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Pharmacotherapy in Oral 
and Maxillofacial Surgery
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The human fascination—and sometimes infatuation—with 
chemicals that alter biological function is ancient and results 
from long experience with, and dependence on, plants. Many 
plants produce harmful compounds for defense that animals 
have learned to avoid and humans to exploit [1]

10.1  Introduction

With phenomenal increase in the knowledge about mecha-
nism of action of chemical compounds and rapid introduc-
tion of new drugs, pharmacology—the science of drugs—has 
become increasingly important to all health professionals. 
Practice of maxillofacial surgery utilizes drugs either as pri-
mary treatment modality or as a facilitator of surgical proce-
dures. A detailed description of the pharmacodynamics & 
pharmacokinetics of these drugs is beyond the scope of this 
chapter. The readers are encouraged to refer to the standard 
textbooks of pharmacology for the same.

10.2  Antimicrobial Agents

Infections caused by microorganisms have threatened human 
life since time immemorial. Some of the organisms had the 
potential to spread from one infected person to another at an 
alarming rate causing worldwide pandemics and epidemics. 
With the discovery of the first antibiotic, “the magic bul-
let”—Penicillin, patients could effectively be cured of many 
life- threatening infections [2].

Antimicrobial agents are of the few classes of drugs that 
effectively treat the etiology of conditions and not simply 
alleviate the symptoms of the diseases.

10.2.1  Definition

The term antibiotic was first used by Selman Waksman et al. 
to describe any substance produced by a microorganism that 
is antagonistic to the growth of other microorganisms in high 
dilution [3]. This definition excluded substances like gastric 
juices and hydrogen peroxide that kill bacteria but are not 
produced by microorganisms. It also excluded synthetic anti-
bacterial compounds like the sulfonamides. In current usage, 
however, the term “antibiotic” is applied to any medication 
that kills bacteria or inhibits their growth, regardless of 
whether that medication is produced by a microorganism or 
not.

10.2.2  Classification

The antibiotics have been classified in many ways, based on 
their chemical nature, mechanism of action, type of organ-
isms against which primarily active spectrum of activity, etc. 
(Table 10.1). The antibiotics exert their remarkably specific 
action on the microorganisms, sparing the host, due to their 
selectivity for target components, which are either absent or 
not very important in humans. Among these targets are bac-
terial and fungal cell wall synthesizing enzymes, the bacte-
rial ribosome, the enzymes required for nucleotide synthesis 
and DNA replication, etc.

10.2.3  Oral Microflora

The infectious diseases associated with the oral and maxil-
lofacial region have unique microbiological features because 
of the abundance and variety of microorganisms in this 
region. The normal flora of the oral cavity consists of up to 
1011 bacteria per gram of tissue, with anaerobic bacteria pre-
dominating [4]. Although the subtypes and proportions of 
organisms differ, the general pattern of the indigenous 
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microflora is similar in healthy individuals. However, sys-
temic diseases and concurrent use of medications result in 
the presence of unusual organisms as part of the normal 
flora and an increase in diseases caused by normal organ-
isms that usually are considered to have low pathogenicity. 
Usually, the microorganisms are held in check by the body’s 
defense mechanisms. When these mechanisms are impaired, 
infection may result from an otherwise minor bacterial 
exposure.

The pathobiology of mixed odontogenic infection is rela-
tively clear. The early cellulitis is the result of streptococci, 
the moderate-to-severe infection is caused by a combination 
of aerobic and anaerobic bacteria, and the well- circum-
scribed chronic abscess is caused primarily by anaerobic 
bacilli alone [5]. A complex mix of strict anaerobes and fac-
ultative anaerobes account for most of the odontogenic infec-
tions. Empirical antibiotic choices can be made in this 
situation where the microbiological pattern is well estab-
lished (Table 10.2).

10.2.4  Guidelines to the Therapeutic Use 
of Antibiotics

Understanding that infections are ultimately dealt by the 
host’s immune systems, and antibiotics play only an adjunc-
tive role, is critical. Antibiotic therapy should be reserved for 
those with clearly established infection. Surgical treatment 
of the infection also should be initiated as early as possible.

Antibiotics help in preventing infections after a contami-
nation has happened or they can abort a developing infec-
tion, if administered early. Antibiotics should not be used as 
a substitute for the needed surgical treatment.

In most clinical situations, it is easy to determine whether 
a patient has an infection—local and systemic findings 
would point to the diagnosis. Diagnostic difficulty arises 
when a patient who has had a maxillofacial procedure per-
formed, during the second or third day after surgery, devel-
ops swelling and pain. Similarly, elevated temperature and 
white blood cell count also may be found. Surgical insult and 

Table 10.1 Different classes of antibiotics—based on their chemical structure and mechanism of actions

Class of antibiotics Common examples Mechanism of action
Bacteriostatic / 
Bactericidal

Beta lactams—most widely used (a) Penicillins
(b) Cephalosporins

Inhibit bacterial cell wall 
synthesis

Bactericidal

Sulfonamides—first commercial antibiotics (a) Sulfanilamide
(b) Sulfadiazine
(c) Sulfizoxazole

Prevent bacterial growth and 
multiplication

Bacteriostatic

Aminoglycosides (a) Streptomycin
(b) Neomycin
(c) Kanamycin
(d) Paramomycin

Inhibit bacterial protein synthesis Bactericidal

Tetracyclines—more chances of resistance 
formation

(a) Tetracyclines
(b) Doxycycline
(c) Oxytretracycline

Inhibit bacterial protein synthesis Bacteriostatic

Chloramphenicol—first line of drug only in 
conjunctivitis

Inhibit bacterial protein synthesis Bacteriostatic

Macrolides—second most prescribed (a) Erythromycin
(b) Clarithromycin
(c) Azithromycin

Inhibit bacterial protein synthesis Bacteriostatic

Glycopeptides—last-resort drugs (a) Vancomycin
(b) Teicoplanin

Inhibit bacterial cell wall 
synthesis

Bactericidal

Ansamycins—have antiviral activity also (a) Geldanamycin
(b) Rifamycin
(c) Naphthomycin

Inhibit bacterial RNA synthesis Bactericidal

Quinolones—rapid development of 
resistance

(a) Ciprofloxacin
(b) Levofloxacin
(c) Trovafloxacin

Inhibit bacterial cell wall 
synthesis

Bactericidal

Streptogramins - two groups of antibiotics 
that act synergistically

(a) Pristinamycin I A
(b) Pristinamycin II A

Inhibit bacterial protein synthesis Bactericidal

Oxazolidinones—potent last-resort drugs (a) Linezolid
(b) Posizolid
(c) Tedizolid
(d) Cycloserine

Inhibit bacterial protein synthesis Bacteriostatic

Leptopeptides—instances of resistance rare (a) Daptomycin
(b) Surfactin

Disrupt multiple cell-membrane 
functions

Bactericidal
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prolonged general anesthesia often result in these symptoms. 
Clinical judgment is important in making the diagnosis, and 
the clinician should weigh all information available before 
making the diagnosis of infection.

There are a few basic guidelines to be followed in the 
administration of antibiotics (Table 10.3).

10.2.5  Consistency in Route of Administration

In severe infection, parenteral antibiotics are needed to get 
adequate blood levels. But with an initial response within 
couple of days, one is always tempted to switch to oral 
administration. When this is done, the infection may recur 
because blood levels achieved with oral dose are suboptimal. 
Maintenance of peak blood levels of antibiotic, until eradica-
tion of bacteria, is important, which may take 5–6 days. After 
the fifth day of parenteral administration, the blood levels 
achievable with oral administration are usually sufficient.

10.2.6  Cross-allerginicity between Penicillins 
& Cephalosporins

A frequently asked question about penicillin allergic 
patients is whether the cephalosporins can be used safely. 
Overall the frequency of crossallergenicity between the two 
groups of drugs is low (7–18%) [10, 11].  Cross-allergenic ity 
appears to be most common among penicillin, aminopeni-
cillins, and early-generation cephalosporins, which share 
similar R-1 side chains; this is thought to increase the risk 

of cross-reactivity. Patients with a history of anaphylaxis to 
penicillins should not receive first- or second-generation 
cephalosporins, while third- and fourth-generation cepha-
losporins should be administered with caution, preferably 
in a monitored setting.

10.2.7  Patient Monitoring

The patient should be monitored for the response to treat-
ment and any deterrent should be identified and rectified. A 
second empirical choice should be avoided, if at all possible 
because the likelihood of success is substantially less. Repeat 
cultures may also be attempted.

In some cases, the patient may respond well to the empiri-
cal antibiotics, but the culture and sensitivity report would 
reveal that the organisms isolated are resistant to the antibiot-
ics being used. The combined surgical and antibiotic treat-
ment, along with natural host defenses, would have resulted 
in resolution of infection. The antibiotic may or may not 
have played an important role. The antibiotic that was clini-
cally effective for the patient should be continued despite the 
contradictory data.

10.3  General Considerations 
in the Prophylactic Use of Antibiotics

The original guidelines for timing and use of antibiotics to 
prevent infection postoperatively were established by Burke 
and Miles et  al.’s experimental observations [12, 13]. They 

Table 10.2 Efficacy of commonly used antibiotics against head and neck pathogens and dosage

Antibiotics Aerobes Staphylococcus Anaerobes Dose
Penicillin Excellent No action Guarded against prevotella, 

porphyromonas, fusobacterium, 
bacteroides

Penicillin G- 6,00,000 – 
1,200,000 u q4h im/iv
Penicillin V – 250- 
500 mg q6h orally

Amoxycillin / 
clavulanate

Excellent Active Guarded against prevotella, 
porphyromonas, fusobacterium, 
bacteroides

375-625 mg q8h orally
1.2 g q8h im/iv

Cefuroxime Excellent with all except guarded 
action against capnocytophaga and no 
action against eikenella

Active No action against prevotella, 
porphyromonas, fusobacterium, 
bacteroides

1.5 g q8h im/iv

Erythromycin Good, guarded against 
capnocytophaga & eikenella

Active Guarded action against fusobacterium, 
no action against prevotella, 
porphyromonas, bacteroides

250-500 mg q6h orally
1-4 g /day in divided 
doses q6h iv for severe 
infections

Clindamycin Excellent Active Active 150–300 mg q8h orally
1200–2400 mg /day in 
divided doses q8h for 
severe infections

Ciprofloxacin Good Guarded action Guarded action 500 mg q12h orally
400 mg q12h iv

Metronidazole No action No action Active 400 mg q8h orally
500 mg q8h iv
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noted that antibiotics must be given within 4 h after injection 
of bacteria into a surgical site to prevent the aggressive level of 
infection that occurs when no antibiotics are administered.

Antibiotic prophylaxis entails administering the antibiotic 
appropriate for the potential microbial contamination before 
the surgical insult, at a high enough dosage to establish an 
appropriate bacteriologic titer [14].

 1. Indications for antibiotic prophylaxis [15, 16] are given 
in Table 10.4.

 2. Condition & bacterial contamination of the surgical area:
Surgical wounds are generally classified into clean, 
clean–contaminated, contaminated, and dirty/infected 
[16–18] (Table 10.5).
With judicious use of antibiotics, the infection rates are 
known to be lesser [16, 18].

 3. The selected antibiotic should be bactericidal against the 
most common microorganisms that cause infection in the 
oral cavity. The bactericidal antibiotics rely less on the 
host defense mechanisms providing faster results [18].

 4. The concentration of antibiotics in the tissue should be suf-
ficient to fight the bacteria that may enter the surgical wound 
at incision or during the course of surgery. To achieve a 
blood concentration of three-four fold that of minimum 
inhibitory concentration, the antibiotic is typically given at 
twice the treatment dose 1 h prior to surgery [14, 16].

 5. Usually antibiotics can be administered as a single preopera-
tive dose. In cases where the surgeon feels that postoperative 
infection is a high possibility, the drug can be extended post-
operatively as deemed necessary [19] (Table 10.6).

Table 10.3 Guidelines for the use of antibiotics

 1. Empirical therapy
 2. Identification of the organisms—obtain culture & sensitivity in
  (a) Compromised host defenses
  (b)  Persistence of infection in spite of appropriate antibiotics & 

surgical therapy.
  (c) Postoperative infection
  (d) Suspected cases of actinomycosis, osteomyelitis
 3.  Use of specific narrow-spectrum antibiotic—to prevent/ 

minimize bacterial resistance [6] & superinfections [7].
 4. Reserve combination therapy for:
  (a) Patient with life-threatening sepsis of unknown cause
  (b)  Increased bactericidal effect against a specific organism is 

required
  (c)  Prevention of rapid emergence of resistant bacteria—e.g., 

tuberculosis
  (d)  Empiric treatment for certain odontogenic infections—that 

are rapidly progressing posteriorly around the neck space
 5.  Use of antibiotics with proven history of success
 6.  Use of the least toxic antibiotic
 7.  Use of a bactericidal rather than a bacteriostatic drug
 8.  Proper administration: Dose, time interval, route of 

administration, & consistency in the route of administration
 9. Cost of the antibiotics
10.  Patient compliance—decreases with increasing number of pills [8]
11.  Patient monitoring—initially a subjective sense of feeling better, 

then look for reduction in swelling, pain, & temperature [9]
12. Causes of failure of antibiotic therapy:
  (a) Inadequate surgical intervention –
    (i) Failure to drain pus,
    (ii) Increasing pressure inside tissue spaces,
    (iii) Retained nonvital tissue or foreign body.
  (b) Other sources of infection—IV catheter, Foley’s catheter
  (c)  Reduced or compromised host defenses—

immunocompromised, malnourished, dehydrated patients
  (d) Mistakes in antibiotic administration
     (i) Improper route of administration,
     (ii) Inadequate dosage,
     (iii) Patient noncompliance,
     (iv) Incorrect carrying out of physician’s orders.
  (e)  Wrong culture report or misinterpretation of the culture 

report

Table 10.4 Indications for antibiotic prophylaxis

1. Compromised host defenses
(a)  Physiological—old age, obesity, malnutrition
(b)  Disturbances in circulation—massive transfusion, recent 

surgery
(c)  Disease related—poorly controlled diabetes, cancer, 

leukemia, alcoholic cirrhosis, end-stage renal diseases
(d)  Compromised immunity—multiple myeloma, total body 

irradiation, splenectomy
(e)  Immunosuppressants—cytotoxic drugs, glucocorticoids, 

azathioprine, cyclosporine
2. Potential for bacterial contamination of a sterile field
3. Procedures with high infection rate
4. Surgical procedures in which there is a high mortality / morbidity 

rate following infection
5. When a foreign body is inserted into the tissues

Table 10.5 Classification of surgical wounds

Type

Incidence of 
infection (values 
given for general 
surgical cases)

Examples for the types of 
surgical wounds in 
maxillofacial surgery

Clean 1-5% Temporomandibular joint 
surgery, facial cosmetic 
surgery

Clean–
contaminated

3-11% Orthognathic procedures, 
extractions

Contaminated 10-17% Maxillary fracture with active 
maxillary sinusitis

Dirty wound >27% Mandibular fracture through 
an infected third molar socket

Table 10.6 Need for postoperative antibiotics

1 Compromised immunity
2 Inflammation at the surgical site
3 Evidence of wound dehiscence
4 Active periodontal disease
5 Poor oral hygiene
6 Inadequate surgical skill
7 Prolonged surgery
8 Wound contamination during surgery

L. P. Rao



199

One must be vigilant in identifying cases where antibiot-
ics are required for the success of surgery, as antibiotic usage 
and overusage have considerable risks [6, 7, 20, 21]—gastro-
intestinal disturbances, toxicity reactions, antibiotic resis-
tance and superinfections, anaphylaxis, pseudomembraneous 
colitis, etc.

10.3.1  Prophylactic Uses of Antibiotics 
in Maxillofacial Surgery

Infection, one of the most common postoperative complica-
tions, can be prevented by the timely use of appropriate anti-
biotic. In spite of many studies in literature, a definitive 
conclusion cannot be made regarding the need for antibiotic 
prophylaxis in maxillofacial surgery and, if needed, the dose 
required. The antibiotic prescription pattern is still hugely 
based on personal preferences and shows wide regional vari-
ation, which many a time is inappropriate. The drugs would 
be initiated either at an incorrect time, or would be continued 
beyond the time required, and this has greatly contributed to 
the emergence of resistant bacteria [6].

Prophylactic use of antibiotics should be evidence based 
taking into consideration the effectiveness and the possible 
adverse outcomes of antibiotic therapy. Moreover, a thor-
ough knowledge of the likely organisms involved in the 
infection is needed to prevent the prescription of unsuitable 
antibiotics. Antibiotics, if needed, should have a spectrum 
of activity that involves streptococci, anaerobic Gram-
positive cocci, and anaerobic Gram-negative rods, which 
are considered the most pathogenic for oral infections and 
should be bactericidal and the least toxic agents available - 
amoxicillin being the most common choice of the clini-
cians [12, 18].

The need for antibiotic prophylaxis and the preferable 
drugs for wisdom teeth removal, orthognathic surgery, dental 
implants, maxillofacial trauma, and in special circumstances 
like patients with diabetes mellitus, patients—pre- and post-
organ transplant, rheumatic heart disease—valve replace-
ments, oncological surgery & reconstruction, cleft surgeries, 
etc. are mentioned in the following sessions.

10.3.2  Antibiotic Prophylaxis in the Surgical 
Removal of Wisdom Teeth

Though one of the most commonly performed minor oral 
surgical procedures, the reported infection rate with the 
removal of mandibular third molars is ≤10% [22]. However, 
the rate can be as high as 25% when the patient’s immunity 
is compromised [20]. The infection rate associated with the 
corresponding procedure in maxilla is quite low, <1% [20, 
22]. The higher rate of postoperative infection in relation to 

mandibular third molar has been attributed to the reduced 
vascularization and the gravity-induced pooling of bacterial- 
rich saliva.

The prophylactic use of antibiotics in wisdom teeth 
removal had been an issue of many debates. There are stud-
ies for [20, 23] and against [24, 25] the practice of antibiotic 
prophylaxis in third molar removal. Considering the poten-
tially contaminating oral environment in which the third 
molar removal is carried out, it is reasonable to favor antibi-
otic prophylaxis. Moreover, since the postoperative infection 
and alveolar osteitis, an inflammatory response whose etiol-
ogy could be traced to bacterial contamination and fibrinoly-
sis of the socket blood clot, cause debilitating pain and severe 
functional impairment, it is only prudent to consider the use 
of prophylactic antibiotics.

Studies have shown that preoperative administration of 
antibiotics reduces the postoperative infection when admin-
istered 1-2  h prior to the procedure [26, 27]. Amoxicillin/
amoxicillin—clavulanic acid is the widely used antibiotic in 
the prophylaxis for the surgical removal of impacted teeth 
[28] and when given as a single dose preoperatively is found 
to reduce postoperative infection and alveolar osteitis [21]. 
But certain other studies have failed to show a considerable 
difference between amoxicillin, clindamycin, metronida-
zole, and placebo in terms of postoperative infection rates 
[25]. Studies have found topical tetracycline [29], chlorhexi-
dine irrigation [30],& metronidazole dressings [31]into the 
mandibular third molar sockets, effective in reducing the 
postoperative infection & the incidence of dry socket. 
Review of literature does not give definite indication to use 
of antibiotics as prophylaxis in healthy patients or asymp-
tomatic impacted teeth and in case of the removal of maxil-
lary wisdom teeth [22].

Studies have advocated the use of antibiotic prophylaxis 
in immunocompromised patients to prevent infection after 
surgical removal of impacted teeth [22].

Two recent meta-analyses [28, 32] summarize the antibi-
otic prophylaxis in wisdom teeth removal (Table 10.7).

10.3.3  Antibiotic Prophylaxis in the Placement 
of Dental Implants

Dental implants play a crucial role in the successful resto-
ration of missing dentition. The success rate of dental 
implants is high, with only 0-10% of reported failure rates 
[33]. However, risk of failure is high during the first year 
after implant placement [34]. The implant surfaces can 
become colonized by oral and perioral microorganisms 
during surgery (perioperative contamination) [35]. This can 
lead to pain, swelling, bone loss, and eventually failure of 
implants. The failure of the dental implants is multifactorial 
(Table 10.8).

10 Pharmacotherapy in Oral and Maxillofacial Surgery
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Hence all these local, systemic, surgical, and procedural 
factors contributing to implant failure should be eliminated 
before considering infection as the reason for failure [33].

Because of the morbidity associated with infection of the 
implants, antimicrobial therapy is routinely used with the 
aim of prevention of surgical site infection. Though by defi-
nition, dental implant placement is a clean-contaminated sur-
gery with 3–11% chances of infection, the infection rate can 
be brought down to about 1% by proper patient selection, 
attention to surgical details, and by judicious use of antibiot-
ics [18].

There are studies supporting antibiotic use to reduce 
implant failures [33, 34] and studies that fail to show any 

added benefits of antibiotics against implant failurte [36]. 
Few other studies have observed similar failure rates for the 
implants with a single preoperative dose and routine use of 
antibiotic for 7 days [37].

The currently advocated dose of antibiotic prophylaxis 
for implant surgery is 2–3 g of amoxicillin 2 h prior to mul-
tiple implant placement, especially along with bone graft 
[33]. If the patient is allergic to penicillin group, 600  mg 
clindamycin should be given 1 h before surgery. For sinus 
augmentation, 1.2 g of amoxicillin/clavulanic acid starting 
day before the surgery is the prophylaxis of choice [33]. 
Chlorhexidine gluconate mouth rinses have been known to 
reduce the number of pathogenic microorganisms, by lysing 
the bacterial cell membranes, and by virtue of its substantiv-
ity, can get retained in the oral soft tissues and get released 
slowly for up to 12 h [30, 33]. The key points in the antibiotic 
prophylaxis for dental implants are given in Table 10.9.

10.3.4  Antibiotic Prophylaxis in Orthognathic 
Surgery

Orthognathic surgical procedures aim to correct the facial 
deformities and malocclusion, thereby improving the func-
tional disorders of the stomatognathic system. It is an elec-
tive procedure, usually carried out in young healthy adults. It 
is considered as a clean-contaminated procedure with a 
reported infection rate of 3–11% [18, 39]. But certain studies 
have reported the rate of infection after orthognathic surgery 
to be as high as 6–33.4% [39]. The postoperative infection 
was found to be related to poor oral hygiene and the habit of 
smoking.

The surgical site infections (SSIs) that develop can be 
incisional SSIs and organ and space SSIs [40]. Both types of 
SSIs can occur after orthognathic surgery and may develop 
within the first few weeks after surgery. The development of 
SSIs increased the total length of hospital stay and expendi-
ture. Though the potential for postoperative infections after 
orthognathic surgery is known for a very long time, a con-
sensus has not yet been achieved with regard to the drug that 
is useful, the dose, and the duration of administration.

The specific orthognathic procedure that has been associ-
ated with higher infection rate was mandibular sagittal split 
osteotomy, especially where a transbuccal approach had 
been adopted for fixation [38]. Increased rate of infection 
associated with mandibular procedures has been attributed to 
the diminished vascularity of mandible in comparison with 
maxilla and pooling of food and saliva along the vestibular 
incision line in the mandible. Till the incision seals off, oral 
microflora can freely enter the deeper tissues from the pooled 
saliva. Though concomitant extractions, especially of par-
tially erupted mandibular third molars had been implicated 
as a risk factor for the development of postoperative infec-

Table 10.7 Antibiotic prophylaxis in wisdom teeth removal—Key 
points

1 Factors influencing the rate of postoperative infection [20, 32] 
may need to consider postoperative antibiotics
History of pericoronitis
Smoking
Old age
Poor oral hygiene
Duration of surgery
Amount of bone removal
Presence of foreign bodies—hemostats or devitalized bone 
fragments
Operator skill

2 Amoxicillin & Amoxicillin—clavulanic acid equally effective 
[28]

3 Systemic administration more effective [32]
4 Single preoperative dose: 30–90 min prior to procedure [18, 32]
5 Usually double the usual strength is given preoperatively [18, 26]
6 Antibiotics reduce incidence of alveolar osteitis [21].
7 Topical tetracycline [29], chlorhexidine [30], & metronidazole 

[31] effective in reducing the infection rate
8 Preoperative and extended postoperative doses may be required in 

immunocompromised patients [22]
9 No antibiotic prophylaxis required in removal of asymptomatic 

mandibular third molars and maxillary third molars in healthy 
individuals [22]

Table 10.8 Factors affecting the survival of implants [33, 34]

Local factors  1. Pre-existing infections
 2. Quality & quantity of bone
 3. Bone grafts—autogenous vs allogenic
 4. Ill-fitting prostheses
 5. Bad oral hygiene
 6. Irradiated bone

Systemic factors  1. Immunocompromised diseases
 2. Diabetes
 3. Long-term steroids
 4. Malnutrition
 5. Elderly patients
 6. Smoking

Surgical factors  1. Incorrect instruments
 2. Overheating during placement
 3. Lack of attention to sterility.
 4. Increased duration of the procedure [20]
 5. Operator skill [20]
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tion, studies were not able to support or refute this [38, 41] 
Longer surgeries involving multiple/segmental procedures 
also show a higher rate of infections [12, 18, 38].

Use of various antibiotics has been proposed—penicillin 
[42], ampicillin [43], amoxicillin with or without clavula-
nate [43], clindamycin [42], or a member of the cephalospo-
rin group [19, 41]. Literature fails to report a significant 
difference in the infection rate when using a penicillin or 
nonpenicillin group of antibiotics or among the various 
types of penicillins [18, 19, 44]. Based on the bacteriologi-
cal studies, penicillin, amoxicillin, or amoxicillin—clavu-
lanic acid or cephalosporins is commonly recommended in 
the preoperative antibiotic prophylaxis for orthognathic sur-
gery [19, 38, 41–44].

The preoperative single dose of antibiotic increases the 
level of the drug in circulation prior to incision. Whether 
short-term antibiotics (single dose or dose × 24 h) [ 42] or 
extended-term antibiotics (for more than 24 h) [ 41, 43] is 
beneficial in the prevention of postoperative infection after 
orthognathic surgery is still a debatable question [19, 38, 
41, 44].

10.3.5  Is Antibiotics Needed when Bone 
Plates and Screws Are Being Inserted?

One question that keeps on surfacing is whether prophylactic 
antibiotics are needed in cases where bone plates and screws 
are used to hold the bony segments together. Any foreign 
body inserted into the body, be it a medical device or implant, 
may elicit a foreign body reaction. Moreover, the microor-
ganisms can colonize on the implant surface in a biofilm, 
while they are being inserted, and as the physical presence of 
the implants may compromise the blood supply to the region, 
thereby reducing the delivery of body’s immune cells to the 
region and resulting in infections at the host –implant inter-
face by normal flora with low virulence [45, 46]. The oral 
biofilm and its toxins, adhered to the surface of titanium 
plates and screws used for stabilization of osteotomy seg-
ments, could be a source of local or regional infectious com-
plications [19]. Hence, the use of antibiotic prophylaxis is 
justified.

Take-home points regarding antibiotic prophylaxis in 
orthognathic surgery are mentioned in Table 10.10.

10.3.6  Antibiotic Prophylaxis in Maxillofacial 
Trauma

In today’s world of fast-moving vehicles and expressways, 
hundreds of thousands of people get involved in road traffic 
accidents. Head and face are among commonly injured body 
parts. Both the soft and hard tissues of the face may be 
involved in the trauma. Firearms, contact sports, and inter-
personal violence are other reasons for facial injuries. The 
management of these injuries should follow protocols and be 
done in a systematic manner. With advances in anesthetic 
and surgical techniques and availability of better implant 
materials with favorable metallurgy, open reduction and 
internal fixation (ORIF) has become the norm. The re- 
establishment of form, function, & cosmesis is of paramount 
importance. To arrive at this goal, the probable complica-
tions of ORIF need to be prevented or managed correctly. Of 
the various complications reported, none has generated more 
interest and controversy than the occurrence of postoperative 
infection. By adhering to the standard surgical protocols and 
strict aseptic techniques, the occurrence of postoperative 

Table 10.9 Antibiotic prophylaxis in dental implants—Key points

Care to be taken [35]:
Through oral prophylaxis & measures to improve oral hygiene
Stabilize oral focus of infection
Procedure in a well-monitored asceptic environment—
disinfection, draping, hand scrubbing, sterile gowns & gloves, 
sterile instruments
Prevent contamination of implants with contact with skin, 
infected oral mucosa, & sinus lining
Bactericidal antibiotic with coverage against pathogenic oral 
microflora [12, 18, 33]
Preoperative administration of antibiotics—1 h before the 
procedure, twice the therapeutic dose [18, 33]—Amoxicillin 2gm, 
/ clindamycin 600 mg 1 h prior to surgery
Chlorhexidine gluconate rinses—hugely effective in controlling 
the immediate local infection [30, 33].

1 Only Chlorhexidine 0.12% rinse twice daily in healthy individuals 
[33]
(a) Simple implant,
(b) Short duration,
(c) No bone graft,
(d) Sterile environment is ensured..

2 Single preoperative dose + Chlorhexidine 0.12% rinse twice daily 
in healthy individuals [33]
(a) Multiple implants with minimal tissue reflection,
(b) Immediate extraction & implant placement,
(c) Socket bone grafting.

3 Single preoperative dose + 3 doses / day X 3 postoperative 
days + Chlorhexidine 0.12% rinse twice daily in healthy 
individuals [33]
(a) Multiple implants with extensive tissue reflection,
(b) Multiple extractions & implant placement,
(c) Bone grafting—allografts,
(d) Long duration.

4 Single preoperative dose + 3 doses / day X 5 postoperative 
days + Chlorhexidine 0.12% rinse twice daily [33]
(a) In medically compromised patients,
(b) Extensive tissue reflection,
(c) Full arch implants,
(d) Block bone grafting—autografts,
(e) Indirect sinus floor lift procedures,
(f) Active periodontal disease.

5 Loading dose on the previous day + 3 doses / day X 5 
postoperative days + Chlorhexidine 0.12% rinse twice daily [33]
In sinus lift procedure
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infection can be brought down considerably. But the pres-
ence of the microorganisms in the oral cavity and facial skin 
and possible contamination from environment necessitate 
the consideration of antibiotics in the maxillofacial trauma 
management.

Though prophylactic antibiotics were considered essen-
tial in the management of maxillofacial trauma for many 
years [18], the evidence for this preventive intervention was 
weak and confusing. Among facial fractures, mandibular 
fractures are most commonly studied, because of the com-
pound nature of the fractures, except in the ramus—condyle 
unit, where the fractures usually do not communicate with 
the external environment. Fractures of the mandibular con-
dyles or Lefort fractures of maxilla are rarely infected when 
compared with the fractures involving mandibular angle, 
body, or symphysis [49, 50].

The decision to use antibiotic prophylaxis depends on 
whether the fracture is an open or closed type and whether 
it is going to be managed with open or closed reduction. 
Open procedures were four times more commonly prone to 
postoperative infections according to a few studies [41, 51, 
53, 54], whereas certain other studies reported no differ-
ence between the patients treated with closed reduction and 
maxillomandibular fixation and those who underwent open 
reduction and internal fixation [54]. The microbiology of 
the infected fractures was mixed and responded to beta-
lactam antibiotics well.

Studies have shown that single dose of preoperative anti-
biotic prophylaxis is sufficient to prevent wound infection 
[51, 54]. If the surgery extends beyond the half-life of the 
antibiotic, the antibiotic can be redosed [51]. The need for 
postoperative antibiotics in the maxillofacial trauma too has 
been extensively studied [16, 49, 53, 55, 56]. These studies 
reported no statistically significant difference in the develop-
ment of SSIs between the patients who had received periop-
erative antibiotics and those who had received extended 
antibiotics in the postoperative period.

Longer antibiotic usage has been advocated in the immu-
nocompromised patients [32, 52, 56]. The habit of tobacco 
smoking was found to have a deleterious effect on the heal-
ing of mandibular fractures by inducing hypovascularity and 
prolonged inflammation [54]. The other major factors, which 
contribute to the occurrence of SSIs, are poor oral hygiene, 
extremes of age and malnutrition [22, 32].

Important points mentioning the need for antibiotics in 
the management of maxillofacial trauma are given in 
Table 10.11.

10.3.7  Diabetes Mellitus & Antibiotic 
Prophylaxis in Maxillofacial Surgery

Diabetes mellitus is a metabolic disorder resulting in ele-
vated glucose levels, due to inadequate insulin secretion 
(type I) or reduced insulin secretion with an accompanying 
insulin resistance (type II). Diabetic patients pose a special 
challenge to the surgeon as the balance between the insulin 
they can secrete and the hyperglycemia induced by surgical 
stress-adaptive hormones catecholamines, cortisol, growth 

Table 10.10 Antibiotic prophylaxis in orthognathic surgery—Key 
points

1. Risk factors for SSIs [47, 48]
(a) Longer surgery;
(b) Short-term antibiotic prophylaxis;
(c) Extraction of a third molar during surgery;
(d) Greater number of osteotomies performed;
(e) Older age;
(f) Smoking;
(g) Poor oral hygiene;
(h) Compromised immune system.

2 Orthognathic surgery - clean–contaminated wound—with the 
osteotomized maxilla / mandible exposed to oral / nasal / antral 
cavities [48].—Antibiotics needed

3 Need for antibiotics in presence of bone plates & screws [45, 46].
4 Loading dose of double strength 1 h prior to incision [18].
5 Confusion between—single loading dose + short-term doses × 

24 h vs long-term antibiotics for more than 24 h [19, 44].
Commonly isolated organisms—aerobic bacteria—streptococci 
(43%) & anaerobic bacteroides (50%) [18, 39]

6 Amoxicillin / amoxicillin—clavulanic acid—best suited  
[19, 42–44].

7 Higher infection rate—mandibular osteotomies with transbuccal 
approach for fixation [38].

8 Longer procedures & segmental osteotomies—more prone for 
infection [38].

9 Concomitant removal of mandibular third molars does not 
increase the risk for postoperative infection [39], though may 
cause issues with fixation.

Table 10.11 Antibiotic prophylaxis in maxillofacial trauma—Key 
points

1. Risk factors for SSIs [22, 32, 51, 56]
(a) Longer surgery;
(b) Older age;
(c) Smoking;
(d) Poor oral hygiene;
(e) Compromised immune system.

2 Mandibular fractures/ fractures of the teeth-bearing area—open / 
compound fractures.—Antibiotics needed [49, 50, 53, 54].

3 Need for antibiotics in presence of bone plates & screws [45, 46]
4 Loading dose of double strength 1 h prior to incision [18, 56].
5 Beta-lactam antibiotics—preferred [56].
6 Higher infection rate—in fractures involving mandibular 

teeth–bearing areas [49]
7 Longer duration of antibiotics in immunocompromised patients 

[49, 52].
8 Chances of infection more with open reduction than in those 

treated with closed reduction with no antibiotic prophylaxis [16, 
50, 51]. But with single dose of perioperative antibiotics, no 
significant difference between closed & open reduction [51, 54]

10 Delayed healing and increased infection rate with tobacco 
smoking [51].
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hormone, and glucagon is lost. Patients, who are nondia-
betic, usually are able to handle this glucose overload effec-
tively, whereas diabetic patients may have issues resulting in 
cardiovascular complications, infection, and reduced rates of 
wound healing. Moreover, the defective polymorphonuclear 
leukocytes function and macro- and microvascular dysfunc-
tion resulting in compromised local circulation increases the 
susceptibility to infections [57]. With the vast microbiologi-
cal colonization of the oral cavity, it has always been assumed 
that maxillofacial surgical procedures carry a high risk of 
infection and prolonged or delayed wound healing. The 
guidelines as to the prophylactic use of antibiotics in diabetic 
patients had been vague as “….are more prone to infection 
necessitating routine antibiotic prophylaxis for all maxillofa-
cial procedures” [58].

In many of the literature surveys, authors have noted that 
well-controlled diabetic patients are at no increased risk of 
postoperative infection than normal healthy patients and 
delayed wound healing is not a pressing concern due to the 
rich vascularity of the region [59, 60]. Antibiotic prophylaxis 
is warranted only in conditions where a normal patient also 
would benefit from it. Poorly controlled diabetic patients 
would require normalization of their hyperglycemic state 
prior to elective procedures. In emergency situations, antibi-
otic prophylaxis prior to the surgical incision is desirable and 
attempts should be made to control the glycemic level during 
the peri- and postoperative period [58–60].

10.3.8  Antibiotic Prophylaxis in Head 
and Neck Oncology

Head and neck oncology patients usually require a major 
surgical procedure +/− with radiation therapy. The surgical 
site tends to be large, the surgical time and postoperative 
immobilization period longer. The surgical management 
attempts at removal of the tumor, clearance of the neck 
nodes, and involves an additional surgical site from where 
flap is harvested for reconstruction—either microvascular 
flaps or pedicled ones [61]. The large wound area exposed to 
local flora of the oral cavity and the skin is at risk of wound 
contamination and infection. Nosocomial infections are 
known to run a protracted course and pre-existing general 
comorbidities further increase the morbidity and, thus, the 
hospital expenses associated with these surgeries.

The reasons for increased infection rate are mainly the 
number of procedures carried out in the same operation 
(excision, neck dissection, tracheostomy, and distant flap 
harvest), the pooling of saliva due to difficulty in swallow-
ing, leading to aspiration, and the inability in obtaining a 
watertight closure when the flap is inset in the recipient bed 
leading to salivary leak and contamination of neck wounds 
with saliva [62, 63].

The need for antibiotic prophylaxis is well established in the 
oncologic surgery, but the need for a long postoperative course 
of antibiotics is still debated upon. There are studies, which 
have shown benefits of prolonged antibiotics in preventing 
postoperative infections like pneumonia, urinary tract infec-
tions, sepsis, and SSIs in patients who had oral squamous cell 
carcinoma [64], and there are studies, which have shown no 
extra benefits of prolonged postoperative antibiotics [63, 64].

Escherichia spp. and Staphylococcus spp. are predomi-
nantly responsible for the infections and in 72% were sensi-
tive to ampicillin & sulbactum [62].

A few key points, which would be beneficial in making a 
decision, are given in Table 10.12.

10.3.9  Antibiotic Prophylaxis in Cleft 
Surgeries

Orofacial clefting is one of the more common congenital 
anomalies and cleft lip & palate deformity is the most com-
mon among them. Management of cleft lip & palate defor-
mity involves staged procedures and spans over 12–16 years. 
The management aims at correction of the deformity so that 
function and cosmesis are restored as much as possible and 
the psyche of the individual is minimally scarred. 
Postoperative infections can result in wound breakdown, 
poor speech & esthetics, and nasal regurgitation of food in 
cleft lip and palate patients.

Various authors had reported on obtaining swabs from 
nose and oral cavity to identify the possible pathogens and 
using antibiotics according to the culture reports before cleft 
lip and palate repair [65–67]. The pathogenic bacteria iso-
lated from the swabs were Staphylococcus aureus and beta 
hemolytic streptococci [67]. But later studies demonstrated 
that there were not many differences between the group that 
underwent swab acquisition and corresponding antibiotics 
therapy and the group that didn’t receive any antibiotics in 
terms of postoperative complications [68]. The rate of com-
plications was found to be independent of the potential 
pathogens in the mouth [65].

Factors, which have been implied as contributing factors 
to wound dehiscence, are given in [66, 67] Table 10.13.

Table 10.12 Key points in oral oncology & antibiotic prophylaxis

Increased risk of SSIs [62]
Multiple procedures done at a single operation,
Large wound area,
Long procedure,
Tobacco & alcohol abuse
Immunocompromised patients
Probable pathogens [62] - Escherichia spp. & staphylococcal spp
Preferred antibiotic [62] - ampicillin & sulbactum
Bartella et al. (2017) [62] - Statistically significant reduction in 
infectious complications with postoperative antibiotics

10 Pharmacotherapy in Oral and Maxillofacial Surgery



204

In a recent prospective study, Azner et al. (2015) noted a 
statistically significant reduction in the incidence of palatal 
fistulas with 5  days of postoperative antibiotics [69]. But 
80% of their control group, who had received no postopera-
tive antibiotics, too healed without any complications. Both 
study and control groups had received a single dose of cefu-
roxime 30 mg / kg body weight, before incision. The use of 
one dose of antibiotics before incision has been advocated by 
other authors also and may be more effective in preventing 
complications related to wound infection than a prolonged 
course of postoperative antibiotics [68].

10.3.10  Organ Transplant and Antibiotic 
Prophylaxis

The concept of organ donation had always excited mankind. 
Twentieth century saw developments that made the dream of 
replacing a diseased organ with a healthy one a reality. 
Understanding the human immunology and the development 
of powerful immunosuppressant drugs laid the foundation 
for modern transplant medicine, making transplantation of 
kidney, liver, lungs, and heart a successful treatment option. 
As the transplant science advanced, so did the numbers and 
life span of transplant patients and their need for dental/max-
illofacial surgical procedures. As these patients are on immu-
nosuppressants, they are more prone to opportunistic 
infections and their sequel. Hence, care must be given to 
treat or remove the existing/potential sources of infection 
before the transplant procedures.

In a pretransplant patient, the need for maintaining oral 
hygiene should be stressed upon. The treating physician 
should be consulted with regard to the fitness to undergo the 
planned procedures and the safety of using any drugs if 
required. Drugs, which have a hepatic metabolism or renal 
clearance, should be used with caution in patients with com-
promised liver or kidney function. The selection of antibiot-
ics is made after careful evaluation of the existing pathology 
and the chances of spread of infection with the planned den-
tal treatment.

In the immediate post-transplant period—the first 3 
months post-surgery, the graft, and the patient are very vul-
nerable to any insult—graft anastomoses are susceptible to 
endarteriris due to bacterial colonization as they are not yet 

fully epithelialized. Hence, only emergency procedures 
should be done. Any acute orofacial infection developing 
should be managed aggressively, surgical drainage, culture 
and sensitivity of the organism, and appropriate antibiotics 
would be required [70]. After 3 months, elective, noninvasive 
procedures can be carried out. Since the patients who have 
undergone organ transplantation are immunosuppressed and 
are at high risk of infection, prophylactic antibiotics need to 
considered for any invasive dental procedures, even after 
6 months. Beta-lactam antibiotics are relatively safer to be 
used in renal and hepatic transplant patients [71]. But for 
those with meticulous oral hygiene, there is no consensus 
regarding the need for antibiotic prophylaxis for minimally 
invasive procedures [71]. The decision to use antibiotics 
should be done on a case-to-case basis.

Important points to be kept in mind while contemplating 
antibiotic prophylaxis in organ transplant patients are given 
in Table 10.14.

10.4  Infective Endocarditis

Bacterial endocarditis, a rare but life-threatening condition, 
was initially described by Lewis & Grant in 1923 [72]. 
They suggested that bacteria released into the blood stream 
after a dental procedure colonize on the heart valves or the 
endocardium. The bacteremia associated with infections of 
skin and soft tissues, genitourinary tract, and gastrointesti-
nal tract are also known to result in infective endocarditis 
(IE). Bacteria can gain direct access to the bloodstream 
through the indwelling catheters. The American Heart 
Association (AHA) came up with the first guidelines to 
reduce the risk of IE following invasive procedures in 1955 
[73]. The AHA guidelines have been updated regularly 
since then and the latest one was released in 2007 [74]. The 
2007 guidelines categorized cardiac conditions into having 
a low risk, moderate risk, and high risk of developing IE 
and advocated the use of antibiotic prophylaxis only in 

Table 10.13 Factors contributing to wound dehiscence in cleft 
surgeries

Wide clefts
Closure under tension
Bilateral clefts
Long duration of surgery
Poor technique—traumatized nasal mucosa
Independent of potential oral pathogens

Table 10.14 Key points—organ transplant and antibiotic prophylaxis

Pretransplant patients—stress on
 1. Elimination of potential focus of infection,
 2. Oral hygiene,
 3. Liver / kidney friendly drugs.
Post-transplant patients:
Immediate postop:
 1. Only emergency procedures,
 2. Aggressive management of infections.
3 months postop—noninvasive elective procedures
6 months postop—invasive elective procedures under antibiotics
Beta-lactam antibiotics - relatively safer to be used in renal and 
hepatic transplant patients [72]
No consensus on minimally invasive procedures in patients with 
meticulous oral hygiene [71]
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high-risk-category patients (Table  10.15) who were to 
undergo dental procedures that involved the manipulation 
of gingival tissues or the periapical region of teeth or inci-
sion of the oral mucosa.

The guidelines prescribed a single dose of antibiotic 
30-60 minutes prior to the procedure—Amoxicillin 2 g PO, 
Cephazolin/Cephtriaxone 1gm IV/IM, or Clindamycin 
600  mg PO/IM/IV, depending on whether the patient is 
unable to take oral preparations or is allergic to penicillin or 
not [74]. The reason for the revision of the antibiotic policy 
was predominantly the observation that IE is more likely to 
result from transient bacteremias caused by routine daily 
activities, like chewing food, and by regular oral hygiene 
care. The authors concluded that maintaining optimal oral 
hygiene is more important in reducing the risk of IE and the 
adverse effects of antibiotics exceeded the benefits of antibi-
otic prophylaxis. The British Society for Antimicrobial 
Chemotherapy (BSAC) also recommend antibiotic prophy-
laxis only in those who have a history of healed IE, pros-
thetic heart valves, and surgically constructed conduits [75]. 
The advice to the patient is to concentrate on achieving and 
maintaining meticulous oral hygiene as this has been found 
to reduce the risk of IE. Similar observations were made by 
the National Institute for Health and Care Excellence (NICE) 
[76] and the European Society of Cardiology (ESC) [77].

There has been a rising concern over the potential for an 
increased incidence of IE and a worse prognosis for the dis-
eased since the guideline changes by the AHA, NICE, ESC, 
BSAC. Several studies have been carried out to assess the 
impact of these changes on the disease incidence in adults 
and pediatric population. Whereas earlier studies showed not 
much difference pre- and post-guideline changes in inci-
dence [78], recent studies have noted a definite increase in 
the incidence of IE post-guideline changes [79]. Sakai et al. 
in 2017, though noting no change in the incidence and sever-
ity of IE in pediatric patients, pre- and post- guideline 
changes, reported an increase in the viridans group strepto-
cocci (VGS)–induced IE in older age group [79]. The data 
from these studies point to the need for further investigation 
into the effectiveness of 2007 guidelines, though it has been 
argued that the increase in IE incidence may be related to the 
increasing life span of the patients with congenital heart dis-
eases and prosthetic devices and increase in the number of 
invasive procedures being performed on them.

10.5  Postoperative Pain Management 
in Maxillofacial Surgery

The International Association for the Study of Pain (IASP) 
defines pain [80] as: “an unpleasant sensory and emotional 
experience associated with actual or potential tissue damage 
or described in terms of such damage.”

Pain is the most debilitating postoperative symptom and 
its control or elimination is usually the primary goal in post-
operative management of a patient. Inadequate pain control 
resulting in patient distress is the most common cause of an 
increased length of hospital stay. The postoperative pain, 
inflammatory in character, is a temporary one persisting only 
until healing. But severe, acute, repetitive, postoperative pain 
increases the risk of the pain becoming chronic and may lead 
to allodynia and hyperalgesia [81]. Orthognathic surgery 
patients may continue to feel the pain even after 1 year of 
surgery [82]. Hence, appropriate pain management is critical 
to achieving a successful surgical outcome. Prevention of 
pain is more efficient than the treatment of pain. For this, an 
understanding of basic pathophysiology behind pain mecha-
nism is important.

10.6  Pathophysiology 
of Postoperative Pain

Pain is initiated by the excitation of nociceptors, receptors 
that respond to noxious - mechanical, thermal, and chemical 
stimuli. Sensory nociception is disproportionately greater in 
the head and oral cavity when compared with other parts of 
the body. Often a patient’s overanxiety about undergoing an 
elective surgery would result in an increased intensity of the 
perceived pain [83].

Surgical insult results in tissue trauma and initiates a 
chain of inflammatory events, causing a release of chemical 
substances responsible for nociceptor excitation. Trauma 
releases tissue phospholipids, which are converted into ara-
chidonic acid due to the action of phospholipase A2 and the 
consequent conversion of this substance into prostaglandins, 
prostacyclins, and leukotrienes due to the action of cycloox-
ygenase (Cox) and lipoxygenase enzymes. These locally 
released chemical mediators sensitize the nociceptors and 
cause vasodilatation, with a consequent increase in cell per-
meability and edema. Trismus after a maxillofacial surgery 
is a sequela to the postoperative edema around the masticator 
muscles and is aggravated by pain [84]. The physiological 
responses to tissue trauma, pain & edema, can be managed 
successfully by inhibiting the pathways that produce the 
chemical mediators, before the occurrence of surgical trauma 
(Fig. 10.1).

Similarly, mechanisms, which enhance the endogenous 
pain inhibition and anxiolysis and patient education, can 

Table 10.15 High-risk cardiac conditions, which require antibiotic 
prophylaxis [75]

Prosthetic cardiac valves
Congenital heart diseases—unrepaired, with palliative shunts or 
conduits or repaired with prosthetic material or those repaired, but 
with residual defects
Previous IE
Cardiac transplants who have developed valvulopathy
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modify cortical processing of pain perception [85]. All these 
measures collectively lead to an efficient postoperative pain 
management.

10.6.1  Pre-Emptive Analgesia

Postoperative pain has a protective function as it allows for 
undisturbed healing of the operated tissue by restricting 
movements. The aim of postoperative pain management is 
to reduce pain significantly, but not to eliminate it com-
pletely [86]. Overall postoperative pain experience could 
be reduced by paying attention to lessening of the pain dur-
ing the surgical procedure itself. Pre-emptive analgesia is 
defined as an antinociceptive treatment that is started pre-
operatively and is active during surgery, reducing the phys-
iological consequences of nociceptive transmission [87]. 
Since the introduction of the concept of pre-emptive anal-
gesia by Woolf in 1983, many attempts to reduce the pain 
by using analgesics and adjunctive measures, such as the 
administration of long- acting local anesthesia, corticoste-
roids, and intraoperative nitrous oxide analgesia, have been 
reported [88]. These should be given before the surgical 
incision and should be timed so that the maximum plasma 

concentration of the drug is reached at the time of surgical 
incision. This will prevent the release of the inflammatory 
mediators, giving immediate analgesic effects. The use of 
IV analgesia has an added benefit over oral administration, 
as following oral administration analgesics reach maxi-
mum concentration after 1.5 h, whereas intravenous admin-
istration results in maximum concentration in a short 
period.

Numerous studies have shown beneficial effects of the 
preoperative administration of ibuprofen with paracetamol 
[89] piroxicam [90], ketorolac [91], meloxicam [92], 
parecoxib [93], and dexamethasone with rofecoxib [94]. 
There had been contradictory reports also in which the 
authors fail to find a clear-cut benefit for pre-emptive 
NSAIDS [95, 97]. The authors state that the pre-emptive 
intake of analgesics should not be used in all patients as a 
general rule. They base their recommendations on the lack of 
enhanced analgesic effects and on the potential adverse 
effects such as increased intraoperative bleeding [95].

Despite the confusion regarding the effectiveness of the 
pre-emptive analgesia, it has been strongly advised to start 
systemic analgesics before the local anesthesia effect wears 
off and/or give a nerve block with long-acting agent like 
bupivacaine [86].

©Association of Oral and Maxillofacial Surgeons of India

Fig. 10.1 Pharmacologic interventions in arachidonic acid metabolism
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10.6.2  Postoperative Pain Management

Postoperative analgesia has traditionally been achieved by 
prescribing analgesics with instructions to take as and when 
necessary. Experience with this approach was that many 
patients would not take the medication until the onset of sig-
nificant pain. This practice earned the maxillofacial surgery 
the reputation of being an extremely painful one. The truth is 
that the postoperative pain management can be successfully 
achieved by carefully planning the delivery of the pain con-
trol measures at the appropriate time in the peri- and postop-
erative periods.

Pain perception is a subjective feeling, which is amplified 
by many factors and identification of the patients who are “at 
risk” for the development of severe postoperative pain would 
help in charting out an individualized management plan [97] 
(Table 10.16).

Identifying predictors of postoperative pain in patients 
before surgery, educating patients at the preoperative visit 
regarding the expected pain, and presenting the postopera-
tive pain management plan will prepare patients better and 
relieve some of their anxiety regarding the procedure. An 
increased awareness of the importance of the psychological 
factors will allow more effective pain management.

10.6.3  Pharmacological Management 
of Postoperative Pain

The postoperative pain management is usually done with 
opioids and nonsteroidal class of anti-inflammatory drugs.

10.6.3.1  Opioids
Opioids have been in use for moderate-to-severe pain relief 
for a long period. References to opium poppy can be found 
in Sumerian and Egyptian culture, as back as 300 BC. The 
opium poppy, Papaver somniferum, gives rise to more than 

20 different alkaloids [100]—morphine and codeine being 
the main ones (Table 10.17).

Opiate alkaloids exert their action by acting on the opioid 
receptors- μ, κ, δ (mu, kappa, and delta), which otherwise 
provide sites for activation of endogenously released opioid 
substances  - beta-endorphins, enkephalins, and dynorphin 
compounds, which produce endogenous central analgesia. 
Opiate agonists produce analgesia by inhibiting excitatory 
neurotransmission of substance P, acetylcholine, noradrena-
line, and dopamine.

Unfortunately, opioid use, even when prescribed for short 
periods, comes with certain risks (Table 10.18).

For these reasons, most opioid agents used in outpatient 
postsurgical pain management are formulated in combina-
tion with non-narcotic analgesics [104]. This formulation 
potentiates the analgesic effects of the individual agents 
within the formulation while minimizing the side effects of 
pure opioid administration [105].

10.6.3.2  Tramadol
Tramadol, a synthetic substance with both opioid and non-
opioid properties, is structurally related to codeine. It 
exhibits antidepressant and anxiolytic-like effects, in addi-
tion to analgesic action. It is considered safe for long-term 
use unlike NSAIDs with their potential for impairment of 
renal function and gastrointestinal complications, and with 
respect to other opioid medications for its low addiction 
rate and favorable safety profile. The most common 
adverse effect of tramadol is nausea and vomiting, espe-
cially with oral administration. Tramadol is contraindi-
cated in patients with poorly controlled epilepsy because 
of its excitatory serotonergic effects. It is available either 

Table 10.16 Predictors of postoperative pain

Patient-related factors Surgical indicators
Age [98, 99] Major surgeries—long 

duration
Female sex [98] Bony surgery > soft tissue 

surgery [100]
Anxiety & apprehension, fear of the 
procedure

Bi-jaw surgery vs single jaw 
surgery

Pre-existing or chronic pain Mandibular surgery > 
maxillary surgery

Preoperative use of opioids / 
neuropathic analgesics [98]

Oncological surgery

Emergency procedures 
[101]

Table 10.17 Opioid analgesics

Drug name Dose
Codeine 15–60 mg orally q4-6h
Hydrocodone 5–10 mg orally q3h
Oxycodone 5–7.5 mg orally q6h
Meperidine 50–150 mg orally q3–4h
Pentazocine 50 mg orally q3–4h
Tramadol 50-100 mg q4–6h, max 400 mg /day

Table 10.18 Side effects of opioid analgesics

Respiratory depression
Sleepiness
Constipation
Nausea & vomiting
Addictive potential [102]
Drug overdose death [103]
Pharmacological tolerance ➔ opioid-induced hyperalgesia [102, 
104]
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as a single drug or in combination with acetaminophen. 
Submucosal injection of tramadol at the extracted site of 
third molars has been proven effective in reducing the 
postoperative pain [106]. It suffers no side effects of sys-
temic administration.

10.6.3.3  Nonsteroidal Anti-Inflammatory  
Drugs (NSAIDs)

NSAIDs have been in use for the treatment of pain, fever, 
and inflammation since late 1800 [107]. The anti- 
inflammatory and analgesic properties of these drugs with-
out the side effects and the addictive potential of opioids 
have made this class of drugs the first choice in ambulatory 
dentoalveolar procedures (Table 10.19).

They are a group of chemically heterogeneous com-
pounds with several similar pharmacologic actions like anti- 
inflammatory, antipyretic, analgesic, and antiplatelet actions. 
They primarily act at the site of tissue injury by inhibiting the 
synthesis of prostaglandins within the endoperoxide path-
way (Fig. 10.1).

Historically, majority of the NSAIDs were nonselective 
COX inhibitors with side effects related to the blockade of 
cytoprotective prostanoids  - gastric irritation, increased 
bleeding time, and renal impairment. Over the past few 
years, selective COX2 inhibitors have been developed, which 
block the COX-2–mediated prostaglandins while maintain-
ing the physiologically beneficial effects of the COX-1 iso-
enzyme [108].

Overall, NSAIDs are safe drugs to be used in the manage-
ment of acute/postoperative pain. Parenteral use of NSAIDs 
has shown to be more effective in pain control [109]. About 
60% of the patients would respond to the first NSAID, and 
the rest would show benefit with another NSAID. Ibuprofen 
is a widely used NSAID, with proven efficacy [110]. About 
5% people experience “aspirin-sensitive asthma,” probably 
due to the inhibition of Cox enzyme. Because of the probable 
mechanism of inducing asthma, it is felt that selective Cox 2 
inhibitors may not cause asthmatic attacks [111].

10.6.3.4  Paracetamol
Paracetamol or acetaminophen is a widely available analge-
sic with an antipyretic action. It acts by inhibition of the 
COX-3 isoenzyme, reducing the production of prostanoids 
in the central nervous system. This central inhibition explains 
the antipyretic action of paracetamol. Paracetamol shows an 
excellent result in relieving mild-to-moderate pain relief and 
fever [112]. When used in combination with other analge-
sics, it shows superior analgesic power, thereby reducing the 
dose of opioids required [96].

10.6.4  Guidelines to the Use of Analgesics

Since there is no definitive evidence or clear algorithms, 
the selection of NSAIDs, to a large extent, depends on 
clinical experience and side effects. Patient convenience 
and cost also play a minor role in the selection of 
analgesics.

Laskarides (2016), in his review on control of dental pain, 
puts forward his observations (Table 10.20) [113].

10.6.4.1  Analgesic Ladder
WHO initially described the concept of “pain ladder” in their 
guidelines for the use of drugs for the management of cancer 
pain [114]. The concept has been now accepted in the man-
agement of all types of pain [104]. The concept is based on 
the use of first line of drugs for the mild-to-moderate pain 
and then climb the ladder to more potent drugs if pain still 
persists. Please see chapter on postoperative care, to view the 
analgesic ladder.

Table 10.19 Nonsteroidal anti-inflammatory drugs

Drug name Action Analgesic Dose
Salicylic acid 
derivative—Acetyl 
salicylic acid

Analgesic, anti- 
inflammatory, 
antiplatelet, 
antipyretic—
Nonselective cox 
inhibitor

325-650 mg orally 
q4h / 1000 mg orally 
q6h.

Propionic acid 
derivative—
Ibuprofen

Analgesic, anti- 
inflammatory, 
antipyretic—
Nonselective cox 
inhibitor

400–600 mg orally 
q4–6h

Propionic acid 
derivative—
Naproxen

Analgesic, antipyretic—
Nonselective cox 
inhibitor

550 mg orally 
initially, then 275 mg 
orally q6–8h

Acetic acid 
derivative—
Keterolac

Analgesic, antipyretic—
Nonselective cox 
inhibitor

30 mg IV or 60 mg 
IM q6h / 20 mg 
orally initially, then 
10 mg orally q4–6h

Acetic acid 
derivative—
Diclofenac

Analgesic, anti- 
inflammatory—
Nonselective cox 
inhibitor

50–75 mg orally/IV 
q12h

Oxicams—
Piroxicam

Analgesic, anti- 
inflammatory—
Nonselective cox 
inhibitor

10-20 mg orally q 
12 h

N- phenyl—
anthranilates—
Mefenamic acid

Analgesic, anti- 
inflammatory—
Nonselective cox 
inhibitor

500 mg load, then 
250 mg q6h orally

Celecoxib Cox 2 inhibitor 200 mg orally  
q24h / 100 mg orally 
q12h
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10.6.4.2  Preventive /Protective/Multimodal 
Analgesia

Pain is multifactorial in origin and multiple techniques and 
drugs may be required to achieve control over it. The simul-
taneous use of different classes of analgesics and techniques 
has been called preventive, protective, or multimodal analge-
sia [115]. This approach uses a combination of drugs that act 
at different sites of action on the nervous system by different 
mechanisms to prevent peripheral and central sensitization 
of pain. It results in additive analgesia, but with lowered side 
effects than the single agents when used alone. Intraoperative 
local anesthesia followed by a range of analgesic drugs have 
been found to be effective in controlling the pain in day cases 
and reduces the need for opioid analgesics [116].

The complex surgeries involving multiple surgical sites as 
in head and neck oncological cases and craniofacial surger-
ies would gain hugely from the administration of multimodal 
analgesia. Multimodal analgesia can be successfully 
achieved by combining the currently available analgesic 
modalities (Table 10.21).

10.6.4.3  Patient-Controlled Analgesia (PCA)
Patient-controlled analgesics are intravenous agents, deliv-
ered through a microprocessor-controlled infusion pump, in 
which a predetermined dose can be delivered by the press of 
a button, and a lockout time can be set, so that patient cannot 
overdose himself [119]. PCA is usually used in patients who 
are distressed at the thought of postoperative pain. Fentanyl, 
morphine, & combinations are the usually used medications. 
Though PCA was initially thought to reduce the patient pain 
perception, thereby reducing the length of stay (LOS), stud-
ies have failed to show any statistically significant difference 

in the pain score and the LOS between the PCA group & 
non-PCA group of patients after orthognathic surgery [119, 
120]. This could be attributed to the fact that the subjects in 
the PCA group were predominantly bijaw surgery patients 
for whom the surgical time was longer and the surgical pro-
cedure resulted in more tissue injury. But from patient’s per-
spective, PCA is the preferred method, as they feel in charge 
of their own pain control [121].

Table 10.20 Key points in using analgesics

 1 Care to administer correct dose of opioids [100–103]
 2 Opioids + NSAIDs—centrally acting - + peripherally acting 

analgesia ➔ moderate-to-severe pain relief
 3 Tramadol—opioid & nonopioid properties—safe for long-term 

use [106].
 4 Ibuprofen—excellent analgesia, transition drug to wean off form 

opioids [110, 113].
 5 Use NSAIDs with caution—cardiovascular conditions & gastric 

irritation.
 6 Paracetamol, tramadol, & short-acting opioids—drugs of choice 

[113].
 7 NSAIDs drug interactions –

Sulfonyl urea & other hypoglycemic agents
Oral anticoagulants
Phenytoin
Sulfonamides

 8 Paracetamol + NSAIDs—superior analgesic power [89, 112].
 9 Maximum daily dose of paracetamol 4 g decides the dose of 

combination therapy [113].

Table 10.21 The analgesics and adjuncts that can be used in multi-
modal analgesia [117]

Drugs Examples Mechanism of action
A.  Opioids [102]. Codeine,

Hydrocodone
Tramadol

Inhibits excitatory 
neurotransmission of 
substance P, 
acetylcholine, 
noradrenaline, & 
dopamine.

B.  Local anesthesia 
[86, 118] 
techniques.

Bupivacaine, 
levobupivacaine & 
ropivacaine—nerve 
blocks & infiltration

Blocks the pain 
transmission

C.  Acetaminophen 
[112].

Weak analgesic IV administration 
raises the plasma & 
CSF concentration 
rapidly to achieve 
adequate analgesia

D.  Nonsteroidal 
anti-inflammatory 
drugs (NSAIDs) 
[108, 110].

Ibuprofen, 
Diclofenac, 
Mefenamic acid, 
nasal spray of 
ketorolac

Blocks arachidonic 
acid metabolism

E.  Cyclooxygenase 
(COX)-2-specific 
inhibitors [108].

Celecoxib Cox 2 inhibitor

F.  Adjuncts.
  1.  Steroids [80]. Dexamethasone, 

hydrocortisone
Blocks lipoxygenase & 
cox pathways

  2.  N-methyl-d- 
aspartate 
(NMDA).

    Antagonists 
[97, 115, 117]

Ketamine Effects on central 
sensitization & neural 
modulation

 3.  Alpha − 2 
agonists [97, 
115, 117].

Clonidine, 
Dexmedetomidine

Sedative and analgesia- 
sparing effects via 
central actions in the 
locus ceruleus and in 
the dorsal horn of the 
spinal cord, 
respectively

 4.  Anticonvulsants 
[97, 115, 117].

Gabapentin, 
pregabalin

Inhibits central 
sensitization through 
presynaptic or 
postsynaptic inhibition 
of calcium influx, 
which inhibits the 
release of 
neurotransmitters
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10.7  Corticosteroids in Maxillofacial 
Surgery

When tissue damage occurs as a result of injury, body’s natu-
ral defense mechanism is inflammation and body tries to heal. 
But overt inflammation results in pain, edema, and limitation 
of movement, trismus. These symptoms may not be evident 
immediately, but peak after the second day, returning to nor-
mal by seventh postoperative day [122]. Corticosteroids sup-
press the inflammation (Fig.  10.1) by interfering with the 
capillary dialatation, fluid transduation, fibrin deposition, leu-
kocyte migration, and phagocytosis. Under normal nonstress-
ful conditions, the body produces approximately 15 to 30 mg 
of hydrocortisone/cortisol per day. During stressful situa-
tions, 300  mg of hydrocortisone per day can be produced. 
Generally speaking, to suppress inflammation, the dose of 
exogenous corticosteroids must exceed the normal physio-
logical amounts of hydrocortisone released [123].

The first reported clinical use of the anti-inflammatory 
properties of corticosteroids was in the treatment of rheuma-
toid artritis [124], following which its efficacy was tried in 
maxillofacial surgical procedures. The use of steroids and 
their effectiveness have been extensively studied in the third 
molar surgeries—the most commonly performed maxillofa-
cial surgical procedure [125]. Markiewicz et  al. noted that 
postoperative findings of swelling, trismus, and pain were 
significantly lower in the group who received corticoste-
roids, than in the control group in the immediate postopera-
tive period (1–3 days) [126].

The use of dexamethasone and methyl prednisolone, in 
controlling the postoperative sequel of third molar surgery 
when these drugs are administered via parenteral [127], oral 

[128] submucosal [129, 130] and topical [131] routes, has 
been reported.

Studies have evaluated different formulations, dosages, 
and routes and sites of administration of corticosteroids, 
without any consensus. (Table 10.22).

Dexamethasone has a longer duration of action than 
methylprednisolone and is considered more potent.. 
Intralesional/intramasseteric injection of dexamethasone is 
found to be better than the intravenous or parenteral admin-
istration in controlling postoperative edema & trismus and 
has an additional benefit of being given through an already- 
anesthetized area [130, 132].

Almeida et al. (2019) [133] failed to note any benefit of 
submucosal injection of steroid at the local site. Authors gave 
the reason for this as the displacement of the medicine from 
the local site when mucoperiosteal flap is reflected to expose 
the tooth. Similarly, the merits of intravenous administration 
of steroids perioperatively in major surgeries have been ques-
tioned by a group of authors [134]. Kainulainen et al. [134] 
reported infectious complications—pneumonia, gastrostomy 
site infections, & surgical site infections in oncological cases.

Though the reduction of edema brings about some reduc-
tion in discomfort, steroids alone do not have a clinically sig-
nificant analgesic effect [130, 135] This has been attributed 
to the inability of the steroids to block the production of neu-
rotransmitters by the injured tissues and central sensitization 
to pain. The combination of dexamethasone with tramadol or 
diclofenac sodium has been proven more effective in con-
trolling postoperative pain and trismus, as opposed to corti-
costeroids alone [136]. Alexander & Throndson [127] 
summarized few salient points with regard to usage of ste-
roids, based on their review (Table 10.23).

Table 10.22 Commonly used steroids with their anti-inflammatory potency& equivalent dose and commonly used doses [1]

Drug Duration of action Anti-inflammatory potency Equivalent dose Dose
Dexamethasone Long acting 25 0.75 mg 0.5–5 mg /day PO, 4–20 mg /day IV
Betamethasone Long acting 25 0.75 mg 0.5–5 mg /day PO, 4–20 mg /day IV
Prednisolone Intermediate acting 4 5 mg 5–60 mg /day PO

10–40 mg / day IM or IV
Methyl prednisolone Intermediate acting 5 4 mg 4–32 mg /day PO
Triamcinolone Intermediate acting 5 4 mg 4–32 mg /day PO

5–40 mg intra-articular
Hydrocortisone Short acting 1 20 mg 100 mg IV/IM bolus
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10.8  Conclusion

Maxillofacial surgical practice involves use of many thera-
peutics to facilitate the treatment or promote healing. A care-
ful evaluation of these drugs or reported literature, a detailed 
knowledge about their side effects, interactions with other 
chemicals, and how any alterations in the patient’s physiol-
ogy enhance or suppress the mechanism of action of these 
drugs is needed before their use or prescription. It is always 
prudent to remember that no medicine is without side effects 
and the benefits of using them should be weighed against the 
risks involved.
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