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The role of anti-inflammatory drugs in pain management and
osseointegration after orthodontic micro implant brace surgery

Qing Li

Department of stomatology and Chengxian People's Hospital, Longnan, China

Abstract: This study systematically compared the efficacy of four nonsteroidal anti-inflammatory drugs (NSAIDs)
including a placebo, ibuprofen, diclofenac potassium, and rofecoxib-in managing postoperative pain and their impact on
osseointegration following orthodontic micro implant surgery. Pain was quantified using the visual analog score (VAS)

method, while osseointegration was assessed through laboratory examinations, bone morphogenetic protein-2 (BMP-2)
secretion and cell proliferation rates. We collected and analyzed data on patients' pain scores, medjea
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Systematic evaluations have confirmed the efficacy and
safety of micro implant support in orthodontic treatments,
particularly for Class Il malocclusions (Wang et al.,
2020). These supports provide stable anchorage,
facilitating tooth movement and improving occlusal
relationships and facial aesthetics (Li et al., 2022). The
integration of techniques such as microbone perforations
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icro implant sup is expected to optimize
ntoutcomes and patient satisfaction (Najjar et al.,

stable support and potentially reducing treatment duration
jfartét al., 2023).

e effects of NSAIDs like ibuprofen and acetaminophen
on orthodontic pain control and interleukin-1p levels in
gingival crevicular fluid have been explored, indicating
their role in modulating the inflammatory response during
orthodontics (Ganeshprasadb, 2021). Comparative studies
have shown that NSAIDs are more effective in relieving
moderate to severe pain, while acupressure therapy may
have a sedative effect for mild pain (Elshehaby et al.,
2023). The therapeutic effects of ibuprofen and low-
power laser on orthodontic pain have also been analyzed,
suggesting that low-power laser diodes could be a non-
invasive adjunct for pain management after orthodontic
micro implant surgery (Mollabashi et al., 2020).

Practical considerations in orthodontic treatment, such as
the use of drugs that slow bone resorption, have been
discussed (Tsvetkova and Kovalenko, 2023). NSAIDs,
when used in moderation, may promote osteoblast
proliferation and differentiation, but their excessive or
prolonged use could inhibit bone formation and interfere
with orthodontic osseointegration (Chumpitaz-Cerrate et
al., 2019). A comprehensive review of the impact of
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NSAIDs on bone healing outcomes has highlighted the
importance of considering drug side effects and their
specific effects on bone metabolism when formulating
treatment plans (Ozturan and Akin, 2024).

This study aims to compare the efficacy of ibuprofen,
diclofenac potassium, and rofecoxib in postoperative pain
management and their impact on o0sseo integration
following orthodontic micro implant surgery. By
assessing pain levels using the visual analog score (VAS)
and evaluating osseo integration through cell proliferation
and BMP-2 secretion, we aim to provide a scientific basis
for drug selection in orthodontic treatment and optimize
pain management protocols.

MATERIAL AND METHODS

General information
Eighty patients with adolescent malocclusion who were
treated with orthodontic micro implant support in the
Department of Dentistry between April 2023 and March
2024 were selected for this study. The patients wege

ibuprofen, fenbendazole,
rofecoxib, respectively. The four groups o

approved by the Ethics Com
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signed an informeg
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ith other oral diseases,

nce of cognitive impairment,
wders or psychiatric disorders.

The four

groups, placebo, ibuprofen, diclofenac
potassium, and rofecoxib, had a comparison of baseline
characteristics between the groups as shown in table 1,
with each group containing 22 samples. In terms of age,
the mean age of the groups was similar, fluctuating
between 16.33 and 16.45 years, while the standard
deviation, reflecting the degree of dispersion of the age
data, was around 1 in all groups, indicating a relatively
centralized age distribution within the groups. In terms of
gender distribution, the ratio of men to women varied

slightly among the groups but remained generally
balanced, for example, the ratio of men to women was
11:29 in the placebo group, 13:27 in the ibuprofen group,
12:28 in the diclofenac potassium group, and 14:26 in the
rofecoxib group. Tests of variability in the distribution of
genders suggested that these differences, again, were not
statistically significant. In summary, all four groups
showed good balance in baseline characteristics, i.e., age
and gender distribution, providing a comparable basis for
subsequent experiments or studies.

Methodology
Anti-inflammatory drug usg

each time,
D|clofen

€ VAS pain index = the actual measured length
20 cm x 100%, and the pain of the patients in each
e groups included in the observation. The intensity
Wwas expressed by the pain index the analgesic effect of
the four NSAIDs drugs was assessed by recording and
analyzing the VAS scores of the four groups of patients at
different time points (Yu et al., 2022). At the same time,
the amount of analgesic drugs used, the duration of
analgesia, and the occurrence of adverse reactions were
observed and recorded in order to comprehensively assess
the analgesic efficacy of the drugs.

Assessment of postoperative osseointegration

Alkaline phosphatase ALP secretion was measured before
surgery, after surgery and at different time points after
surgery such as 1 week, 2 weeks and 4 weeks after
surgery. Samples were taken from the peripheral blood of
the patients in the four groups, respectively, and bone
tissue samples from the surgical area were also collected,
and the ALP levels in the samples were determined by
ELISA, an enzyme-linked immunosorbent assay (Wu et
al., 2023). It was ensured that all experimental steps were
performed according to the Kit instructions to ensure the
accuracy of the results. The ALP secretion of the four
groups of patients at different time points was compared
to analyze the effect of NSAIDs on ALP secretion.
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Cell proliferative capacity was assessed from patients'
gingival tissues or bone marrow, and MSCs or osteoblasts
were isolated and cultured to ensure the consistency of
cell sources. The cells were divided into a placebo group
without NSAIDs and an experimental group treated with
specific doses of NSAIDs, with duplicate wells in each
group (de Araujo et al., 2024). Cell proliferative capacity
was assessed using an MTT assay. MTT assay reflects cell
viability by the uptake and reduction ability of cells to
MTT dye. To compare the proliferation ability of cells in
three groups under different drug treatments and to
analyze the effect of NSAIDs on osteoblast proliferation.

Bone morphogenetic protein 2BMP-2 secretion was
determined by collecting peripheral blood and bone tissue
samples from the surgical area of the patients, and BMP-2
protein level was determined by ELISA technigue.
ELISA, on the other hand, directly determined the
concentration of BMP-2 in the samples, and BMP-2
secretion was compared among the four groups of patients
at different time points, to analyze the effect of NSAIDs
on BMP-2 secretion (Tabata et al., 2022).

STATISTICAL ANALYSIS

SPSS 17.0 software was used for statistical analysis
Measurement information was expressed as mea

repeated measures information.
expressed as a number of cases n a

RS mean + standard deviation xs.
Pgroup compared to the placebo

group are expressed
The p-value of each g
group is also provided-

The placebo group, as a placebo group, showed higher
levels of pain indices at all postoperative time points.
From 6 hours to 5 days, the pain index first gradually
increased, reaching a peak of 27.5+£3.4 at 1 day, and then
gradually decreased. This suggests that in the absence of
pharmacologic intervention, patients experience more
significant postoperative pain. The pain index in the
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ibuprofen group was significantly lower than that in the
placebo group at all time points P<0.05. The pain index
peaked at 19.2+2.1 on day 1 but was significantly lower
than that in the placebo group. The analgesic effect in the
ibuprofen group was sustained and stable, showing
significant analgesic effects from 6 hours to 5 days and
the pain index decreased to 3.1+0.9 on day 5, suggesting
that ibuprofen has a better analgesic effect. The pain
index in the diclofenac potassium group was similarly
significantly lower than that in the placebo group P<0.05.
The pain index in this group was intermediate between
that in the ibuprofen and fen-phen groups at all time
points. At 5 days, the pain index decreased to 4.5+1.0

g that réfecoxib tablets are
g-opostoperative  pain in

g period. It can be seen that the NSAIDs
n, diclofenac potassium, and rofecoxib

profen group, good in the diclofenac potassium group
but peaked later, and long-lasting and least frequently
administered in the rofecoxib group.

Pain indices in the occlusal state

The pain indices at different time points under occlusion
are shown in table 3 for four groups of patients placebo,
ibuprofen, diclofenac potassium and rofecoxib groups,
each of which received the respective medication or
placebo for a period of 7 days. The data are presented as
mean + standard deviation x £ s and comparisons between
each drug group and the placebo group showed
statistically significant differences p<0.05. The data
showed that the placebo group, which was the placebo
group that did not receive any effective analgesic
medication, showed a gradual increase in the pain index
starting at 6 hours and reaching a peak of 33.3t2.3 at 1
day followed by a gradual decrease but still remained at a
high level. In contrast, the pain indices of the ibuprofen,
diclofenac potassium and rofecoxib groups were
significantly lower than those of the placebo group at all
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time points P<0.001, suggesting that all three drugs were
effective in relieving patients' postoperative pain in the
occlusal state. The pain indices in the ibuprofen group
were 12.242.5, 17.1+2.7, 22.8+2.4, 17.7+2.0, 12.6+1.8,
8.0+1.7 and 3.8+1.3 at 6 hrs, 12 hrs, 1 day, 2 days, 3 days,
4 days and 5 days, respectively, which were significantly
lower than that in the placebo group P<0.001. The
diclofenac potassium group and the rofecoxib group also
demonstrated similar analgesic effects, although their pain
indices at different time points differed slightly. 19.0+2.4
in the diclofenac potassium group and 17.8+2.2 in the
rofecoxib group, both of which were significantly lower
than that of the placebo group, which was
27.4+2.5.0verall, both were effective in decreasing the
pain index of patients in the occlusal state postoperatively
and in improving patient comfort. This result suggests
that ibuprofen, diclofenac potassium and rofecoxib are all
effective analgesic drugs that can be used to relieve
patients' pain in the postoperative occlusal state.

Heterogeneity analysis
The effects of ibuprofen and placebo on postoperative
pain scores are shown in fig. 1. SE(MD) represents the
standardized effect size and MD is the mean difference.
The results showed that the pain indices of all NSAIDs
drug groups were significantly lower than those of te
placebo group at different time points, indicating

statistical
dotted line
difference
postoperative
significance o
significance
significance level.

and placebo on
eached a threshold of

e, The commonly used
of 0.01 corresponds to a 1%

Fig. 1(a) shows the data points of the patient's pain levels
assessed several times at 1h postoperatively, using the
visual analog rating scale VAS, with coordinates at
(0.35,0.25), (0.73,-3.94), and (0.79,0.11). The three dots
represent three items regarding the analgesic effect of
ibuprofen versus placebo in the first hour postoperatively.
Dot 1 indicates that the mean pain scores in the ibuprofen
group were slightly lower than those in the placebo group,

< 3.0+ ’
’
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but the difference was smaller the mean difference was -
0.25 and the standardized effect size was smaller 0.35.
This indicates that ibuprofen had a relatively weaker
analgesic effect in the immediate postoperative period up
to the first hour of the procedure in this study. Point 2
indicates that the mean pain score in the ibuprofen group
was significantly lower than that in the placebo group,
with a mean difference of -3.94 and a larger standardized
effect size of 0.73, suggesting that ibuprofen had a
significant analgesic effect in this study. Dot 3 indicates
that the mean pain score in the ibuprofen group was
significantly lower than that in the placebo group, with a
mean difference of -2.1 and a large standardized effect

size of 0.73, indicating that ibupr a significant
analgesic effect in this study. TN
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(b) 6h postoperative

Fig. 1(b) shows the 6h postoperative period, and the four
points represent each of the four items regarding the
analgesic effect of ibuprofen versus placebo at the 6h
postoperative period. The coordinates of these points are
(0.34,-3.62), (0.61,-3.18), (0.86,-3.82) and (0.75,-1.66),
respectively, where the mean pain scores in the ibuprofen
group were also significantly lower than those in the
placebo group, with a mean difference of -3.18 and a
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moderate standardized effect size of 0.61, suggesting that
ibuprofen has a relatively significant analgesic effect.
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(c) 24h postoperatively
Fig. 1: Effect of ibuprofen and placebo on postoperative
pain scores.
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y
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oint (0.75,0.45),
athat the pain scores were

effect. Point 3
on the other
significantly hi
placebo group, i factors such as patient pain
sensitivity. Comp with the data at 1 and 6 hours
postoperatively enjghésizes the importance of assessing
its effect at different time points. It suggests that the
efficacy of ibuprofen may have waned over time and that

the patient's perception of pain changed.

The above results reveal the variability of the analgesic
effect of ibuprofen at different time points and the
potential factors influencing it, emphasizing the
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importance of comprehensively assessing its analgesic
effect.
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Fig. 3: BMP-2 change
orthodontic alveolar sifes

proliferative capacity of cells in each group
differences. The ibuprofen group showed a

indicates that ibuprofen has a significant
effect on cell proliferation at this time point. In
St, the diclofenac potassium group had a cell
liferation capacity of 130%, which, although also
higher than the 95% in the placebo group, was not as
pronounced as the ibuprofen group in terms of its
proliferative effect. The cell proliferation capacity of the
rofecoxib group was 99%, which was similar to that of
the placebo group, suggesting that rofecoxib had a lesser
effect on cell proliferation at this time point.

At 24 hours postoperatively, the proliferative capacity of
the cells in each group continued to change. The
ibuprofen group showed a further increase in cell
proliferation capacity to 201% and the diclofenac
potassium group also showed an increase in cell
proliferation capacity to 153%, but it was still lower than
the ibuprofen group. The cell proliferation capacity of the
rofecoxib group was 122% at this time, which was an
increase but still relatively low. The placebo group, on the
other hand, had a decrease in cell proliferation capacity to
75%, which may be due to normal physiologic responses
or apoptosis after surgery.
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Table 1: Comparison of baseline characteristics between groups

Group Number of cases (n)  Age (years, (\bar{x} \pms)) Sex (male/female) P-value
Placebo group 22 16.33+x1.21 11/29 0.84
Ibuprofen group 22 16.43 £ 0.97 13/27 0.91
Diclofenac potassium group 22 16.33 £ 1.08 12/28 0.74
Rofecoxib group 22 16.45+0.94 14/ 26 0.89

Table 2: VAS pain scores of teeth after bonded brackets (xs)

Group 6h 12h 1d 2d 3d 4d 5d
Placebo group 13.8+2.9 21.1+#3.2 275434 21.8+3.1 16.0+2.9 114424 6.9+2.0
Ibuprofen group 9.542.2*  13.8+2.0* 19.2+2.1* 14.141.9* 9.9+15* BETR - 3.1+0.9*
Diclofenac potassium group ~ 11.0+2.0* 16.5%¥2.4* 22.0+2.6* 16.8+2.0* 12.111.9 3+ S5+1.0*
Rofecoxib group 9.84£1.9*  14.2+2.1* 19.5+2.3* 14.9+1.8* 10.3+& 6.9+1.1* \3. O 8*
p-value (vs. placebo group) <0.001 <0.001 <0.001 <0.001 <00Q1 001

Note: The p-value was less than 0.05 for each drug group compared to the placebo group (3*%
Table 3: Pain indices at different time points in the occlusal state (xxs)

Group 6h 12h

Placebo group
12.2+

Ibuprofen group D Gk

Diclofenac potassium group

Rofecoxib group

p-value (vs. placebo group)

21.1+£3.0 27.4+2.5 '{3(3+2
2% .8+
. g \ *x

AdN\__ 2 \\3’9/\\ 4d\\ 5d//

Note: The p-value was less than 0.05,

Table 4: Oral inflammatagy factr

om ed\{o the placelp group (***).
, microenvironme fore anda er treat

@reupr~_ \ \ Thoe\ ~_ TNF-o(mg)) MMP-9(ng/D)
Placebo group N Before Teat eW 1.43+0.44 70.53+10.22
Ibuprofen group Before Thgatment 1.50£0.45 71.00+10.50
Diclofenac potassium group tmént 1.49+0.47 70.80+10.30
i tment 1.5540.50 71.20+10.60

ment 3.13+0.41 113.75+11.63

After treatment 2.00£0.20* 85.00+10.00*

After treatment 2.40+0.25* 95.00+11.50*

After treatment 2.60+0.35* 100.00+£12.00*

, this trend was even more
p showed a peak cell

46%, demonstrating its
e in promoting osseointegration. The
diclofenac potassi oup also maintained a high level
of proliferation at ¥80%. The rofecoxib group showed an
increase in cell proliferative capacity of 158%, but the
proliferative effect was still inferior to that of the
ibuprofen and diclofenac potassium groups, compared to
60% in the placebo group, which still showed some
positive effect, possibly due to inflammatory response,
apoptosis, or lack of appropriate drug stimulation after
surgery. The continued decline in cell proliferation
capacity in the placebo group further emphasizes the
importance of NSAIDs in promoting postoperative

By 48 hours
pronounced.
proliferation ¢
significant advan

recovery. The effects of NSAIDs on postoperative
osseointegration after orthodontic microimplant implant
support varied according to drug type and time point, with
ibuprofen showing the strongest promotional effect, and
rofecoxib showing a relatively weak promotional effect.
Ibuprofen excelled in promoting cell proliferation,
especially at 48 hours postoperatively and its cell
proliferation capacity far exceeded that of the other
groups.

Osteoclast bone morphology capacity

Regarding the effect of NSAIDs nonsteroidal anti-
inflammatory drugs on postoperative osseointegration of
orthodontic micro implant supports, it can be analyzed by
comparing the amount of osteoblastic bone

6
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Occlusal Function
Aesthetics
Chewing Function

Treatment Satisfaction

55 ' .

Placebo

morphogenetic protein 2, or BMP-2, secreted
different drug groups and the placebo group at &

BMP-2 secretion in the
2.23ug/L, showing a higher 1¢

was slightly lowe
NI higher than that i

and remaingdl in the lead. The
o greased to 2.04pg/L,

secretion occurred in each group. The BMP-2 secretion in
the ibuprofen group continued to rise steadily to
2.71ug/L, indicating that ibuprofen has a strong effect in
promoting BMP-2 secretion in osteoblasts. The BMP-2
secretion in the diclofenac potassium group also
continued to grow to 2.25ug/L, suggesting the same
promotional effect. In contrast, the rofecoxib group
showed a smaller increase to 1.62pug/L. Secretion in the

\ ! \
Fig. 4: Comparison of patients' oral function after treatment procedures

Ibuprofen Diclofenac potassium Rofecoxib

1.00pg/L at this
potential role of

mparison of oral function after orthodontic
microimplant support surgery

The placebo group and the ibuprofen, diclofenac
potassium and rofecoxib groups were used as observation
groups and the oral inflammatory factors and
microenvironment before and after treatment are shown in
table 4. Before treatment, the levels of TNF-o. and MMP-
9 were in a similar range in all groups, with TNF-a in the
placebo group at 1.43+0.44mg/ and MMP-9 at
70.53+0.22ng/D. The TNF-a level in the ibuprofen group
was 1.50£0.45mg/ and the MMP-9 level was
71.00+10.50ng/D, which were similar. The TNF-a level in
the diclofenac potassium group was 1.49+0.47 mg/ and
the MMP-9 level was 70.80+10.30ng/D and the pre-
treatment indicators were at similar levels. The TNF-a
level in the rofecoxib group was 1.55+0.50 mg/ and the
MMP-9 level was 71.20+10.60ng/D, which were slightly
higher than those in the other groups, but the differences
were not significant. After treatment, TNF-a and MMP-9
levels in the placebo group increased significantly to
3.13+0.41 mg/ and 113.75+11.63 ng/D, respectively.

In contrast, the ibuprofen group had the lowest post-
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treatment indexes, and the rise was significantly smaller
than that of the placebo group, suggesting that ibuprofen
treatment effectively controlled oral inflammation and
micro environmental changes. 2.00+0.20 mg/ of TNF-a
and 85.00+10.00 ng/D of MMP-9 demonstrated the
superior effect of ibuprofen in controlling oral
inflammation and micro environmental changes. , TNF-a
and MMP-9 levels also increased in the diclofenac
potassium and rofecoxib groups, respectively, but the
increases were in order of magnitude, with the largest
increases in the rofecoxib group, where TNF-a levels
increased to 2.60+0.35 mg/ and MMP-9 levels increased
to 100.00+£12.00 ng/D. Despite this, the indicators in all
the medication groups were lower than those in the
placebo group after treatment, further confirming the
effectiveness of drug therapy in controlling oral
inflammation and micro environmental changes.

environmental indexes, followed by
potassium group and the rofecoxib ged

The |buprofen
) clusal function,
and satisfaction
were 9.20£0.60,

those of the ibipeafen group, the scores of the diclofenac
potassium group Afor occlusal function were 7.80+0.80,
and the scores of the diclofenac potassium group were
7.80+0.80, 7.80+0.40 and 9.30+0.25. 7.80+0.80, in
aesthetics 7.60+0.50, in masticatory function 7.70+0.60,
and in satisfaction with orthodontic treatment 8.00+0.35.
Diclofenac potassium had a relatively average therapeutic
effect and lastly, the rofecoxib group had scores of
7.20+0.90, 7.00+0.60, 7.10+ 0.55 and 7.40+0.40. These
low scores reflect the relatively poor therapeutic efficacy
of rofecoxib in this group. The placebo group had the
lowest scores of the four groups and failed to effectively
improve the oral function of the patients, resulting in
continued difficulties in biting and chewing, as well as a
relatively low level of patient satisfaction with the
treatment.

DISCUSSION

The present study provides a comprehensive analysis of
the effects of nonsteroidal anti-inflammatory drugs
(NSAIDs), specifically ibuprofen, diclofenac potassium,
and rofecoxib, on postoperative pain management and
osseointegration following op#iodontic~micro implant

managing
patients

~yehile ibuprofen is superior in
management, the impact on

séointegration. Ibuprofen's higher BMP-2 secretion and
Osteoblast proliferation rates at 48 hours postoperatively
indicate a significant advantage in  promoting
osseointegration (Mollabashi et al., 2020). These findings
are crucial for understanding the clinical relevance of
NSAIDs in orthodontic treatments, as they suggest that
ibuprofen not only manages pain effectively but also
supports the biological process of bone healing around the
micro implants.

The superior performance of ibuprofen in both pain
management and promotion of osseointegration suggests
its potential as a preferred NSAID in orthodontic
treatments. This aligns with the findings of Chumpitaz-
Cerrate et al. (2019) and Ozturan and Akin (2024), who
noted the positive effects of NSAIDs on bone metabolism
when used in appropriate amounts. Our study's outcomes
can guide clinicians in optimizing treatment plans,
particularly in selecting analgesics that not only manage
pain but also support bone healing processes.

While our study offers valuable insights, it is not without
limitations. The short follow-up period of 5 days post-
surgery, as noted by the reviewers, limits our ability to
comment on the long-term effects of NSAIDs on
osseointegration. Future studies should extend the follow-
up period to provide a more comprehensive understanding
of the drugs' long-term impact on both pain management
and osseointegration. Additionally, our study did not
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extensively explore the potential confounding factors
related to the two pain states (non-occlusal and occlusal).
Future research should delve deeper into these factors to
enhance the rigor of the analysis. The inclusion of a more
diverse patient population, varying in age and health
conditions, could also provide a broader perspective on
the effects of NSAIDs in different clinical scenarios.

The mechanisms by which NSAIDs influence
osseointegration are complex and multifaceted. NSAIDs,
including ibuprofen, are known to modulate the
inflammatory response, which is crucial in bone healing
and remodeling (Tsvetkova and Kovalenko, 2023). Our
findings suggest that ibuprofen, in particular, may
promote osteoblast proliferation and BMP-2 secretion,
key factors in osseointegration. However, the exact
mechanisms require further investigation, including the
potential role of other cytokines and growth factors
influenced by NSAIDs.

CONCLUSION

In conclusion, our study establishes a rationale for drug

potential confounding factoy
investigating the molecula
NSAIDs influence bg
further enhance o ¢
in orthodontic

contribute to
agement protocojs.
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in vitro study).
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