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Abstract

Purpose To evaluate the clinical efficacy of various analgesic medications in mitigating orofacial pain following dental implant surgery.
Materials and methods A systematic search was conducted to identify randomized controlled clinical trials (RCTs). The primary
outcomes examined were post-operative pain (POP) and consumption of rescue analgesics following implant placement; sec-
ondary outcomes included adverse effects, post-operative inflammation, infection, swelling, bleeding, patient satisfaction, and
quality of life. Random effects meta-analysis was conducted for risk ratios of dichotomous data.

Results Nine RCTs fulfilled the eligibility criteria. Individual studies and meta-analysis of two studies indicated that nonsteroidal
anti-inflammatory drugs (NSAIDs) significantly reduced POP and consumption of rescue analgesics after dental implant place-
ment compared to placebo. Transdermal administration of NSAIDs may be superior to the oral route as it was similarly effective
for POP control and resulted in fewer side effects. Glucocorticoids administered as primary analgesics or NSAID adjuvants
resulted in comparable pain sensation compared to NSAIDs alone. Caffeine-containing analgesics were reported as acceptable
and effective for the treatment of POP and swelling when compared to codeine adjuvants. With regard to analgesic dosing
schedules, pain modulation may be most critical during the first 72 h following dental implant placement. Risk of bias assessment
indicated an overall low risk of bias across the included trials.

Conclusion Within the limitations of this review, POP following implant surgery may be effectively treated with the short-term
use of analgesic medications. However, given the heterogeneity in the available RCTs, there is insufficient evidence to recom-
mend an analgesic regimen following dental implant surgery.

Clinical relevance Short-term use of analgesic medications may be sufficient for post-operative pain management in dental
implant surgery. Ultimately, the clinician’s analgesic prescription should be directed by a patient’s medical history, in order to
increase the success of pain management in a short period of time and decrease potential adverse effects.

Trial registration CRD42018099324
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Introduction of the opioid epidemic, healthcare providers have been com-
pelled to prescribe non-opioid pharmacologic agents to reduce
pain (Center for Disease Control, National Center for Health

Statistics, 2017) [1]. A recent overview of systematic reviews,

Post-operative pain (POP) management following surgical
implant placement is critical for optimal dental care. In light
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summarizing the available evidence on the benefits and harms
of analgesic agents, concluded that nonsteroidal anti-
inflammatory drugs (NSAIDs), with or without acetamino-
phen, are equally effective or better than opioid medications
for post-operative dental pain relief [2].

Post-operative pain in dental implant surgery is the
result of a surgical insult to the tissue and the subsequent
inflammatory process [3]. Prostaglandins, among other
inflammatory factors, sensitize peripheral nerve endings
and produce electrophysiological changes that result in
the pain sensation [4]. The initial insult causes a firing of
fast speed myelinated A-delta fibers that ultimately
transmit the pain signal to the central nervous system
(CNS) where the pain signal is interpreted; inflammatory
pain then results from the activation of slow unmyelin-
ated C-fibers and reaches its peak 48—72 h following the
completion of the surgery [3]. Theoretically, if these fir-
ing pathways were inhibited, the sensation of pain fol-
lowing implant surgery should be relieved. However,
pain modulation is complex as pain signaling pathways
are influenced by patient-specific physiological and psy-
chological factors, such as gender, age, predisposition to
feeling pain, anxiety levels, and pain expectations [5, 6].
Thus, variable dosing and non-pharmacological tech-
niques may be required for effective control of POP in
some cases.

Considering the urgency of the opioid epidemic, the
prescription of non-opioid medications has been support-
ed when appropriate. Analgesic medications, such as
NSAIDs, are being used to reduce pain following im-
plant surgery. However, the most effective analgesic
medication for the management of POP after dental im-
plant placement procedures has not yet been identified.
Thus, the aim of the present systematic review of the
literature and meta-analysis is to determine if there is a
difference in mitigating orofacial pain following dental
implant surgery for the administration of analgesic med-
ications versus no medications and, more specifically,
for various analgesic regimens with regards to medica-
tion compound, dosage, and dosing schedule.

Methods
Standardized criteria and type of study

A detailed protocol was designed according to the guidelines
of the Cochrane Handbook [7] as well as the Preferred
Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) [8] criteria in order to appropriately select and
critically appraise the clinical studies included in the present
review.

@ Springer

Registry protocol

The review protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO)
(CRD42018099324).

Criteria for considering studies for this review

The focus question for the present systematic review was as
follows: For patients undergoing surgical dental implant
placement (Population), is there a difference using an analge-
sic medication (I/ntervention) versus comparative pain
therapy/placebo (Comparison) in the efficacy of mitigating
POP (Outcome), as reported in randomized controlled trials
(RCTs)?

Eligibility criteria
Inclusion criteria

For inclusion, the studies were required to meet the following
criteria:

1. Randomized controlled trials (RCTs).

2. Overall healthy human adult patients (>18 years) under-
going surgical dental implant placement and receiving
analgesic treatment for POP management.

3. Presence of a comparative analgesic treatment group or no
analgesic/placebo control.

4. Analgesic treatment with the specification of the analgesic
compound, dose, and duration.

5. Subjects, N > 10 in each group.

6. Perception of pain and/or rescue analgesic consumption
reported for a minimum of 12 hours (h) following com-
pletion of surgery and up to 14 days following the
procedure.

Exclusion criteria
The exclusion criteria were as follows:

1. Prospective cohort studies, controlled clinical trials, case
reports, retrospective studies, systematic reviews, animal
trials, and in vivo and in vitro studies.

2. Studies that were not published as full reports, such as
conference abstracts and letters to editors.

3. Incomplete data.

4. Studies that involved any additional therapy that could
have affected the outcomes (e.g., simultaneous ridge aug-
mentation, maxillary sinus augmentation procedures, im-
plant placement into the infected site).

5. Studies in children.
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Types of interventions

Included studies had at least one treatment arm using an anal-
gesic treatment, and a comparison arm using either a placebo
and/or a comparative analgesic treatment.

Types of outcome measures
Primary outcomes

The primary outcomes included the following: patient-
reported pain outcomes (including pain relief scale (PRS),
pain intensity scale (PIS), visual analog scale (VAS), numeric
rate scale (NRS), and verbal rating scale (VRS)) and the need
for rescue analgesics (total number of doses, type of analgesic,
time to first rescue analgesic, and duration).

Secondary outcomes

Secondary outcomes included the following: adverse effects
related to analgesic therapy, post-operative inflammation, in-
fection, swelling, bleeding, and complications (e.g., wound
dehiscence), and patient satisfaction and/or quality of life.

Search methods for identification of studies

With the help of a medical and dental librarian (RM), literature
searches were performed in the following electronic data-
bases: PubMed, Cumulative Index to Nursing and Allied
Health Literature (CINAHL), Embase, and Dentistry & Oral
Sciences Source (DOSS). Articles published up to November
1, 2020, were included. Primary and secondary subject head-
ings were selected specifically for each database. Concepts
and subject headings were combined for each of the database
searches (Appendix 1). The search was not limited by any
restrictions on language or date of publication.

In addition, a hand search in dental journals, published
between January 1990 and November 1, 2020, was per-
formed. The list of journals included is presented in
Appendix 2. The reference lists of the identified studies and
relevant reviews were also scanned for possible additional
studies.

Finally, online databases providing information about on-
going clinical trials were included in the search (clinicaltrials.
gov; www.centerwatch.com/clinicaltrials; www.
clinicalconnection.com).

Data collection and analysis
Selection of studies

Eligibility assessment was performed through title and ab-
stract analysis and subsequent full-text analysis. Titles and

abstracts for studies identified through the electronic database
search were scanned independently by three reviewers (M.A.,
B.M.,, S.F.) for possible inclusion in the review, according to
pre-determined eligibility criteria. After selection, the full-text
papers were read in detail, independently by two reviewers
(M.A., B.M.), to determine if the articles met all inclusion
criteria. Disagreements were solved by discussion and consen-
sus and moderated by a fourth reviewer (I.K.). Reasons for
study exclusion were recorded.

Data extraction and management

Data extraction was independently completed by two review
authors (M.A., B.M.) using a standardized data extraction
form (Appendix 3) that was specifically designed for the pres-
ent systematic review. The final extracted data was double
checked by the same two reviewers (M.A., B.M.) as well as
a third reviewer (S.F.); following data collection, data extrac-
tion forms from each of the two independent reviewers (M.A.,
B.M.) were compared by the third reviewer (S.F.) to ensure
data extraction accuracy. Disagreements were resolved
through discussion and consensus and moderated by a fourth
party (LK.). In case of incomplete data reported in the includ-
ed studies, the corresponding authors were contacted for
clarification.

Assessment of risk of bias in included studies

The Cochrane Handbook was applied to assess the risk
of bias and evaluate the methodological quality of all
included studies [8].

Risk of bias assessment was independently completed by
three reviewers (A.K., LK., M.M.) by application of the
Cochrane Risk of Bias tool within the RevMan 5.3 software.
The following seven domains were included in the risk of bias
assessment: selection bias (random sequence generation and
allocation concealment), performance bias, detection bias, attri-
tion bias, reporting bias, and other bias. Corresponding authors
of the included studies were contacted via email for detailed
information on study methodology, when key domains were
assessed as unclear risk of bias by the three reviewers. Any
disagreements were resolved by discussion.

Statistical analysis

If studies assessed the same intervention and reported similar
outcome measures, a meta-analysis was attempted; in cases of
insufficient data for statistical analysis, a narrative synthesis
was planned. The meta-analysis was conducted using
RevMan statistical software version 5.3 (The Cochrane
Collaboration, Manchester, UK). For dichotomous outcomes,
treatment effects were expressed as risk ratios together with
95% confidence intervals. For continuous outcomes, such as
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visual analog scale (VAS) scores, mean differences, and 95%
confidence intervals were calculated using random effects.
The variation in treatment effects was assessed by means of
Cochran’s test for heterogeneity and /* statistics (Higgins
2011); heterogeneity was considered statistically significant
if the P value was < 0.05.

Results
Results of search

The electronic search yielded a total of 990 results and
787 articles when duplicates were removed. The hand
search yielded one additional relevant article. A total of
788 abstracts were screened; 769 articles were excluded
following the abstract screening process and nineteen
articles were included in the full-text analysis. Ten of
the nineteen articles were excluded as they did not meet
eligibility criteria [9—18]. Reasons for study exclusion
are summarized in e-Table 1. The remaining nine articles
were included in the present systematic review. The re-
sults for the study selection process are shown in e-
Figure 1.

Description of included studies
General characteristics of included studies

A total of nine RCTs [19-27] were included in the systematic
review on the basis of the pre-determined eligibility criteria.
The nine trials included a total of 560 patients with 829
implants.

Eight of the nine studies examined the efficacy of using
NSAIDs to reduce POP and consumption of rescue analgesics
following implant surgery [19-21, 23-27]. Additionally, two
of these studies attempted to determine the efficacy of corti-
costeroids as a primary or adjuvant analgesic [19, 27]. One of
the nine included studies evaluated the efficacy of using anal-
gesics containing opioid versus caffeine adjuvants for manag-
ing POP and swelling [22].

Study characteristics, including study design, treatment
groups, study site, and surgical protocol, are shown in Table 1.

Effects of interventions

Table 2 and e-table 2 summarize the primary and secondary
outcomes of the included studies, respectively.

I.  Individual study results

a. NSAIDs only comparison:

@ Springer

Ibuprofen (NSAID) vs. placebo Alissa et al. (2009) reported
that rescue analgesic consumption mirrored pain percep-
tion and the controls consistently consumed significantly
higher numbers of analgesic tablets for pain relief as com-
pared with the group that received post-op ibuprofen (P <
0.001). The placebo patients took 2.5 tablets daily on
average compared to 1 tablet for the ibuprofen patients
resulting in a total of 533 tablets and 186 tablets, respec-
tively. Two of 31 patients in the ibuprofen group were
unable to complete the prescribed course of ibuprofen
due to self-reported minor stomach upset and dropped
out of the study [25].

Pereira et al. (2020) reported significantly lower VAS
scores overall in the pre-op ibuprofen group compared to the
placebo group overall (P < 0.001) and at 1 (P =0.01), 6, 12,
and 24 h (P < 0.001) post-op. The overall VAS scores in the
ibuprofen group were 0.30 £ 0.57 compared to 1.14 = 1.07 in
the placebo group. The group also reported significantly lower
use of rescue medications and longer post-operative time
elapsed from the first rescue event in the ibuprofen group
compared to placebo (P = 0.002). None of the patients in
either of the study groups reported major adverse effects
and/or drug side effects.

Lornoxicam (NSAID) vs. placebo Boliikbasi et al. (2012) re-
ported a reduction in pain intensity at all time points for
patients who received quick-release lornoxicam (NSAID)
following implant surgery compared to those who received
a placebo (P = 0.000) [21]. Patients who were given
lornoxicam did not report severe pain at 60 min, 90 min,
or 2 h post-op. Conversely, of the patients given a placebo,
12.2%, 9.8%, and 17.1% reported severe pain at 60 min, 90
min, and 2 h post-op, respectively. The number of patients
requiring rescue analgesics was significantly greater in the
placebo group, while the level of patient satisfaction was
significantly higher in the LNX-treated patients (P =
0.007). None of the patients in either of the study groups
reported adverse events [21].

Dexketoprofen trometamol (NSAID) vs. placebo Sanchez-
Perez et al. (2018) reported that pre-op administration of
DKT (NSAID) significantly reduced pain severity immediate-
ly post-op (P < 0.023) as compared to placebo; the average
pain VAS reported immediately post-op by the DKT group
was 3.75 (CI, 2.0-5.41) compared to average pain of 8.52 (CI,
4.74-12.3) reported by the placebo group. However, there
was no statistically significant difference between the groups
in pain scores reported during the late follow-up period, 3—7
days post-op. The DKT group also experienced a lower de-
gree of inflammation and swelling as compared to the placebo
group. The authors reported the absence of adverse events,
post-operative infections, and wound dehiscence in both study
groups [20].
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Piroxicam (NSAID) vs. placebo Bhutani et al. (2019) reported
that the VAS pain intensity was significantly lower in the
piroxicam (peri-operative sublingual administration) group
overall and at all self-reported time intervals (6 h, days 1, 3,
and 5) except for 1 h post-op, compared to the placebo group
(placebo pre-op and NSAID for 3 days post-op). Mean swell-
ing scores were also significantly lower in the piroxicam
group. Neither side effects nor adverse events were included
in the study [24].

Oral and transdermal NSAID comparison Rajeswari et al.
(2017) found in their split-mouth design trial that there were
no statistically significant differences in pain outcomes be-
tween the oral and transdermal routes of diclofenac delivery.
However, the safety of the transdermal route was superior, as
three patients reported gastric irritation and a mild burning
sensation when taking oral diclofenac and none of the patients
developed any adverse effects when using the transdermal
patch [26].

b. NSAIDs and corticosteroids (primary or adjuvant analge-
sic) comparison:

Ibuprofen (NSAID) vs. dexamethasone (corticosteroid) vs. pla-
cebo Bahammam et al. (2017) found that both dexametha-
sone (corticosteroid) and ibuprofen (NSAID) significantly
reduced pain up to 3 days after surgery and discomfort up
to 2 days after surgery compared with placebo treatment
[19]. Ibuprofen and dexamethasone were equally effective
in reducing POP and swelling following surgical implant
placement; no statistical difference between these two an-
algesic medications was reported at any time point.
However, all patients in the placebo group required rescue
analgesics compared to lower numbers of rescue analgesics
taken by patients in the ibuprofen and dexamethasone
groups; there was no significant difference in the number
of rescue analgesics taken by patients in either of the anal-
gesic therapy groups. The time to first rescue analgesic was
also lower in patients in the placebo group compared to the
analgesic therapy groups. The authors reported the absence
of adverse events in any of the groups [19].

Ketorolac (NSAID) vs. ketorolac and betamethasone (NSAID +
corticosteroid) Meta et al. (2017) found no significant differ-
ence (P> 0.05) in pain sensation and swelling between subject
groups treated with peri-operative ketorolac (NSAID) alone
versus ketorolac in conjunction with betamethasone (cortico-
steroid). While pain sensation was rated approximately 0.76
higher in the group that received both ketorolac and
betamethasone compared to ketorolac alone 3 days post-op,
this difference was not statistically significant. Extra- and
intra-oral inflammations were not different between the

groups at each time point. Neither side effects nor adverse
events were included in the study [27].

c. Opioid vs. caffeine analgesic adjuvants comparison:

Acetaminophen containing codeine vs. acetaminophen-
containing caffeine Samieirad et al. (2017) determined that
the post-operative combination of acetaminophen with co-
deine was significantly more effective in reducing pain than
acetaminophen combined with caffeine (p = 0.001) at 3-, 6-,
and 12-h intervals; average pain VAS 12 h post-op was 5.17 +
1.757 for caffeine and 3.22 +1.003 for codeine [22].
Conversely, acetaminophen combined with caffeine was more
effective in reducing post-operative swelling (p = 0.018); av-
erage swelling levels (VAS) for the first day post-op were 1.11
+0.583 for caffeine and 1.39 +£0.916 for codeine. Neither side
effects nor adverse events were included in the study [22].

1. Qualitative comparison of primary outcomes reported in
included studies

Table 2 summarizes the primary outcomes of the included
studies.

a. Changes in pain over time

The included studies reported patients’ pain scores during
their respective follow-up periods. One trial monitored POP
for 2 weeks following surgery [27]; four trials for 7 days post-
op [19, 20, 22, 25, 27]; one trial for 5 days post-op [24]; two
studies for 3 days post-op [23, 26]; and one trial forup to 12 h
after surgery [21].

The highest levels of pain in analgesic and comparative/
placebo study groups were reported in the 1 day post-op
[19-24, 26] or 2 days post-op [19]. The general trend of post-
operative pain in all study groups was low to moderate for the
first 3 days post-op, followed by a gradual decline over the sub-
sequent fourth day post-op; from the fourth day post-op onward,
the pain was reported as low to no pain across the studies [19, 20,
22,24,27].

Intergroup comparisons that examined differences in pre-op
NSAID and placebo (pre- or peri-op NSAID versus pre-op pla-
cebo only or pre-op placebo and post-op NSAID) indicated var-
iable results in relation to time. Sanchez et al. 2018 found statis-
tically significant differences in pain VAS outcomes immediate-
ly post-op but not at 2 h post-op and during subsequent follow-
up times through 7 days post-op [20]. Bhutani et al. (2019) found
statistically significant differences in pain intensity VAS from
6 h post-op through 5 days post-op but not at 1 h post-op [24].
Periera (2020) found statistically significant differences in pain
intensity VAS from 1 to 24 h post-op but not 48—72 h post-op
[23]. In the intergroup comparison of post-op NSAID and

@ Springer
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placebo, Bolukbasi et al. (2019) found statistically significant
differences in the pain intensity scale (PIS) from 30 min through
4 h post-op but not at 15 min and 12 h post-op [21].

b. Qualitative comparison of rescue analgesic consumption

All three studies that included rescue analgesic consump-
tion as an outcome in the comparison of NSAID and placebo
study groups found that a significantly greater number of res-
cue analgesics were consumed in the placebo group [21, 23,
25]. Similarly, the study that included rescue analgesic con-
sumption as an outcome in the comparison of NSAIDs, corti-
costeroids, and placebo found that all patients in the placebo
group required rescue analgesics compared to lower numbers
of rescue analgesics taken by patients in the NSAID and cor-
ticosteroid groups, while no significant difference was found
between the two analgesic groups [19]. In regard to the time
elapsed to the first rescue analgesic, the two studies that re-
ported on this outcome found that significantly less time
elapsed to first rescue analgesic in the placebo group com-
pared to the NSAID [23] and NSAID and corticosteroid
groups [19].

HI.  Qualitative comparison of secondary outcomes reported
in included studies

e-Table 2 summarizes the secondary outcomes of the in-
cluded studies.

a. Adverse events

Five[19-21, 23, 25, 26] of the eight studies comparing oral
administration of analgesics and comparative analgesic/
placebo [19-27] reported adverse effects and/or drug side ef-
fects. Only one of these studies [25] reported gastric side ef-
fects in the ibuprofen group and not the placebo group. The
other four studies reported the absence of adverse effects and/
or drug side effects in the comparison of NSAIDs and placebo
[20, 21, 23, 25] as well as corticosteroids as a third study
group comparison [19]. Furthermore, one study [26] compar-
ing the transdermal and oral routes of NSAID administration
reported that three patients taking the oral NSAID reported
gastric side effects and none of the patients using the transder-
mal patch developed any adverse effects; the authors conclud-
ed that the safety of the transdermal route is superior to the oral
administration [26].

b. Post-operative inflammation, infections, swelling, and
dehiscence

Three studies included post-operative inflammation as a

study outcome [20, 22, 27]. A higher degree of inflamma-
tion was found in the placebo compared to the NSAID

@ Springer

group [20, 22, 27]; in the NSAID group compared to
NSAID plus corticosteroid group [27]; and in the codeine
compared to the caffeine group [20, 22, 27]. The difference
in inflammation between study groups was greatest in the
first 3 days post-op [22, 27].

Four studies included post-operatives swelling as a study
outcome [20, 22-25]. Two of the studies reported that swell-
ing was lower in the NSAID compared to the placebo group
[20, 24] with statistical significance through 5 days post-op
[24]; one of the studies reported absence of swelling in both
the NSAID and placebo groups [23]. The study examining
acetaminophen with codeine compared to acetaminophen
with caffeine reported that the swelling peaked in both groups
at 2-days follow-up; the swelling was lower in the caffeine
compared to the codeine group throughout the 7-day study
period and the difference was significantly different through
3-days follow-up [22].

Three of the included studies included soft tissue dehis-
cence as a study outcome [19, 20, 25]. One study reported
that 2 of 29 patients in the placebo group and 0 patients in
the NSAID group experienced soft tissue wound dehiscence
and subsequent exposure of the implant cover screw, but the
dehiscence in the placebo group was caused by inadequate
relief of the denture [25]. The other two studies observed 0
cases of wound dehiscence in the NSAID and placebo groups
[20] as well as the corticosteroid group [19].

c. Patient satisfaction

One of the included studies reported levels of patient satis-
faction as a study outcome and found significantly higher
levels of patient satisfaction in the NSAID group compared
to the placebo group [21].

Pooled data

Meta-analysis was conducted for two studies that exam-
ined pain VAS in peri-operative NSAIDs compared to
pre-op placebo with post-op NSAIDs [20, 24]. Pooled
results indicated significantly lower and more favorable
pain scores in the peri-operative NSAID group at 1 to
2 h post-op (MD, — 0.38 [%95 CI, — 0.75, — 0.01]; p =
0.04). However, the pain VAS was not significantly dif-
ferent between the two groups at the 6-8-h follow-up, 1-
day follow-up, and 3-day follow-up intervals, as well as
for the 3-day study period overall (MD, — 0.63 [%95 CI,
— 1.62, 0.36]; P = 0.89) (Fig. 1). Analysis of pooled data
could not be conducted for other analgesic regimens and
any secondary outcomes as no other two trials examining
comparative study groups and/or reporting on comparable
outcomes have been published to the best of the authors’
knowledge.
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NSAID pre + NSAID post Placebo pre + NSAID post Mean Difference Mean Difference

Study or roup Mean SD Total Mean SD Total Weight 1V, dom, 95% CI 1V, 95% CI
1.1.11 - 2 hours
Bhutani 2019 0.4 0.6633 20 0.8 0.6782 20 12.7% -0.40[-0.82,0.02] =
Sanchez-perez 2018 1.239 2.116 41 1.544 1.78 42 11.9% -0.30[-1.15, 0.54] T
Subtotal (95% ClI) 61 62 24.6% -0.38 [-0.75,-0.01]
Heterogeneity: Tau? = 0.00; Chi’ = 0.04, df = 1 (P = 0.84); I’ = 0%
Test for overall effect: Z = 2.01 (P = 0.04)
1.1.2 6 - 8 hours
Bhutani 2019 0.95 0.2179 20 4.25 0.7665 20 12.8% -3.30[-3.65, -2.95] —a
Sanchez-perez 2018 1.114 1.526 41 0.995 1.383 42 12.3% 0.12[-0.51,0.75] T
Subtotal (95% CI) 61 62 25.1% -1.60 [-4.95, 1.75] e —
Heterogeneity: Tau? = 5.78; Chi’ = 87.18, df = 1 (P < 0.00001); I = 99%
Test for overall effect: Z = 0.94 (P = 0.35)
1.1.3 1 day
Bhutani 2019 2.7525 0.8437 20 3.4 0.5612 20 12.7% -0.65 [-1.09, -0.20] -
Sanchez-perez 2018 0.786 1.329 41 0.656 1.16 42 12.5%  0.13[-0.41,0.67] o
Subtotal (95% CI) 61 62 25.2% -0.27 [-1.04, 0.49] B
Heterogeneity: Tau? = 0.24; Chi? = 4.78, df = 1 (P = 0.03); I> = 79%
Test for overall effect: Z = 0.71 (P = 0.48)
1.1.4 3 days
Bhutani 2019 1.325 0.6759 20 1.925 0.8258 20 12.6% -0.60([-1.07,-0.13] ===
Sanchez-perez 2018 0.761 1.348 41 0.689 1.216 42 12.5%  0.07 [-0.48, 0.62] =
Subtotal (95% Cl) 61 62 25.1% -0.28 [-0.94, 0.38] <
Heterogeneity: Tau? = 0.16; Chi? = 3.31, df = 1 (P = 0.07); I> = 70%
Test for overall effect: Z = 0.84 (P = 0.40)
Total (95% CI) 244 248 100.0% -0.63[-1.62, 0.36] B o
Heterogeneity: Tau? = 1.96; Chi’ = 226.12, df = 7 (P < 0.00001); I> = 97% _14 52 5 2" ‘4‘

Test for overall effect: Z = 1.24 (P = 0.21)
Test for subgroup differences: Chi’ = 0.64, df = 3 (P = 0.89), I’ = 0%
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Fig. 1 Forest plot of VAS scores comparing NSAID pre-op and NSAID post-op versus placebo pre-op and NSAID post-op at 1-2 h, 6-8 h, 1, and 3 days

after implant surgery

Risk of bias of included studies

All of the included studies are RCTs; risk of bias assessment
determined that all 9 included studies have a low risk of bias
[19-27]. While initially, one study had high-risk bias [26] and
three of the studies had an unclear risk of bias in one to two of
the seven domains assessed [20, 24, 27], the risk of bias was
ultimately determined as low-risk following clarification by
corresponding authors. A risk of bias graph and summary
are shown in Fig. 2.

Discussion
Summary of key findings

Reducing post-operative dental pain is a fundamental compo-
nent in the success of any surgery. To the best of the authors’
knowledge, the present paper is the first to systematically re-
view the current literature reporting on POP pharmacological
management. An extensive literature search identified nine
RCTs on the topic.

Five RCTs concluded that the administration of NSAIDs
pre-op and/or post-op compared to placebo significantly re-
duces POP and the need for rescue analgesics following dental
implant placement [20, 21, 23-25]. In regard to the adminis-
tration route of the NSAIDs, a split-mouth design RCT deter-
mined that while oral and transdermal NSAID administration
has similar efficacy for controlling POP, the transdermal
NSAID group has fewer side effects compared to the oral
administration route and may be a safer analgesic option fol-
lowing dental implant placement [26]. Two RCTs suggested
that the administration of NSAIDs and glucocorticoids results

in comparable POP sensation following dental implant sur-
gery [19, 27] and reduced POP and rescue analgesics com-
pared to placebo [19]. One study comparing acetaminophen
combined with codeine versus caffeine found that while the
codeine more effectively controlled POP throughout the first
12 h following implant surgery, caffeine resulted in signifi-
cantly less swelling during the first 3 days post-op [22]; the
authors determined that the use of caffeine-containing analge-
sics is an acceptable and effective treatment for POP and
swelling [22].

Intra-group comparisons of pain over time suggested the
highest pain levels in the first day post-op, followed by a
gradual decline over the subsequent fourth day post-op and
low to no pain from the fourth day onward.

Given the significant differences in pain outcomes found
between the NSAIDs and placebo groups for all included
studies, intergroup comparisons of pain outcomes over time
were qualitatively examined for these studies. Statistically sig-
nificant differences in pain outcomes varied for intergroup
comparisons as individual studies reported differences imme-
diately post-op [20], 1 to 24 h post-op [23], 30 min to 4 h post-
op [21], and 6 h to 5 days post-op [24]. Furthermore, a meta-
analysis of two studies that examined pain VAS in peri-
operative NSAIDs compared to pre-op placebo and post-op
NSAIDs [20, 24] indicated significantly lower and more fa-
vorable pain scores in the peri-operative NSAID group at 1 to
2 h post-op.

The included studies also suggested that the use of analge-
sics may be favorable compared to placebo for reducing in-
flammation [20, 22, 27] and swelling [20, 22, 24], and im-
proving patient satisfaction overall [21].

On the basis of the results for individual and pooled studies,
and in light of the adverse analgesic effects, analgesic
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Fig. 2 Review of authors’
judgments about each risk of bias
item presented as a percentage in
a graph and b summary for each
included study

a Random sequence generation (selection bias) _
Allocation concealment (selection bias) __

Blinding of participants and personnel (performance bias) _-
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _-

Selective reporting (reporting bias) _

Other bias [

0% 25% 50% 100%

75%

‘ [ Low risk of bias

High risk of bias |

[:] Unclear risk of bias

b

Sanchez-perez 2018

medications for more than 3 days following implant surgery
may not add additional benefits in POP management. In ad-
dition, transdermal rather than oral administration of NSAIDs
should be considered on an individual patient basis and espe-
cially for patients at risk for gastrointestinal adverse effects.

Quality of evidence

The risk of bias assessment indicated a low risk of bias for all
included studies [19-27] meaning that the plausible bias was
unlikely to seriously alter the results. However, it should be
noted that one of the included studies was underpowered for
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reporting a statistically significant difference between groups
[27]; all other included studies attained the statistical power
calculated prior to enrollment.

Agreements and disagreements with previously
published articles

While this is the first review to focus on analgesic POP man-
agement in dental implant surgery, effective therapies for
modulating acute POP have been addressed in other fields
[2, 28, 29].
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Analgesic compound Recent literature on the benefits of glu-
cocorticoids for pain modulation supports the results of two
studies included in the present review on the benefits of dexa-
methasone for reducing pain following implant surgery [19,
27]. Glucocorticoids, such as dexamethasone, have been im-
plicated in the treatment of both acute and chronic inflamma-
tory conditions, albeit, more frequently for the treatment of
chronic inflammation [30]. Historically, glucocorticoids have
not been regularly prescribed to treat acute pain and inflam-
mation because of their immunosuppressive properties.
Nevertheless, in a prospective, RCT, Steffens et al. (2011)
found that administration of dexamethasone prior to periodon-
tal surgery reduces POP and patients’ need for rescue analge-
sics [31]. The administration of dexamethasone to reduce POP
has also been shown in the context of endodontic therapy
[32-34]. Pochapski et al. reported that the pre-emptive use
of dexamethasone resulted in a statistically significant reduc-
tion in POP during the first 12 h following the completion of
endodontic therapy [33]. Aminoshariae et al. (2016) found in
a systematic review that the pre-operative oral administration
of dexamethasone effectively reduced POP following end-
odontic therapy [34].

The administration of caffeine in combination with analge-
sics has also become an area of research interest. A trial in-
cluded in the present review determined that caffeine-
containing analgesics are effective and acceptable in reducing
POP and swelling [22]. Similarly, in a small prospective clin-
ical trial, Rashwan et al. (2009) reported superior pain reduc-
tion following periodontal surgery in patients receiving acet-
aminophen combined with caffeine adjuvants as compared to
those receiving ibuprofen alone (p < 0.001) and suggested that
a combination of acetaminophen with caffeine may be an
alternative treatment option for patients who are unable to take
NSAIDs [35]. Consistent with these findings, Baratloo et al.
(2016) reported in a recent literature review the potential role
of caffeine in pain modulation [36] and suggested that the
addition of caffeine to analgesic medications, such as ibupro-
fen, may improve pain relief by acting on adenosine receptors
[37]. In contrast, a RCT that examined the efficacy of various
analgesics for the treatment of POP following surgical remov-
al of impacted third molars found no clinical difference in
acute POP perception reported by patients who received ibu-
profen alone to the combination of ibuprofen, acetaminophen,
and caffeine [38].

Various other combinations of analgesic medications, in
addition to those examined by included studies, have been
suggested for POP modulation. Moore et al. (2018) concluded
in a review of systematic reviews that the combination of
acetaminophen and ibuprofen delivers a high degree of pain
relief to adult patients with acute dental pain [2]. For the treat-
ment of endodontic pain, Aminoshariae and colleagues (2016)
recommended in a systematic review of RCTs the use of
NSAIDs, and NSAIDs with acetaminophen or opioid

adjuvants for effective pain modulation, when NSAIDs alone
did not suffice [34]. For the treatment of POP following third
molar extractions, a review published in 2013 suggested that
the combination of acetaminophen and ibuprofen is an effec-
tive mode of treating acute POP [39]. More recently, Best
etal. (2017) determined in a RCT that the addition of codeine
to a cocktail of acetaminophen and ibuprofen did not improve
POP following the extraction of impacted third molars [40].
For decades, dentists have prescribed opioids to treat acute
POP following invasive surgical procedures [41]. In a recently
published study examining the trends in opioid analgesic pre-
scriptions by dental professionals, Steinmetz et al. (2017)
found that oral implant surgeries had the highest rates of opi-
oid prescriptions and the greatest increase in rates during the
study period from 1996 to 2013 [42]. Nevertheless, the au-
thors discouraged the use of opioids based on risk-benefit
analysis and referenced other studies [43, 44] that demonstrat-
ed the efficacy of non-opioid analgesics in modulating acute
POP. These findings are consistent with the trials included in
the present review and ultimately support the use of non-
opioid analgesics to treat POP following implant surgery.

Analgesic dosage In regard to the dosing schedule of analgesic
medications for the treatment of POP, Sanchez-Perez et al.
suggested in the included trial that pre-procedural analgesics
may be considered potentially useful in reducing acute POP
immediately following surgery [20]. However, clinical evi-
dence on the use of analgesics before oral implant surgery
for pain management is limited. A systematic review pub-
lished in 2002 concluded that there is a lack of clinical evi-
dence to support pre-emptive analgesia for improved POP
relief [45]. However, the authors discussed the inherent com-
plexity of the topic, such as the variations in surgical proce-
dures and outcome measurements across included studies.

Route of administration In regard to the administration route,
Rajeswari et al. (2017) found that oral and transdermal
diclofenac (NSAID) administration have similar pain out-
comes following dental implant placements, but the transder-
mal administration results in fewer gastric side effects com-
pared to the oral route [26]. The results are supported by pre-
vious studies evaluating the efficacy and safety of diclofenac
in general surgery [46, 47].

Clinical considerations for analgesic medications

The use of opioids for pain management has been scrutinized
due to the highly addictive property that has given rise to a
widespread drug abuse epidemic [48]. The chief clinical con-
cerns associated with opioids include physical dependence
and addiction, as well as serious adverse effects. While toler-
ance develops to the analgesic property of opioids, patients do
not develop tolerance to the adverse effects, which may
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compel the prescriber to reduce the prescription dose ultimate-
ly leading to inadequate analgesic effects [49]. As a result of
the complex management, and in light of the opioid epidemic,
the American Dental Association recently announced a policy
supporting statutory limits on opioid dosage and duration
[50]. Therefore, based on the results of the present review
and literature discussed, opioids may not be warranted for pain
management following oral implant surgeries and other non-
opioid analgesics should be considered when clinically
appropriate.

Nevertheless, the risks associated with NSAIDs must
not be overlooked. Oral NSAIDs may cause numerous
adverse effects including prolonged bleeding and gastro-
intestinal upset [25, 26, 51]. NSAIDs can impair platelet
function and the coagulation cascade and are contraindi-
cated for patients who have gastrointestinal ulcerations
and/or erosive gastrointestinal diseases [51]. NSAIDs al-
so increase the risk for thrombotic events, such as stroke
and heart attack, and the risk of these vascular events
increases with the duration of NSAID use [52];
NSAIDs should be used with caution in patients on
blood pressure medications or with a history of cardio-
vascular disease [52]. However, when used appropriately
and for a short 2-3-day period of time, adverse effects
may be reduced [19].

As POP and swelling following oral implant procedures
typically subsides following the third post-operative day
[53], pain management is most critical for 3 days following
surgery. Thus, NSAIDs may be appropriate.

Review limitations

The primary limitation of the available evidence is the
small number of RCTs assessing pain management in
dental implant surgery and the heterogeneity in the in-
terventions implemented, outcomes assessed, and
follow-up times. As a result, the present systematic re-
view is largely qualitative in its synthesis of the avail-
able data. A meta-analysis of two studies was also con-
ducted, but further results could not be pooled due to the
limitations of the available evidence.

Conclusions
Implications for clinical practice

Within the limitations of this systematic review and me-
ta-analysis, findings from the included RCTs suggest
that POP following implant surgery may be effectively
treated with the short-term use of analgesic medications.
However, due to the limited number of comparable clin-
ical trials, the most effective analgesic medication for
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dental implant surgery could not be determined. Thus,
there is insufficient evidence to either recommend or
discourage an analgesic regimen for pain management
following dental implant surgery in clinical practices.
Ultimately, the clinician’s analgesic prescription should
be directed by a patient’s medical history, in order to
increase the success of pain management in a short peri-
od of time and decrease potential adverse effects.

Future research

The review highlights the need for further large-scale
long-term clinical trials examining the efficacy of anal-
gesic medications in dental implant surgery. The clinical
trials should be designed to assess the efficacy of various
analgesics for pain management following dental implant
placement. Research should also focus on the efficacy of
glucocorticoids and analgesic-caffeine combinations as
alternative therapies for POP modulation. In addition,
the studies should include the number needed to treat
(NNT) in order to demonstrate clinical relevance.
Ultimately, risk-benefit assessments must be conducted
to determine the analgesic regimen, including the com-
pound, dosage, dosing schedule, and route, which pro-
vides the most effective pain management with the
fewest adverse outcomes.
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