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Abstract: The decision to prescribe an adjunctive antibiotic when placing a dental implant in a systemically

healthy patient who is not receiving a bone graft remains a controversial issue. In an effort to elucidate this

enigma, the authors analyzed, from a statistical and clinical significance perspective, seven current systematic

reviews that address this concern. Hypothesis testing often does not provide clear understanding regarding

the efficacy of the administration of antibiotics in association with clinical implantations. Therefore, number
needed to treat (NNT) calculations may be used to determine the effectiveness of antibiotics to reduce dental
implant losses. The NNT indicates how many additional patients need to be treated with antibiotics to avoid an

additional implant failure in another patient. This article addresses two questions: Do antibiotics help reduce

implant loss, and if they do, what is the best drug dosage to use when placing dental implants? Based on NNT

calculations, the data is interpreted to denote that adjunctive antibiotics help reduce early implant loss in sys-

temically healthy patients who are not receiving bone grafts and that 2 gm of amoxicillin prior to implant place-
ment in non-allergic patients appears to be a satisfactory drug dose that provides a clinically significant benefit.

urprisingly the topic of pre-medication or post-med-

ication with antibiotics related to implant dentistry

remains controversial. It would seem that sufficient

research data exists to allow clinicians to determine

areasonable recommendation with respect to the use
of an antibiotic when placing a dental implant in a systemically
healthy patient who is not receiving a bone graft. The literature
is replete with narrative assessments'® and systematic reviews
addressing this subject (Table 1).%!2 However, a number of issues
continue to cause confusion regarding the efficacy of drug admin-
istration. These include different methodologies employed in stud-
ies (eg, dosing regimens), bias in many articles related to subject
selection, poor randomization of patients with respect to providing
therapies, failure to properly blind examiners, and heterogeneity
of studies included in systematie reviews." Furthermore, various
pitfalls that are common in statistical assessments (eg, interpreting
clinical significance) must be taken into account when evaluating
therapeutic benefits of antibiotics.!3*
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Some systematic reviews have noted that when test groups re-
ceiving antibiotics were compared to placebo groups with respect to
implant loss, the percentage of early implant failures was not statisti-
cally significantly reduced if antibiotics were administered.3* The
authors of these reviews concluded that dentists should refrain from
usingantibiotics prophylactically in healthy individuals when the risk
of developing an infection is unlikely. In contrast, other systematic
reviews demonstrated that there are statistically significantly fewer
implantslost when antibiotics are administered in conjunction with
implantations.57%1%12 Sometimes no statistically significant differ-
ences were found between test and control groups, but measures
such as number needed to treat (NNT) demonstrate a benefit when
prescribing an antibiotic as an adjunct to implant placement.!

Reachinga clear consensus regarding the ability of antibiotics to
reduce implant loss is complicated by the fact that quantitatively
(numerically or percentages) improvements are small when test
and control groups are compared (Table 1).5'2 Consequently, the
clinical significance of benefits provided by antibiotics is open to
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interpretation. Nevertheless, even if there is conflicting data, the

preponderance of information if scrutinized carefully should be

able to provide reasonable guidance to protect patients from un-
necessary implant loss and avoid antibiotic overuse that results in

proliferation of antibiotic-resistant bacterial strains."'>'7 The pres-
ent authors, therefore, evaluated the literature from a clinician’s

perspective to determine if there is a biologically plausible basis for
antibiotic use when placing dental implants, and to select the most

appropriate dosing regimen for systemically healthy patients who

are not undergoing adjunctive procedures such as bone grafting.

Statistical Techniques Frequently Used to
Assess Data
This assessment of the literature focuses on data derived from
seven recent systematic reviews (2013-2019) that provided sta-
tistical assessments and NNT values with respect to the utility of
antibiotics to reduce early implant loss.*> Many of the clinical trials
included in these systematic reviews overlap among the articles.
An advantage of systematic reviews compared to single studies or
narrative analyses pertains to their search strategy. Systematic
reviews employ inclusion and exclusion criteria to facilitate selec-
tion of clinical trials with less bias before subjecting them to group
analysis. Systematic reviews frequently include a meta-analysis,
which is a statistical technique that combines data from different
studies into a single approximation of effect size.'s

To help understand published data, a review of issues related to
statistical techniques and clinical significance is necessary. Statistical
significance testing provides a “yes” or “no” answer as to whether
there are differences between variables in test and control groups.
The finding that there is a statistically significant difference between
groups, however, only denotes that the dissimilarity did not occur by
chance."® It does not connote that the variation between groups is

large or important. Therefore, clinicians need to determine if they
think a statistically significant finding is clinically significant. The
definition of clinical significance, however, varies depending on the
specific clinical field being addressed, the size of the effect, the mea-
surement used to evaluate a therapy, and the clinical importance of
the findings.?! Accordingly, it has been suggested that clinical sig-
nificance denotes a change that may alter how a clinician will treata
patient and this value judgment varies depending on the situation.?0%
In healthcare, risk refers to the probability of a bad outcome.”®
Different terms such as absolute risk reduction (ARR), relative risk
(RR), and relative risk reduction (RRR) are used to characterize
the effect size of an intervention. Formulas for these definitions are
listed in Table 2.2
Another calculation that can help clinicians understand the clini-
cal significance of data is the NNT.**** The NNT is often used in the
medical literature to demonstrate the number of individuals (or
sites) who must be treated with an intervention therapy in order
to prevent one additional adverse event compared to the expected
results in the control group. The NNT is the inverse of the differ-
ence between the proportion of events in the control group (Pc)
and the proportion of events in the intervention group (Pi): NNT
=1/(Pc-Pi).” For example, if two groups of patients are compared
with respect to implant loss, and the control group (Pc) receives
no antibiotics and the intervention group (Pi) is given amoxicillin,
and subsequently 6% of the patients in the control group lose an
implant and 2% of the patients in the intervention group lose an
implant, then the NNT would be calculated as: NNT = 1/.06-.02
= 25.7 This means that 25 individuals must be treated with a pro-
phylactic antibiotic to avoid loss of an implant in another patient.
NNT values were used in the present analysis to provide a clini-
cally relevant parameter to assess studies where statistical signifi-
cance testing does not clarify the clinical significance of the use

Antibiotics to Reduce Implant Failures

ARR = absolute risk reduction, CI = confid
when treatment group was provided antibiotics versus placebo, - = not available
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NNTs and Other Calculations From Systematic Reviews to Determine Effectiveness of

Authors No. of No. of NNT (95% CI) RR RRR % Implants SS ARR
Studies Patients/ Lost in
Included in | No. of Control and
Systematic | Implants Test Groups
Review
|Braun,etale. |8 | 24 (95% €I, 15:6-47.9) | 035 | 573% vs1.49% | Yes | 3.24%
E‘qusvito.b Eet al’ 6 25 (95% ClI, 14-100) 6% vs 2% Yes 4%
Singh Gill etale §3. 3Gy . [043 |51% |48%vs18% |No |3%
Ata-ali. et al® 31-109) 3% vs 1% Yes 2%
3% vs 1% No

Table entries are arranged in order of increasing NNTs, The absolute risk was calculated using the formula NNT = 1/absolute risk.
interval, NNT = number needed to treat, RR = relative risk, RRR = relative risk reduction, S8 = statistically significant reduction of implant loss
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of antibiotics with implant placement. The point of using NNT
values was to demonstrate the clinical utility of antibiotic usage
with a parameter that can be used to address clinical significance.

Antibiotics Regimen in a Healthy Patient Prior to
Dental Implantation

Antibiotics are used to therapeutically treat dental infections and as ad-
junctstoconventional therapy ina prophylactic manner. Prophylactic
use of an antibiotic with dental implants means that it is being admin-
istered before, during, or after surgery to prevent infectious complica-
tions.5#2% Qriginally, Brinemark et al suggested that patients receiving
dental implants should be administered phenoxymethypenicillin 1
hour before the procedure and for an additional 10 days to enhance
earlyimplant survival.® Contemporaneously, the need for prophylactic
adjunctive antibiotics with implants has been questioned 351

Data From Seven Current Systematic Reviews

Seven systematic reviews were summarized with respect to the

ability of adjunctive antibiotic therapy to reduce early implant loss.
In Table 1, the reviews, which span from 2013 to 2019, are listed in

order of increasing NNT values.®"? Five systematic reviews found

that antibiotic administration (test groups) in conjunction with im-
plant placementstatistically significantly reduced implant loss when

compared to placebo groups that received no antibiotics.5*1%12 Two

other reviews found no statistically significant difference between

test and control groups with respect to reducing implant failures.®"

Intheclinical trials, the percentage ofimplant loss with (test group)

and without (control group) adjunctive antibiotics ranged, respectively,
from 1% to 2% and from 3% to 6% (Table 1).52 Differences between

control and treatment groups were small. The ARR (ie, the percentage

implants failed in control group minus percentage implants lost in

test group) varied from 1.8% to 4% (Table 1).¢'2 The RRR forlosingan

implant when antibiotics were given spanned from 45% to 67% (Table

1) RRR indicates the percentage reduced risk reduction for losing
animplant in the test group (antibiotic taken) versus the control group.
The NNT values in Table 1 range from 24 to 55. The presented NNTs

in Table 1 refer to the number of patients that need to be treated with

antibiotics to avoid one more patient with an implant loss.5*2

T

Risk Terms

"AR (Abso'iute Rlsk) the humber of events (good -
diar ¢ ntrol groups,: divided by the
VitRat: group,

AR Tthe AR of events in the control group

: AR = the AR of events in the treatment group
ARR (Absolute Risk Reductlon) AR AR
RR (Relatlve Rlsk) * AR, / AR

RRR (Relative Risk Reduction) (AR ART) / AR,
(RRR can also be calculated as:1- RR)

. NNT (Number Needed: to Treat) =1/ ARR L

106 COMPENDIUM  February 2020

Resistance and Adverse Reactions to Antibiotics
Currently, dentists prescribe around 10% of common antibiotics,?
and it has been estimated that one in three outpatient prescrip-
tions are unnecessary.® The World Health Organization states
that antibiotics are the most commonly misused medicine, and
antimicrobial resistance is becoming widespread and can result in
the loss of antibiotic efficacy.' Antimicrobial resistance is believed
to resultin 25,000 deaths per year.” Furthermore, resistant bacte-
rial strains make it more difficult to treat infections, and prescribed
antibiotics may need to be administered for extended periods of
time to be effective.?? Therefore, a decrease in antibiotic use would
result in a reduction of resistant antibiotic bacterial strains and
would also lessen adverse events such as gastrointestinal and al-
lergic reactions.*** Accordingly, the effects of antibiotics must be
evaluated with respect to their benefit versus risk ratio. Previously,
guidelines were published with respect to what systemic condi-
tions require premedication with antibiotics prior to dental pro-
cedures and this applies to patients receiving dental implants %3¢

Discussion
Implant loss can be attributed to four possible reasons: biological,
mechanical, iatrogenic, and functional” Also, implant survival
rates vary among studies, as there are differences related to the
type of implant and its surface, the treating clinician’s experience,
history of chronic periodontitis, bone quality, smoking status, and
implant location.®° In addition, antibiotic coverage may statisti-
cally significantly affect early implant survival rates 6791012
Transparency is needed with respect to the utility of antibiotics in
conjunction with implant placement insystemically healthy patients
to reduce the incidence of implant loss. Two major issues need to be
addressed. First, there is the question of whether antibiotics adminis-
tered in conjunction with implant placement decrease implant failures
toalevel that would be considered clinically significant. Second, if this
is true, then what is the best dosing schedule to achieve this outcome?
Clinical trials compared implant loss among groups that did and
did not receive adjunctive antibiotic therapy to determine if there
was a statistically significant difference between treatment and con-
trol groups.*** The finding of statistical significance between groups,
however, often fails to provide the clinician with clear understanding
regarding the clinical benefit of antibiotic therapy. Five of the seven
systematic reviewsin Table 1 indicated that antibiotics (ie, amoxicillin,
penicillins, clindamycin) provided a statistically significant reduction
of implant loss when antibiotics were prescribed, but the differences
were small between treatment groups and the clinical significance of
these findingsis unclear.%**'%12 The other two systematic reviews found
nostatistically significant differences with respect to reducing implant
lossbetween groups treated with and without antibiotics; however, they
did provide other information that may be clinically relevant (ie, NNT
calculations).™" In this regard, calculations can be made to determine
howmany patients need to be treated so that another patient does not
lose an additional implant. This calculation is referred to as NNT. 131424
Ingeneral, NNT calculations are easier to understand than other
statistical techniques concerning drug benefits, because they can
define a useful clinical outcome. NNTs calculated from systematic
reviews provide a high level of clinical relevance, because these
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reviews cover many studies. Nevertheless, systematic reviews need
to be of high quality and adequate size and demonstrate validity. In
addition, the NNTs should be considered in light of other issues such
as cost of therapy, the individual’s social and medical priorities, and
development of antibiotic-resistant strains. In medicine a NNT of
five or lower is desirable. However, there are situations whena NNT
of 50 or 100 is considered a desired result. For instance, daily aspirin
used to prevent one death 5 weeks after myocardial infarction has a
NNT of 40. This is a high NNT but still provides a benefit.*

NNT assessments from systematic reviews regarding the ef-
fectiveness of antibiotics are listed in Table 1 and range from 24
to 55.912 A NNT of 24 means that 24 patients need to be treated
with an antibiotic to avoid an additional patient losing an implant.
Similarly, a NNT of 55 signifies that 55 individuals must be admin-
istered an antibiotic to circumvent an additional patient losing an
implant. These two NNTs, 24 and 55, were selected as examples
because they represent the high and low NNTs in Table 1. The
NNTsin Table 1 are high and the 95% confidence intervals (CI) are
large, indicating there is much variability between included studies.

With respect to dental implants, if the NNT is 24 and a clinician
places 100 implants with adjunctive antibiotics, this means that 4.17
patients avoided additional implant failures (100/24 = 4.17) (patients
receiving implants/NNT = number of patients that avoided implant
loss). Foran implantsurgeon who places 200 implants per yeara NNT
of 24 means that 8.34 patients (200/24) avoid implant failure due to
adjunctive antibiotic coverage. A NNT of 55 for 200 patients means
that 3.64 (200/55) individuals circumvent implant loss, The sample
size of 200 was chosen to represent an office that places a considerable
amount of implants. Mathematically, it may seem like overtreatment
to medicate 200 patients to avoid 3.64 to 8.34 patients from losing an
implant; however, from the point of view of a clinician who places 200
implants per year, loss of implants in 3.64 to 8.34 patients per year is
problematic. When interpreting NNT values, the clinician also needs
to consider the cost of retreatment, time, effort, possible loss of bone,
and the patient’s disappointment if an additional surgery is needed
that could have been avoided if an antibiotic were prescribed.

It should be noted that for this literature assessment, systematic
reviews were selected that estimated NNTs regarding the number of
patients who had to be treated with an antibiotic to avoid an implant
failure in another patient; the reviews did not address what occurs if
apatient lost multiple implants. From another perspective, if NNTs
were calculated for the number of implants that would need to be lost
to prevent one additional implant loss if antibiotics were prescribed,
then the problem would be lack of independence among implants
within patients. Therefore, the best unit for analysis is the patient.

Overuse of antibiotics is recognized as a dilemma, and promis-
cuous use of these chemotherapeutic agents needs to be elimi-
nated.*” Nevertheless, clinicians need to decide on an individual
case basis if they think the NNTs recorded in Table 1 provide a
clinically significant benefit with respect to reducing implant loss.
The present authors interpret the data to indicate that antibiotics
in conjunction with dental implantation do provide a clinically
significant advantage with respect to reducing implant loss in sys-
temically healthy patients not receiving bone grafts.

The next important question is what antibiotic dose is enough to
108
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avoid implant loss. Several systematic reviews compared single pre-
operative dosing with amoxicillin to other antibiotic regimens.*
This was done to determine if a loading dose of amoxicillin was
sufficient to reduce implant loss compared to postoperative or a
combination of preoperative and postoperative antibiotics, It was
reported that a single dosing with amoxicillin when compared to
a placebo achieves better results than a placebo with respect to
reducing implant failures.” In their systematic review, Esposito et
al”’ demonstrated 2 gm?#** and 3 gm* of amoxicillin 1 hour before
the procedure reduces loss of implants better than a placebo. The
NNT for prophylactic amoxicillin was 25 (95% CI, 14 to 100), and
Esposito et al suggested that a 2 gm prophylactic dose seemed sen-
sible.” There was no reported advantage for reducing postoperative
infections with use of prophylactic amoxicillin.”

Rodriguez Sanchez et al also noted that a single-dose amoxicil-
lin given preoperatively is beneficial when compared to postop-
erative amoxicillin."” Preoperative doses assessed were 1 gm,* 2
gm, 2627424548 and 3 gm.* This was compared to a variety of postopera-
tive regimens and combinations of preoperative and postoperative
schedules.?*#46-#% The results indicated that a single dose preopera-
tively significantly prevented postoperative loss of implants (RR =
0.50, RRR = 50%), whereas postoperative doses of amoxicillin did not
(RR=0.60, RRR =40%)."* The NNT for preoperative amoxicillin with
respect to preventing a patient from losing an additional implant was
67 (95% Cl, 26 to 125)."* It is perplexing that Rodriguez Sdnchez et
al”*found a NNT of 67 and Esposito et al’ recorded a NNT of 25 with
respect to how many patients needed to be treated to avoid an addi-
tional patient losing an implant when amoxicillin was administered
as aloading dose. This large discrepancy can probably be attributed
to inclusion of different studies in their analyses. The general NNT
for all antibiotics used in the Rodriguez Sinchez et al review was 55.12

Two additional recent studies not listed in Table 1 are worth
mentioning, as they broaden the discussion regarding preopera-
tive prophylactic amoxicillin.***° Kashani et al published a large
study (not a systematic review) that provides additional support
for using a 2 gm amoxicillin loading dose prior to implantation.*
They placed implants in 223 patients who were pre-medicated
with 2 gm of amoxicillin and in 224 patients who did not receive
any pre-medication. There was a statistically significant reduction
in the percentage of patients who experienced implant loss who
received 2 gm of amoxicillin when compared to individuals who did
not receive antibiotics, 4.9% versus 12.9% respectively. The present
authors calculated the NNT values for patients in the Kashani et al
study*® and it was 12,5 (NNT =1/12.9%-4.9% = 12.5).

Romandini et al presented a different point of view in a systematic
review addressing antibiotic prophylaxis prior to dental implant
placement.* Their review included nine randomized controlled
trials (in some studies other therapies besides implants were con-
ducted) and no NNT values were reported. They compared the
rate of early implant loss with respect to an adjunctive placebo (ie,
no antibiotic), versus a 2 gm or 3 gm loading dose of amoxicillin 1
hour before implantations. The implant failure rate among patients
taking antibiotics versus not taking antibiotics was, respectively,
1.8% versus 5.6%. All protocols with antibiotics obtained a better
result than treatment with a placebo. The authors noted that a3 gm
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prophylactic dose provided the optimum therapy to reduce early im-
plantloss based on one clinical trial included in theirmeta-analysis.
They also stated that there was inadequate data to confidently advise
using this specific dosage (3 gm) and that a 2 gm preload dose did
not seem Lo be an effective preloading dose. This latter comment
does not agree with the present authors’ interpretation of the data
and is included to underscore that the precise ideal loading dose has
not been confirmed. Nevertheless, elinicians need to make decisions
based on the best available information. In this regard, the present
authors interpret the data provided by Esposito et al,” Rodriguez
Sinchez etal,”” and Kashani et al* to support the concept that 2 gm
of amoxicillin 1 hour prior to implantations in a systemically healthy
patient seems to help reduce early implant failures.

With respect to pharmaceutical availability and efficacy, it should
be noted that evaluations have been done to determine the single-
dose bioavailability of amoxicillin in alveolar bone plasma and
venous blood. If 1 gm of amoxicillin is administered 1 hour before
a procedure, the level of amoxicillin in the bone plasmais 5 ug/ml
(range 2.04 ug/ml to 11.18 ug/ml) and in the venous blood it is 4.21
ug/ml (range 1.6 ug/ml to 9.98 ug/ml).” When 2 gm of amoxicillin
were administered 1 hour before surgery the levels of amoxicillin
were 18.2 ug/mlin the alveolar plasma™ and 14 ug/ml in the gingival
crevicular fluid.™ This level of amoxicillin exceeds the minimum
inhibitory concentration (MIC) for bacteria often associated with
local oral infections: Porphyromonas gingivalis - MI1C <0.25 ug/ml;
Bacteroides forsythus — MIC <0.5 ug/ml; and Fusobacterium spp -
MIC <0.25 ug/ml.™ In general, antibiotic efficacy is attained in a
range two Lo four times the MIC for a bacterium,” which is achieved
with a loading dose of 1 gm to 2 gm of amoxicillin.

Numerous other issues need to be considered when assessing
data concerning the helpfulness of antibiotics to reduce implant
loss. For instance, the systematic reviews addressed in this article
used implant failure and infections as primary outcomes to assess
antibiotic uscfulness. Since antibiotics are directed at reducing the
incidence of infections, it is puzzling that most studies do not report
adecrease postoperatively when antibiotics are administered com-
pared to a placebo, despite benefits noted regarding a reduction of
implant losses.""* This may be because asymptomatic infections
can occurand not be identified clinically.”” On the other hand. it could
be argued that early implant failure is a multifactorial event and
infection is one of several causes of implant failure. Thus, if other fac-
tors are not considered, the utility of antibiotics may be overstated.™
Another concern relates to the duration of studies, which can vary.
Pertinently, short-term studies may appear to increase the success
of antibiotics to reduce failures because a sufficient amount of time
may not have been allowed for implant losses to occur,”

Conclusion

Because only a small number of implants are lost after placement
when no adjunctive antibiotics are prescribed, it is understandable
that the use of adjunctive antibiotics does not always result in a sta-
tistically significant improvement with respect to reducing carly
implant failures. However, all systematic reviews addressed in this
article demonstrated fewer implant losses when antibiotics were
administered with implant placement. Five of the seven systematic

www.compendiumlive.com

reviews indicated the reduction in implant loss was statistically sig-
nificant (Table 1). In addition, NNT calculations provide clinicians
the ability to judge the effectiveness of antibiotic coverage when plac-
ingan implant. Based on NNT and statistical assessments (Table 1),
the present authors interpret the data to connote that thereis a clini-
cally significant benefit to prescribing an antibiotic in conjunetion
with implant placement with respect to reducing early implant loss
in systemically healthy individuals who are not receiving bone grafts.

Regarding delineation of a specific loading dose of amoxicillin that
could be used to reduce carly implant loss in systemically healthy
individuals who are not allergic to amoxicilin, the data is less con-
clusive. Nonetheless, the present authors interpret the available
information described in the text to demonstrate that adminis-
tration of 2 gm of amoxicillin, 1 hour before surgery, appears to
provide a clinically significant reduction of early implant failures
in a non-allergic, systemically healthy patient when no adjunctive
bone grafting is performed. This recommendation could be altered
as more revealing studies are published.
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