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KEYWORDS Abstract Background/purpose: Dental implants insertion can be a major factor in stress and
One-piece implant; anxiety. The aim was to evaluate the paracetamol ability to lower stress and anxiety when
Computer vision compared with ibuprofen during and after computer guided implant surgery utilizing CAD/
system; CAM surgical template and a computer vision system for assessment.
Acetaminophen; Materials and methods: Thirty patients were enrolled in a crossover study design having bilat-
Ibuprofen; eral missing lower molars. Patients were randomized into 2 equal groups with the first assigned
Pain; for dental implant insertion in the lower molar area on one side with the administration of
Salivary cortisol paracetamol (with 7-day follow-up) followed by 2-week washout period, then another implant

was inserted on the contra-lateral side with ibuprofen. The second group received the same
drugs but in reversed order. Salivary cortisol level was used to measure anxiety and a computer
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vision system was used to measure swelling. Visual-Analogue-Scale pain score from 0-to-100
was also utilized.

Results: Only 29 patients completed the study. Stress and anxiety was found to be significantly
lower in paracetamol group (4.1 +£1.08 ng/mL and 6.2 +0.94 ng/mL for paracetamol/
ibuprofen respectively). Pain score was 13.1+1.1 and 12.9 £ 2.3 in paracetamol/ibuprofen
groups respectively with no significant differences. Swelling showed significant difference fa-
voring the paracetamol group (0.91 +0.41 and 0.61 +0.31 for paracetamol/ibuprofen respec-
tively).

Conclusion: Paracetamol is effective in reducing stress by minimizing anxiety and blunting
emotions of “fear-from-pain” so that pain is no longer perceived as much. However, paracet-
amol lacks the ability to control swelling at implant site. Computer guided flapless-implant sur-
gery with immediate loading can be recommended for fearful patients.

© 2020 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

Introduction

Pain, stress, and anxiety during and after the surgical
insertion of dental implants have a major effect in patient
rejection of dental implant as a viable choice for teeth
replacement.’? Many patients argue about the risk of pain
that may be encountered if they accepted such treatment.
Even if the patient accepted the treatment, just knowing
that suturing is needed after surgery could raise the level of
anxie}t& which further increases the patient’s perception of
pain.”

Controlling pain and anxiety caused by implant surgery
can be achieved surgically by minimally invasive proced-
ures such as flapless implant surgery with immediate
loading protocol (to avoid a second surgery for fixture
exposure) and pharmacologically by the use of effective
analgesics.>®

Computer applications and systems are currently regar-
ded as an integral facilitation technology in different
medical aspects such as data analysis, computer guided
therapy, imaging and telemedicine.”®

Computer guided flapless implant surgery using cone
beam computed tomography (CBCT) is an accurate, simple
and minimally invasive procedure that may not require
suturing and thus yields a minimal perception of pain. It
was reported to have a high success rate, which was found
to be comparable to that of the open flap technique.'®"
The advancement of imaging techniques allowed the flap-
less implant surgery to be favored by many clinicians due to
its reduced surgical time, faster wound healing, minimal
bleeding and lesser amount of crestal bone resorption as
the detachment of the periosteum is avoided.®

According to WHO (World Health Organization), para-
cetamol or acetaminophen is the first step on the pain
control ladder and is considered as the first-line therapy for
many painful conditions.'? Safety of this drug and its min-
imal side effects makes it a valuable choice for control of
pain. Unlike NSAIDs (non-steroidal anti-inflammatory
drugs), paracetamol does not cause adverse effects on
bone metabolism or gastro-intestinal disturbances and can
be prescribed safely for patients with gastritis and peptic
ulcers."

It was also found that paracetamol is able to decrease
the unpleasantness when patients are subjected to noise
blasts. This may suggest a great benefit when used before
dental operations, as we continuously need to work with
noisy tools."”

Ibuprofen on the other hand, is usually regarded as a
more effective analgesic than paracetamol due to its
additional anti-inflammatory action by inhibiting cyclo-
oxygenases (COX-1 and COX-2)."® Unfortunately, inhibition
of COX-1 affect mainly the gastric mucosa causing stomach
injury and to a lesser extent platelet aggregation causing
subclinical bleeding tendency.’* The importance of COX-2
(which is an enzyme that promotes swelling and inflam-
mation, thus increases the supply of cells involved in bone
formation and implant osseointegration) was addresses in
some studies.’”"® It was shown that mice with deficiency in
COX-2 had very minimal amount of bone formation around
implants when compared with the control. "

Another indirect adverse effect of ibuprofen on
osseointegration of dental implants is that it may lead to
stomach disturbances, which may necessitate the use of
proton pump inhibitors. These drugs was also found to
impair osseointegration of dental implants.Z°

Level of salivary cortisol was found to be a reliable and
accurate measure of stress and anxiety for more than half a
century.?"?? |t was used in dentistry to measure the level of
anxiety during dental treatment.?*%*

To our knowledge, no other study has investigated the
effect of paracetamol on stress reduction in implant sur-
geries. Thus, the aim of this study was to assess the ability
of paracetamol to lower stress and anxiety when compared
with ibuprofen during and after a minimally traumatic
computer guided flapless implant surgery with immediate
loading protocol using one-piece dental implant.

Materials and methods

This study was a double blinded, cross over randomized
clinical trial which was conducted at the Centre of Oral
Rehabilitation. The study was following the Declaration of
Helsinki guidelines and was conducted according to CON-
SORT recommendations. Ethical approval was obtained
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from the local ethics committee (LIC2212019). Informed
consent was also taken from all patients before starting
treatment.

Thirty patients with age ranging from 19 to 46 years (15
males and 15 females) were enrolled into this study. The
inclusion criteria were: ASA Class | or Il (American Society of
Anesthesiologists physical status classification), having
bilateral missing lower teeth in molar area for more than 6
months, bone height and bone width not less than 12 mm
and 4 mm respectively. Exclusion criteria were: history of
peptic ulcers or chronic consumption of analgesics, bad oral
hygiene and parafunctional habits.

Patients were randomized into 2 groups (1:1 ratio) using
computer generated randomization software (Statsdirect
version 2.7.7, StatsDirect Ltd., Cheshire, UK) which was
done by an independent co-worker. First group (n = 15)
was assigned for flapless implant insertion in the lower
molar area on one side with paracetamol followed by a
washout period for 2 weeks then another implant was
inserted on the contra-lateral side with ibuprofen. Second
group (n = 15) was assigned for flapless implant insertion in
the lower molar area with ibuprofen followed by a washout
period for 2 weeks then another implant was inserted on
the contra-lateral side with paracetamol. Immediate
implant loading protocol was adopted using one-piece
implant design (Rough Implant, Mono Implant, Novodent,
Swizerland) with 10 mm length and 3.7 mm diameter. Sides
for implant placement during the first round of treatment
were randomly selected by flipping of a coin.

Experienced pharmacist was assigned to conceal the
drugs for blinding of the clinician and the patient. Para-
cetamol was prepared in yellow colored capsules and
ibuprofen was prepared in green color capsules. Each yel-
low capsule contained 1000 mg of paracetamol while green
capsules contained 600 mg of ibuprofen. All yellow and
green capsules were identical in shape. These capsules
were provided to the patients in closed containers, each
containing 10 capsules and labelled by yellow and green
colors according to the color of the capsules inside. Pa-
tients were informed to avoid any other type of analgesic
other than the given one. Capsules were given 1h before
surgery and every 8 h for a period of 3 days after the day of
surgery.

Before surgery, a surgical guide was constructed from a
CBCT image. Each patient received 2g of amoxicillin or
600 mg clindamycin if allergic to penicillin and 1 capsule of
the assigned analgesic (either yellow or green) 1h before
surgery and rinsed with antiseptic mouthwash (chlorhexi-
dine 0.2%) for 1min. Patients were treated under local
anesthesia using articaine with epinephrine 1: 100,000.
CAD/CAM surgical template was utilized to accurately
determine the exact position of the osteotomy site. A
3.5mm tissue punch was utilized to punch the tissue, the
osteotomy site was prepared according to the surgical
protocol of the manufacturer, and provisional crowns were
utilized to cover the implants.

Most of the patients needed more than two implants to
construct a prosthesis so additional implants were inserted
after the end of the study. The implant insertion was done
by a single well trained clinician who did not take part in
the evaluation of the results. Both the patients and the
evaluator were blinded to the random allocation.

Stress and anxiety were assessed by measuring the
salivary cortisol level at the same time every day and was
regarded as the primary outcome of the study. Patient were
instructed to avoid eating, drinking, brushing, smoking and
exercising for at least one hour before collection of the
samples and refrain from alcohol and caffeine for 24h
before the test. To collect the salivary samples for analysis
Salivette® Cortisol (Sarstedt, Rommelsdorft, Germany) was
utilized following manufacturer instructions. Samples of
saliva were collected 1 day before surgery to determine the
baseline level of cortisol in the saliva and were analyzed by
a laboratory technician who was blinded to the groups of
study.

Other secondary outcomes were the degree of pain and
swelling. Pain was assessed by suing Visual Analogue Scale
(VAS) on scale from 0 to 100. Swelling was also evaluated
using a scale ranging from 0 to 3 where, 0: denotes no
swelling, 1: denotes intra oral swelling limited to the area
of implant placement, 2: denotes intra oral swelling beyond
the area of implant placement, 3: denotes extra oral
swelling. Swelling was assessed using a computer vision
system developed by the authors to avoid subjectivity,
which was revised visually for confirmation.

The system has the ability to instantaneously display the
score, creating spatial graphs and tables as well as con-
structing comparisons with previous scores. The swelling
was calculated by analyzing shape and color characteris-
tics. This software was trained by a professional dentist to
effectively provide pixel-wise swelling segmentations. The
problem of deviations in the camera’s location, angle, and
lighting conditions was handled by larger datasets, which is
evenly distributed with many variations of different posi-
tions, rotations, and brightness.

Collection and evaluation of pain and swelling scores
were done by a single clinician who was blinded to the
groups after 2h, 6 h then after 1, 2, 3, 4 and 7 days post-
surgically. Saliva samples were also collected at the same
periods but with additional samples taken at the day before
surgery, immediately before surgery and 1h after surgery.
All outcomes were collected at the same time of the day for
all patients.

The sample size was calculated based on the primary
outcomes with a power of 80% and level of significance of
5% (o = 0.05). This analysis showed that the sample size
was adequate. Differences between the two drugs were
assessed by means and standard deviations. Comparison
between the two drugs was done using chi square test and
paired t-test and for the changes in each group using
repeated measure ANOVA. All data were statistically
analyzed by an independent statistician who was blinded to
the types of drugs using IBM SPSS statistical software
version 20 (IBM, NY, USA).

Results

Only twenty-nine (15 males and 14 females) of the thirty
patients that were enrolled in the study completed the
total period which was one month for every patient (See
Fig. 1). The mean age of patients was 33.7 +9.3 years.
Salivary cortisol level showed a statistically significant
difference with a significantly higher level in the ibuprofen
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Figure 1

groups. Levels of salivary cortisol increased immediately
before surgery in both groups but with minimal amount in
the paracetamol group; while in the ibuprofen group a
marked increase was observed (4.1 +1.08 ng/mL for para-
cetamol group and 6.2+0.94 ng/mL for the ibuprofen
group) compared to the average baseline records which was
3.09+2.55 ng/mL at the same time in 1 day pre-
operatively (p <0.5). The cortisol level continued to in-
crease in both groups at 1h post-operatively with lower

The CONSORT flow diagram.

levels in the paracetamol group. The highest levels of
salivary cortisol in both groups were recorded at 2 h post-
operatively (5.9 +1.41 ng/mL for paracetamol group and
7.8 +1.53 ng/mL for the ibuprofen group). This was fol-
lowed by a marked decline at 6 h in both groups. At day 1
(morning hours) there was an increase in the average
cortisol levels which were higher than the baseline record
of the day before surgery (3.7 +0.85 ng/mL for paraceta-
mol group and 4.9 +1.03 ng/mL for the ibuprofen group)
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but was also significantly lower in the paracetamol group
when compared to ibuprofen group. Day 2 and day 3
demonstrated a gradual decrease in the levels of cortisol in
both groups with slightly lower values in the paracetamol
group but without statistically significant differences
(p > 0.5). At day 4 and 7 the levels of cortisol returned to its
normal levels with no statistically significant differences
between groups (Fig. 2).

In general, no statistically significant differences were
detected in the pain score between the paracetamol
group and ibuprofen group. The pain in the paracetamol
group scored a mean of 13.1+ 1.1 while in the ibuprofen
group it was 12.9 +2.3 (P> 0.05). The pain score gradu-
ally increased in both groups from 2h to 6h then it
gradually declined in the next three days and it nearly
disappeared in most of the patients at day 4 post-
operatively (Fig. 3).

On the other hand, swelling showed a statistically sig-
nificant difference between groups with an obviously higher

score in the paracetamol group (0.91 +0.41 for the para-
cetamol group and 0.61+0.31 for ibuprofen group)
(P < 0.05). At 2 h post-operatively swelling was minimal in
the paracetamol group and nearly absent in the ibuprofen
group (0.98 +0.28 and 0.31 4 0.09 respectively). After 6 h,
swelling increased in both groups and again showing higher
swelling score in the paracetamol group. The highest
swelling scores were observed at day 1 and 2 post-
operatively with significantly higher scores in the paracet-
amol group. No significant differences were observed be-
tween groups at day 4 and 7 (Fig. 4).

Discussion

Pain and anxiety control after implant surgery is an
important aspect for many patients as it may have a strong
impact on their desire for completion of the treatment.
This study was a randomized cross over clinical trial which
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was designed to assess the efficiency of paracetamol as
stress reducing drug during and after implant insertion.

The main advantage of the crossover design is that it
only requires a smaller sample size when compared to the
parallel design combined with the elimination of inter-
individual variabilities between subjects thus giving a more
precise results than parallel groups.?®> A wash out period of
2 weeks after each round was chosen to ensure the com-
plete resolution of pain and swelling following implant
surgery before starting the second round of treatment.

Regarding stress and anxiety, it was noted that the
highest level of anxiety was recorded after 2 h of surgery
due to the resolution of the local anesthetic effect. Para-
cetamol was able to significantly lower the level of anxiety
before, during, and after implant surgery. This was
consistent with another study that found that when taking
paracetamol, a lower cortisol levels in challenging tasks
were recorded when compared to NSAIDs.?® The effect of
paracetamol on lowering anxiety and pain was also assessed
by many studies that found a marked blunting effect of
emotions after administration of paracetamol and showed
that even if the person feels pain, this no longer bothers
him.'>2773% A possible explanation for this is the ability of
paracetamol to decrease the neural activity in the anterior
cingulate cortex and anterior insula of the brain which
controls the negative emotional response to pain.=°

Pain score did not show any major differences between
groups. The logical reason is that both drugs have adequate
analgesic properties that acts centrally on the brain but
with different mechanisms.®' The highest pain score was
recorded at 6 h post-operatively and then declined gradu-
ally. This can be explained by the gradual increase in
chemical mediators that causes pain and swelling during
the first 3—6 h after surgery.’>3

Pain intensity was ranging from mild to moderate on
average, with mild pain being more dominant in all cases.
This was explained by the preemptive effect of analgesics,
which means administering the analgesic before surgery to
prevent the reaction of pain before it starts. This method of
administration was reported in many studies to significantly
decrease pain when compared with patients who received

analgesics after surgery.>*—” This finding was also consis-
tent with another study that measured pain and anxiety
following placement of implant and found low to moderate
pain levels after implant insertion.3®

A profound analgesia was achieved by using paracetamol
with a dose of 1000 mg. Such dosage was chosen to attain a
higher bioavailability which was reported to be 0.89 when
compared with a dose of 500 mg which is 0.63 and thus
reaching adequate analgesic effect and still being within
the safe dose of the drug.>®*’ Paracetamol has a main
advantage over ibuprofen of being well tolerated by pa-
tients suffering from gastrointestinal problems and even in
patients with renal impairment.*>*' This was reflected in
the results of this study as no one complained about
gastrointestinal disturbances caused by paracetamol while
one of the patients could not tolerate ibuprofen and
showed symptoms of gastritis, which necessitated her
exclusion from the study and substitution of ibuprofen with
paracetamol to relive pain.

Ibuprofen on the other hand, is one to the members of
NSAIDs having an advantage over other types of NSAIDs
being less irritant to gastric mucosa with a lower incidence
of gastrointestinal bleeding when compared to diclofenac
and naproxen. It also has a limited ability to cause gastro-
intestinal irritation when compared with other types of
NSAIDs."**? |t was also found that a dose higher than
600 mg of ibuprofen appeared to show very little additional
analgesic effect with higher risk of side effects from the
drug.*®

Effect of ibuprofen on osseointegration showed con-
flicting results with most of studies confirms its negative
effect on osseointegration only on long term administra-
tion. However, the administration period of ibuprofen in
this study was only 3 days which is a relatively short period
of time and cannot have any negative effect on osseoin-
tegration as most of the studies reported such effect after a
week or more of administration.'®*

It was not surprising to find that swelling was signifi-
cantly lower in the ibuprofen group as it is well known that
ibuprofen has an obvious anti-inflammatory effect while
paracetamol lacks such effect.®” It is worth to mention that
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flapless implant surgery did not cause any extra-oral
swelling even in the paracetamol group because of its
minimally invasive nature.

It is still needed to assess paracetamol in more invasive
implant surgeries. Combining both paracetamol and
ibuprofen to decrease anxiety and swelling was not
attempted in this study due to the limitation caused by the
selected study design. Assessing such effect may be useful
to combine the advantages of both drugs and to decrease
their dose and thus reducing their side effects.

It can be concluded that in addition to its analgesic ef-
fect, paracetamol can be regarded as a safe and effective
stress-reducing drug that may allow the patient to tolerate
pain with minimal anxiety especially if used with computer
guided minimally invasive flapless implant surgeries. How-
ever, paracetamol failed to control swelling when
compared with ibuprofen. On the other hand, ibuprofen
was significantly less effective in controlling stress and
anxiety when compared with paracetamol. Computer
guided flapless implant surgery with immediate loading
protocol following administration of paracetamol can be
recommended for fearful and low pain threshold patients
especially if patients are suffering from gastro-intestinal
disturbances.
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