
inflammatory events.'® Branches of the trigeminal nerve
supply the maxillofacial region abundantly, and the
anatomical proximity of surgical fields with major
sensory pathways is the reason for the severity and
localization of postoperative pain.!' New methods of
surgical strategy design and minimally invasive surgery
are expected to ensure that tissue disruption is minimal
and postoperative morbidity is minimized. Integration
of technology in oral surgery has been referred to better
accuracy and possibly reducing inflammatory insult,
which affects the nociceptive outcomes.'?

On a molecular scale, tissue damage triggers the release
of the prostaglandins, cytokines, chemokines and other
agents of inflammation that reduce the thresholds of the
nociceptors and encourage peripheral sensitization. The
host immune response is also further modulated by the
physicochemical properties of biomaterials involved in
reconstructive  and  implant-related  processes.
Differences in surface characteristics and material
composition can regulate macrophage polarization and
the pro-inflammatory reaction to pro-healing response
that can have a direct impact on the intensity of
postoperative pain.!* There are neuropathic processes
that play a role in postoperative pain in addition to
inflammatory nociception in select cases. Damage,
compression or pulling of an inferior alveolar, lingual or
infraorbital nerve may lead to altered neural conduction
and a lasting dysesthetic state of pain. Pharmacologic
studies of neuropathic pain explain processes such as
ectopic neural discharge and central amplification that
could continue pain after recovery of normal tissue had
taken place.'* Though it is a relatively uncommon health
complication post-implantation of dental implants,
neuropathic pain is a clinically significant complication
that is to be carefully diagnosed and managed.'® The
complication of pain in relation to oral implants is thus
multifactorial, and it consists of inflammatory,
mechanical and neuropathic factors.'®

In OMFS, postoperative pain is the result of tissue
trauma and the release of inflammatory mediators, the
sensitization of nerves, and, in some cases, neuropathic
injury. This knowledge of these intersecting biological
pathways has given the mechanistic reasoning behind
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multimodal analgesic practices aimed at addressing
various domains of the nociceptive cascade and
maximize the recovery in the postoperative period, as
shown in Figure 1.

Surgical Tissue Injury

Incisson, flap clevation, oscotony

R 2

Inflammatory Mediator Release

Prostaglandins, cytokings, edemn

. :

Peripheral Sensitization

Lowered nociceptor threshold

R 4

Central Sensitization
Amplificd pain signaling

- -

POSTOPERATIVE PAIN EXPERIENCE

Figure 1. Biological progression of postoperative pain
in oral and maxillofacial surgery.

4. Pharmacological Components of Multimodal
Protocols

4.1 Non-Opioid Analgesics

The main pharmacological basis of the multimodal
analgesia of oral and maxillofacial surgery (OMFS) is
non-steroidal anti-inflammatory drugs (NSAIDs).
NSAIDs suppress peripheral sensitization and
inflammatory hyperalgesia by inhibiting
cyclooxygenase enzymes and prostaglandin production.
An overview of the research on NSAIDs in OMFS
showed that there was a high level of postoperative
analgesia with a reasonable safety profile when
administered in the right dosage.!” Non-opioid drugs,
including ibuprofen, diclofenac, ketorolac, and
acetaminophen, are suggested as the first treatment
option in the management of mild to moderate post-
surgery pain.'® Regimens used in combination,
especially NSAIDs with acetaminophen, do not raise
opioid-related risks but result in additive or synergistic
analgesia. Recent evidence in the field of dentistry
highlights the optimization of dosing intervals and
tailored choices to increase the safety and efficiency.!®

4.2 Local and Regional Anaesthesia

Local anaesthetics are important in dealing with
multimodal treatment since they disrupt the
transmission of nociceptive signals at the periphery.
Bupivacaine and articaine are long-acting agents that
prolong postoperative analgesia and improve the
intensity of pain early on after the administration of
procedures, including third molar extraction, implant
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placement, and orthognathic surgery. Recent reviews
emphasize the development of anaesthetic agents,
routes of delivery and regional block modalities that
enhance the quality and duration of analgesia in
OMFS.2% Accuracy of anaesthetic procedure, such as
the correct choice of nerve block and infiltration
patterns, has a direct relationship with postoperative
comfort and can decrease the use of systemic
analgesics.?! The proactive and perioperative pillar of
multimodal pain management is therefore achieved
through effective regional anaesthesia.

4.3 Corticosteroids

The anti-inflammatory and anti-edematous effects of
glucocorticoids are extensively used in the perioperative
guidelines. They act by inhibiting phospholipase A2 and
the downstream production of inflammatory mediators
and produce less edema, trismus, and postoperative
pain. There is evidence of safe and effective use of
perioperative corticosteroids in OMES, especially
dexamethasone in regulated doses.”? In addition to
analgesia, corticosteroid enhances functional recovery
by reducing tissue swelling and increasing early oral
mobility. Their use as complementary agents in
multimodal approaches is enhanced by their wider
application in maxillofacial patient care.?

4.4 Consideration of Systemic Comorbidities
Individualization of pharmacologic planning in oral and
maxillofacial surgery should be done meticulously,
especially when dealing with patients with systemic
comorbid conditions like cardiovascular disease,
diabetes mellitus, renal dysfunction, liver dysfunction or
those on antiplatelet or anticoagulant therapy. The
conditions also play a significant role in the choice,
dosage and termination of analgesic agents. As an
illustration, NSAIDs can worsen kidney damage or raise
the risk of cardiovascular disease, whereas
corticosteroids can influence glycemic regulation and
immunity. Perioperative management is complicated by
drug-drug interactions and changed pharmacokinetics.
Based on this, the preoperative medical evaluation and
risk assessment should be performed effectively to
ensure the maximum analgesic effect without
jeopardizing systemic safety and hemodynamic
stability.?*

4.5 Central Acting Adjuvants

Pharmacologic agents that alter central sensitization as
adjunctive agents are gaining traction in complex,
refractory, or high-risk situations in oral and
maxillofacial practice. Ketamine is an N-methyl-D-
aspartate (NMDA) receptor antagonist that inhibits the
central excitatory neurotransmission and controls wind-
up effects of persistent nociceptive input. It has been
indicated that there may be advantages in chronic and
severe cases of oral and maxillofacial pain, especially
when the conventional analgesics do not achieve
adequate control.”> Even though its common application
in the everyday practice of standard acute postoperative
OMFS practice is selective and closely followed,
ketamine serves as an example of a mechanism-based
intervention, which can be used to complement
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multimodal approaches to managing the pain pathway
at multiple levels.

4.6 Opioid-Sparing and Opioid-Free Strategies

The concepts of modern perioperative practice are
focused on the introduction of minimal opioid exposure
in multimodal, balanced regimens. Opioid-sparing and
opioid-free anaesthesia regimens have become popular
in OMFS and have proven to deliver effective pain relief
as well as lessen opioid-based adverse effects, including
nausea, sedation and respiratory depression.”® A meta-
analysis and systematic review comparing opioid-free
and opioid anaesthesia in OMFS procedures found that
the two had either similar or better pain control with less

perioperative opioid use.?’ The results help to support
the transition to multimodal pain management models
that exclude opioid-based approaches.

The pharmacological elements of multimodal regimens
in OMFS combine peripheral anti-inflammatory
medications, regional anesthesia, corticosteroids, and
select central-acting adjuncts in personalized, opioid-
sparing strategies. These more organized interventions
maximize analgesic effect and patient safety, and
functional recovery. Table 1 summarizes some of the
pharmacological constituents of multimodal protocols
applied in OMFS. Figure 2 illustrates the integrated
pillars of multimodal analgesia of pharmacological and
adjunctive types.

Table 1. Core pharmacological agents in multimodal pain management
Class Mechanism Clinical Role in OMFS Benefit Key Caution
NSAIDs COX 1nh}b1t10n l Basellne .antl— Opioid-sparing GI, renal, CV
prostaglandins inflammatory analgesia risk
. . . . . Hepatic
. Central analgesic | Mild—moderate pain | Synergistic with - .
Acetaminophen offect control NSAIDs toxicity (high
dose)
. . . Dose-
. Nerve conduction | Intraoperative + early | Reduces systemic
Local anesthetics . . . dependent
blockade postoperative pain control | analgesic need ..
toxicity
Corticosteroids Ant1.—1nﬂarnmator}./ Edema, trismus reduction Improved carly | Glycemic
mediator suppression recovery effects
Central ?dj uvants NMDA antagonism Refractory/high-risk pain Targ.e s central Selegtlve
(e.g., ketamine) sensitization monitored use

Peripheral Anti

NSAIDs, weetaminophen

Inflammation

Modulation

Corticosteroids

inflammatory Control

Regional or Local
Blockade

Nerve blocks, long-acting LA

\djunctive Supports
Cryotkerapy, LLLT, PRF,
ERAS

Figure 2. Conceptual framework of multimodal analgesia in oral and maxillofacial surgery.

5. Non-Pharmacological and Adjunctive Approaches
5.1 Cryotherapy

One of the most commonly used non-pharmacological
methods to use after oral surgeries, especially third-
molar extraction, is cryotherapy. Cryotherapy decreases
pain and trismus by inducing vasoconstriction and
reducing tissue edema and local metabolic activity,
which is inflammatory exudation. Systematic review
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and meta-analysis of randomized clinical trials revealed
that cryotherapy has significant effects in alleviating
postoperative pain, swelling of the face, and or
limitation of opening the mouth during the early
postoperative period.?® Its affordability, ease of use and
good safety profile are the reasons that make it a useful
adjunct to multimodal pain management protocols.
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5.2 Low-Level Laser Therapy

Low-level laser therapy (LLLT) is a biostimulatory
process that has been developed to regulate
inflammation and improve tissue healing. LLLT can
lead to the release of pro-inflammatory cytokines and
inhibit cell regeneration, which forms part of analgesic
effects involving oral surgical procedures because of
photo-biomodulation. A  systematic review of
randomized controlled trials has shown positive results
of LLLT in the reduction of postoperative pain and
postoperative inflammation in oral surgery, but the
heterogeneity of protocols is a reason to be cautious in
its interpretation.” The fact that it is non-invasive
encourages its use as part of the overall perioperative
strategies.

5.3 Platelet-Rich Fibrin

Advanced platelet-rich fibrin (A-PRF) and other platelet
concentrate as autologous platelets, have become the
focus of attention due to their regenerative and anti-
inflammatory effects. Platelet-rich fibrin can be used to
promote the healing of soft tissue and mitigate
postoperative pain by secretion of growth factors and
the regulation of early inflammatory responses. The
promising role of this in oral and maxillofacial surgery,
especially in extraction sockets and in implant-related
surgery, which may also have secondary effects in pain
management and functional restoration, was
emphasized in a recent systematic review.>

5.4 Psychological and Biological Modulators

Pain perception is not only affected by tissue injury, but
psychological and neurobiological factors also affect its
perception. Individual pain sensitivity, anxiety and
stress influence central processing and jaw motor
responses, which consequently influence postoperative
experiences. Craniofacial and orthodontic studies show

evidence of the interplay between biological and
psychological factors to influence sensory responses in
the orofacial area.’! Preoperative counseling and patient
education can thus become an advantage to the
effectiveness of multimodal pain strategies.

5.5 Enhanced Recovery Protocols

Enhanced Recovery After Surgery (ERAS) pathways
combine evidence-based care in the perioperative area,
such as the optimization of analgesia, minimal surgical
trauma, early mobilization and nutritional interventions
to speed up functional recovery. ERAS guidelines used
in oral and maxillofacial surgery have shown
possibilities to decrease morbidity of postoperative
stages and enhance patient-reported outcomes.??
Multimodal analgesia is one of the fundamental aspects
of these organized recovery systems.

5.6 Digital Health and eHealth Interventions

Digital monitoring, teleconsultation, and remote
reporting of symptoms are patient-centered eHealth
interventions that are an emerging addition to OMFS
care. There is scoped evidence that oral and
maxillofacial surgery is in a good position to embrace
the use of digital tools that seek to enhance
communication, postoperative symptom monitoring and
patient engagement.* These strategies can help to
identify uncontrolled pain in the first place and make
timely therapeutic corrections in multimodal regimes.
The non-pharmacological and adjunctive interventions
supplement the pharmacologic modalities as they deal
with inflammatory-modulating mechanisms, tissue-
regeneration, psychological effects, and systemic
recovery processes, as highlighted in Table 2. A
multimodal pain management system integrating them
allows it to give a holistic patient-centered oral and
maxillofacial surgery postoperative care.

Table 2. Adjunctive modalities in postoperative OMFS pain control

Modality Primary Effect Clinical Indication Mechanism Basis Evidence Level

Cryotherapy | Pain, swelling Third molar surgery Vasoconstriction RCT-supported

LLLT | Inflammation Soft tissue | Photobiomodulation Moderate
procedures

Platelet-rich fibrin | Enhanced healing Extraction, graft sites | Growth factor release Emerging

ERAS protocols Faster recovery Complex OMFS Multicomponent Narrative

pathway evidence
eHealth Early pain detection | Outpatient surgery Digital symptom tracking | Scoping evidence
monitoring

6. Multimodal Pain Protocols in Implantology and
Prosthodontic-Related Surgeries

Multimodal analgesia in implantology, as well as in
surgeries associated with prosthodontics have to be
directly related to the biological and procedural factors
that predict the occurrence of postoperative pain. Flap
elevation, osteotomy preparation, number and
placement of implants, grafting needs, and manipulation
of the peri-implant soft tissue are all factors that affect
the magnitude of tissue trauma and resultant
inflammatory response. Effective pain management in
such processes is not only about immediate relief of
symptoms but also has a direct impact on early
masticatory performance, nutrition, changes in speech,
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adherence to oral hygiene and the final predictability of
the prosthetic schedule and patient satisfaction. Full-
arch rehabilitation protocols, especially guided implant
surgery and flapless methods, have provided immediate
full-arch rehabilitation protocols of particular clinical
relevance in comprehending the potential power of
surgical design in mediating postoperative pain. The
retrospective longitudinal studies of flapless use of
prosthetic-mediated  full-arch rehabilitation show
predictable clinical and radiographic results with less
invasive surgeries. In spite of the fact that the major
results provided are concerned with the survival of
implants and the stability of the prosthetic, these
discoveries indirectly confirm a key tenet in multimodal
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pain management: reducing the extent of soft tissue
reflections and surgical trauma has the potential to
lessen the inflammatory load, thus enabling quicker pain
relief and functional healing in the context of faster
restorative  procedures.>* Maxillary sinus  floor
augmentation adds further to the biological and
mechanical factors of post-surgery pain in graft-
dependent implant dentistry. A systematic review of the
effects of sinus augmentation on the remodeling of bone
is used to emphasize that graft remodeling and the
healing process of various techniques and materials can
vary. In the context of pain management, such
variability of the procedure highlights the importance of
structured multimodal regimens in which effective anti-
inflammatory pharmacotherapy and the optimization of
regional anaesthesia are supported by adjunctive
measures that are necessary to respond to the frequently
protracted postoperative course in the case of grafts.?

Zygomatic implants are a more complicated form of
prosthodontic-related surgery with a lot of anatomical
involvement and are more invasive. Surgical
performance is indicated by commentary that describes
the surgical procedure step-by-step, highlighting the
technical challenges and anatomy that are inherent in
these procedures, which can predispose the patient to
higher postoperative morbidity. In that case, multimodal

protocols should foresee an increased input of
nociceptive and include measures to prevent edema,
offer prolonged regional analgesia, and reduce opioid
dependency without losing hemodynamic and systemic
stability.*® Postoperative pain experiences are also
strongly determined by peri-implant soft tissue
management. Thorough analysis of the soft tissue
processes in the area of dental implants identifies the
significance of mucogingival stability and tissue
thickness in the long-term success. Such interventions
that might involve connective tissue grafting and
manipulation of the flaps can contribute to local
inflammation and pain. Based on this, a combination of
multimodal approaches that incorporates atraumatic
method, selective anti-inflammatory therapy, and
adjunctive care is necessary to facilitate the prompt
tissue healing and comfort in patients.*’

Individualized  multimodal pain  protocols in
implantology must be based on the complexity of the
procedure and the goals of restoration, combined with
the principles of minimum invasiveness in the surgical
procedure, with the full scope of perioperative planning
of analgesia to maximize the results of recovery and
prosthodontic treatment. Table 3 is a presentation of
procedure-specific determinants of postoperative pain
and associated multimodal priorities.

Table 3. Multimodal protocol emphasis on surgical procedure

Procedure Major Pain Driver Multimodal Priority Clinical Goal Complexity
Level
Flapless full-arch Osteotomy load Strong anti-inflammatory | Early function Moderate
base
Open-flap Soft tissue trauma Edema control + LA Reduce swelling Moderate
implants
Sinus Graft inflammation Extended analgesic plan Controlled High
augmentation recovery
Zygomatic Extensive invasion Prolonged regional | Stabilized Very High
implants analgesia recovery
Soft tissue grafting | Donor-site Local control + NSAIDs Hygiene Low—Moderate
inflammation compliance

7. Impact of Dental Materials and Surgical
Techniques on Postoperative Pain

7.1 Biomaterials and Inflammatory Modulation

The biological behavior of implanted and grafted
materials also affects postoperative pain in oral and
maxillofacial surgery, which is also dependent on the
pharmacologic strategies. There is scoping evidence that
postoperative discomfort and recovery patterns are
determined by a combination of surgical design,
biomaterial choice and perioperative management.® To
create a reconstruction and implant, the intensity and the
longevity of the inflammatory response are dependent
on the material-tissue interactions. The recent
developments in bone grafting materials, namely,
autografts, allografts, xenografts, and synthetic
substitutes, have led to an emphasis on the
physicochemical characteristics of bone grafts, such as
porosity, surface topography, biodegradation rate, and
osteoconductivity. These properties affect the immune
cell recruitment and remodeling processes in early
repair. *° Balanced releases of inflammatory mediators
can be decreased with materials that are conducive to
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balanced osteoimmunomodulation, which may decrease
postoperative pain and edema and provide regenerative
effects. Dental materials in provisional restorations and
implant-supported prostheses are made with resin and
could be a source of local tissue responses. Differences
in polymer makeup, level of conversion and the release
of residual monomers may have an effect on the
biocompatibility and the irritation of peri-implant tissue.
Modern analysis of resin-based materials insists on
appropriate characterization of the materials and
manipulation in order to reduce adverse biological
response that may contribute to the intensification of
postoperative pain.*

7.2 Digital Workflows and Patient-Specific Implants
Computer-aided design and computer-aided
manufacturing (CAD/CAM) technology have also
improved precision in surgery during maxillofacial
reconstruction. There is a body of systematic evidence
that backs the idea of using patient-specific implants and
digital processes to increase anatomical precision and
minimize intraoperative changes.*! Increased fit and
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shortened operation time can help prevent unwarranted
tissue manipulation, which reduces inflammatory
balance and postoperative pain. These technologies are
very much in line with the multimodal recovery
principles, as it reduces the problem of surgical trauma
at the source.

7.3 Minimally Invasive Surgical Techniques

The technique of surgery is still a determinant of
postoperative pain. Comparative evidence of flapless
and open-flap implant placement proves that there is a
difference in postoperative morbidity that relates to the
minor require elevation of soft tissue and periosteal
reflection.*? Ventral manipulations, in the presence of
properly prescribed flapless, maintain the supply of
vascularity to the soft tissue and decrease the trauma of
the soft tissue, which can be reflected in less identified
swelling and pain. Nevertheless, to ensure the precision
of implants and long-term effectiveness, it is necessary
to have stringent case selection and surgical skill.

The innovations in scientific research in the field of
dental materials and minimally invasive surgical
procedures are crucial factors in the control of
postoperative pain. Precision-guided tissue-sparing
methods to strategic material selection are
complimentary to multimodal analgesic protocols, and
a holistic, foveally-biologically-supported approach to
patient-centered recovery in implantology and
restorative dentistry, summarized in Figure 3.

Ve \
Dental Materials

Bone grafts

Resin matermals

4

Biological Response
Immune modulation

Inflammation

L 2

Surgical Technique
l’]il;‘lL’\.\
CAD-CAM

Precision surgery

A 4

POSTOPERATIVE PAIN INTENSITY

Figure 3. Influence of dental materials and surgical
technique on postoperative pain intensity.

8. Special Populations and Risk Stratification

8.1 Sedation and Outpatient Safety

Oral and maxillofacial surgery (OMFS) needs to include
procedural complexity, anaesthetic modality and
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patient-specific systemic factors in risk stratification.
The high safety profile of 17,634 outpatient sedations by
oral and maxillofacial surgeons was shown by large-
scale institutional data that evaluated the safety of the
sedation in question when properly organized protocols
and proper monitoring criteria were considered.** These
results support the relevance of standardized
perioperative assessment, especially in the conditions of
multimodal analgesic strategies used together with
procedural sedation. Attentive assessment of airway
condition, comorbidity and pharmacologic interactions
is core in reducing perioperative complications in
ambulatory care.

8.2 Elderly and Medically Compromised Patients
Older patients offer special analgesic and surgical
problems. Retrospective research studies have shown
that ambulatory oral surgery may be safely conducted in
the medically challenged older adults by applying
careful preoperative assessment and perioperative
individual management procedures.** Nevertheless,
physiological changes like decreased renal clearance,
increased metabolism of non-steroid anti-inflammatory
drugs, and polypharmacy in old age require a careful
choice of analgesics and dosage. Home-based oral
healthcare interventions also underscore the need of
customized management with the elderly and frail
population, in which functional shortages and disease
burden on the body may affect postoperative healing
and the perception of pain.®’. In these populations, the
multimodal regimen should be based on balanced
analgesia and reduced systemic risks, focusing on the
non-opioid approach and close monitoring.

8.3 Patients on Antiplatelet Therapy

OMEFS patients are becoming more exposed to
antiplatelet and anticoagulant drugs. An overview of
antiplatelet pharmacology and perioperative care
reveals the need to strike a balance between the risk of
haemorrhage and thromboembolic prophylaxis.*® The
choice of NSAID, corticosteroid application and
surgical pre-planning should consider the possibility of
drug interaction and predisposition to bleeding. The
protocols of multimodal pain management of these
patients should focus on giving agents of least influence
on platelet aggregation and should be coordinated with
the primary medical care provider of the patient.

8.4 Opioid-Tolerant Individuals

The acute postoperative pain management in opioid-
tolerant patients is associated with unique issues, such
as the change in receptor sensitivity, opioid-related
hyperalgesia, and elevated baseline analgesic needs.
Evidence-based practices support a personalized
approach to dosing, additional baseline opioid therapy,
and non-opioid adjuncts to enhance pain management.*’
In this regard, multimodal analgesia is of particular
importance to prevent the increase of opioid exposure
and provide sufficient comfort.

8.5 Anxiety and Psychosocial Factors
There are psychological factors that have a big impact
on the perception of perioperative pain. Preoperative
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anxiety has been linked to the augmented level of
postoperative discomfort and analgesic intake. There
has been evidence that the anxiety levels of patients
undergoing OMFS could be minimized through
structured preoperative anaesthesia consultation, and
this might enhance the levels of postoperative pain.*3
Multimodal care pathways include the incorporation of
patient education, reassurance, and expectation
management to increase subjective comfort and
recovery.

8.6 Personalized Pain Management

The current development in pain science focuses on
mechanism-oriented analgesic methods that are
individualized and focused on the risk profile of the
affected patients. Modern views on oral surgery

emphasize the importance of accuracy in the choice of
analgesics, and they incorporate pharmacologic,
procedural, and psychosocial factors.** The safe and
effective management of opioid multimodality in
special groups should be based on risk stratification,
which includes the following factors: age, systemic
disease, the wuse of medications, psychological
condition, and exposure to opioids before.

The primary challenge to managing postoperative pain
in the diverse patient groups is to utilize effective and
multimodal approaches that integrate interdisciplinary
and personalized treatment plans that incorporate safety
and analgesic efficacy. Table 4 presents risk
stratification considerations in the case of special
populations.

Table 4. Multimodal adjustments in special populations

Analgesic

Population Primary Risk Adjustment Monitoring Priority Key Objective
Elderly Polypharmacy Dose individualization | Renal/hepatic review Safety
Antiplatelet users | Bleeding NSAID caution Hemostasis check Avoid hemorrhage

Opioid-tolerant
High anxiety
Sedation cases

Hyperalgesia Maximize non-opioids
Amplified pain | Preop counseling
Respiratory risk | Avoid oversedation

Baseline opioid review | Prevent escalation
Early follow-up Reduce analgesic demand
Airway monitoring Procedural safety

9. Clinical Implementation, Safety, and Emerging
Technologies

To achieve success in clinical implementation of
multimodal pain management in oral and maxillofacial
surgery (OMEFS), it is essential to organize and
systematize it into a part of daily routine with well-
defined workflows, protocols, and decision-making.
Algorithms in maxillofacial emergency practice can
show how clinical consistency by systematic means can
result in better triage acuity and safe patient treatment
across diverse presentations.®® Converting similar
structured models to perioperative analgesic planning
would enable the clinician to standardize drug choice,
dosages, and methods of escalation, whilst retaining the
option of flexibility in procedure-specific and patient-
specific considerations.

The issue of multimodal protocol implementation still
revolves around safety. Thorough perioperative
evaluation, medication reconciliation and adverse drug
interaction monitoring are needed, especially when the
patient has comorbid conditions or polypharmacy. The
issue of infection control also has an impact on the
postoperative comfort because the inflammatory
complications can increase the level of pain and slow
down the process of healing. The clinical data that tested
the efficacy of the antibiotic stewardship in oral
surgeries highlights the necessity of reasonable
prescription of antimicrobials to reduce cases of
infection, and consequently unwarranted exposure and
resistance risk.’!. The approaches to stewardship are
applicable to support multimodal analgesia to minimize
secondary inflammatory morbidity and improve the
overall perioperative safety.

A new digital technology will perfect the risk
stratification and individualized analgesic planning.
OMFS AI applications have been shown to have
potential in helping with diagnostic support, surgical
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planning, outcome prediction, and workflow
optimization.*? In the context of pain management, Al-
based tools can be used to identify high-risk patients at
an early stage, anticipate the need to take painkillers,
and provide far-quartered postoperative patient
monitoring with the help of digital symptom surveys.
The tools have the capacity to enhance responsiveness
to uncontrolled pain, along with supporting opioid-
sparing techniques with data-driven decision-making.
The technological developments in the field of
biomaterials and nanotechnology are also emerging
trends and have the potential to be applied in the context
of controlling postoperative pain. Drug delivery systems
built using nanotechnology have demonstrated potential
in enhancing local therapeutic effectiveness and
minimizing exposure of systems to the whole body
during the treatment of oral diseases.’> Even though
most of the literature so far focuses on the field of
oncologic application, the controlled-release and
targeted delivery platforms have conceptual
applicability to the area of postoperative analgesia,
which may allow long-term local anti-inflammatory or
analgesic effects with fewer systemic adverse events.
The biomaterial-based approaches that have been
created to treat maxillofacial tumors and bone
regeneration exemplify a similar approach in which
engineered materials can either suppress or enhance
host immune responses and tissue regeneration.>*
Combining regenerative biomaterials with therapeutic
payloads can enable structural rebuilding alongside
localized inflammation response, which is consistent
with the principles of multimodal response.

Together, the effective introduction of multimodal pain
protocols in OMFS relies on systematic clinical
pathways, strict safety controls, and the implementation
of new technologies. The meeting of the algorithm-
driven care, stewardship values, artificial intelligence,
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and advanced biomaterials presents a futuristic rationale
in improving accuracy, safety, and opioid avoidance in
postoperative pain management.

10. Conclusion

Multimodal pain management in oral and maxillofacial
surgery is a paradigm shift in the control of symptoms,
which is based on reactive rather than mechanism-
specific care. Clinicians can successfully address the
biological mechanisms potential in  causing
postoperative pain by incorporating anti-inflammatory
agents, optimized local and regional anaesthesia,
selective central adjuvants, and evidence-based
adjunctive interventions and reduce the use of opioids.
Pain management is strongly associated with functional
recovery, compliance with oral hygiene, and compliance
with restorative timeframes in implantology and
procedures involving prosthodontic surgeries. The
accuracy of surgeries, minimal invasiveness, and choice
of biocompatible materials are also used to regulate the
inflammatory load and patient comfort. Another key
aspect is personalized risk assessment, especially
among older patients, medically compromised patients,
and those with complicated analgesic needs, and in these
cases, the decisions made by therapists should be based
on safety and monitoring. The future potential of more
personalized and opioid-sparing analgesic pathways is
present in the emerging digital technologies and
sophisticated biomaterial platforms. Together, the
systematic, patient-oriented multimodal approach will
promote recovery, facilitate foreseeable restorative
results, and equalize modern oral and maxillofacial
practice with new criteria of safety and accuracy.
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