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Objective: The aim of this animal study was to investigate the short and long-term local histo-
morphologic effects and the utility of intra-articular application of ibuprofen.

Methods: Forty-six Wistar Albino rats were used in the study. The rats were randomized into 5 groups
of 8 and a sham group of 6. The 40 rats in the study groups were anaesthetised with 60 mg/kg of
ketamine, then 0.25 ml ibuprofen (25 mg) was injected to the right knee joint of each rat (ibuprofen
group) and 0.25 ml 0.9% saline to the left knee joint as the control group. To the 6 rats in the sham
group, only puncture was applied to both knee joints. The rats in each of the 5 study groups were

fg;grfzsn' sacrificed on days 1, 2, 7, 14 and 21 respectively. The histomorphologic changes were graded on a 6-
Intra-articular point scale regarding inflammation of the synovia, cartilage tissue, and subchondral bone. Inflam-
Knee mation scores were compared using the Mann Whitney U-test and comparisons of the sacrifice day
Synovium and drug used were evaluated with the Kruskal Wallis test. The p values below 0.05 were considered as
Cartilage significant.

Results: Statistically significant difference was found between the ibuprofen injected knees (10/40)
and the saline injected (0/40) and sham knees (0/12) in respect of hematoma positivity (p = 0.002).
Significantly higher inflammation scores were found in ibuprofen injected knees on the 1st, 2nd, 7th
and 14th days compared to controls and sham (p < 0.05). Inflammation scores were similar in
ibuprofen injected knees with and without hematoma (p > 0.05). Inflammation of the ibuprofen
injected group was most severe on day one and the severity of inflammation reduced gradually
throughout the 3 weeks.
Conclusion: Our results show that intra-articular injection of ibuprofen can cause intra-articular hema-
toma. It also leads to transient inflammation of the synovia that is more severe in the early period, which
gradually recovers.
© 2019 Turkish Association of Orthopaedics and Traumatology. 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

Inadequate pain control after orthopaedic knee surgery can lead
to immobility-related complications and poor outcomes.! Early
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mobilisation requires effective pain relief. Traditionally opioid an-
algesics have been the mainstay of postoperative analgesia. Side
effects of opioids including respiratory depression, dependence,
urinary retention, constipation, and nausea limit their use. Together
with opioids, systemic non-steroid anti-inflammatory drugs
(NSAIDs), periarticular, and intraarticular injection of opioids and
local anaesthetics have been widely used for multimodal pain
protocols.” © Intra-articular use of NSAIDs including, tenoxicam,”®
lornoxicam® and ketorolac'®'" have been investigated for the
clinical management of orthopaedic surgery and osteoarthritis
pain. Still, there are concerns about the short and long-term safety
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of intra-articular injection of NSAIDs. The intravenous form of
ibuprofen has been recently approved for the treatment of mild to
moderate pain, and for the treatment of moderate to severe pain as
an augmentation to opioids.'

Local administration of any drug to the synovia may have sig-
nificant consequences. Despite considered as a safe method,>'*
there is little information with mixed results on the safety of
intra-articular injection of various NSAIDs.">~'° To the best of our
knowledge, there is no study in the literature which has assessed
the effects of intra-articular injection of the newly-licensed intra-
venous form of ibuprofen on joint cartilage and synovia. We aimed
to study local synovial inflammation after single intra-articular
injection of ibuprofen and normal saline in rat knee joint.

Materials and methods

Total of forty-six adult albino male Wistar rats (250—300 g) was
randomised and housed in groups of 8 (sham group 6), with water
and food ad libitum, at a constant temperature of 22 °C and
controlled lighting (12 h light/12 h dark cycle). Forty rats were used
for ibuprofen and saline injection, 6 rats were used for the sham
group. Experimental procedures were performed in accordance
with Guide for the Care and Use of Laboratory Animals.’’ The
protocol was also reviewed and approved by the Ethical Committee
of Research Centre of Experimental Medicine.

Intra-articular injection

Under ketamine anaesthesia (60 mg/kg of intraperitoneal ke-
tamine), both knees were disinfected with povidone-iodine, intra-
articular injection to the right knee joint of 0.25 ml standard
commercial preparation of ibuprofen (25 mg) (Intrafen®, Gen ilac,
Turkey) was performed with the use of a 1 ml syringe and a 26G
needle. The animal received another similar injection to the left
knee joint with 0.25 ml of 0.9% saline. Punction with a 26G needle
was applied to both knee joints of the 6 rats in the sham group.
Dose and volume of the injectates were based on previous rat
studies with NSAID's.'®' Each knee received a single injection. The
rats were returned to the cages for further care until sacrificed.

Tissue processing

The rats were sacrificed at certain time points according to their
groups under ketamine anaesthesia. Rats of the study groups
(n = 8) were sacrificed on the 1st, 2nd, 7th, 14th and 21st days after
injection with ibuprofen and saline. Sham-treated animals (n = 6)
were sacrificed on the 2nd day.

The knee joints of each rat were surgically dissected by making
an incision from the distal tibia and proximal femur. The skin,
subcutaneous tissues, and muscles were removed from the bone
structures, preserving the integrity of the knee joint. After exposing
the tissues without opening the capsule, the joint was macro-
scopically examined for the presence of a possible hematoma, and
the findings were recorded. The explored knees of the study groups
were labeled as ibuprofen injected right knee (IB-R), saline injected
left knee (SL-L), right sham knee (SM-R) and left sham knee (SM-L).
Knees in the injection groups were further labeled according to the
day of sacrifice as 1, 2, 7, 14 and 21.

Histomorphologic examination

Tissue samples taken from labeled joints were fixed in 10%
formaldehyde for two days, followed by decalcification in rapid
decalcifier (20% formic acid) for one day. After decalcification, the
samples were embedded in paraffin blocks, and serial sagittal

histological sections (5 wm) were obtained using a Leica 2255
rotatory microtome. Sections were stained with haematoxylin/
eosin. Stained sections were evaluated under a microscope Zeiss
AXIO, Imager A1l. The samples were evaluated in respect of oedema
and inflammation in the joint and synovia, the presence of mac-
rophages, neutrophil count, synoviocyte hyperplasia, fibrin
exudate, joint surface erosion, and chondrocyte necrosis.

Inflammatory changes were graded on a 6-point scale:

- grade 0: no inflammation, - grade 1: minimal inflammation,
mild congestion, and oedema, - grade 2: mild inflammation,
erosion of joint surface, congestion and oedema and a small
number of neutrophils, - grade 3: moderate inflammation, neu-
trophils, and macrophages, synoviocyte hyperplasia, - grade 4: se-
vere inflammation, neutrophils and macrophages, synoviocyte
hyperplasia and fibrin exudation, - grade 5: necrosis.

Statistical analysis

As the grade was an original variable, comparison of median
values was made with the Kruskal Wallis test. In the evaluation of
the obtained data, data showing normal distribution were evalu-
ated with the Bonferroni (Dunn) test. In the comparison of the
degree of inflammatory changes of the right and left knees within
the same group, the Mann Whitney U-test was used. A value of
p < 0.05 was accepted as statistically significant.

Results
Hematoma

Haematoma was present in 10/40 of ibuprofen injected knee
joints. No haematoma was observed in any of the control (0/40) or
sham (0/12) knee joints. Statistically significant difference was
determined between the ibuprofen injected knees, and the saline
injected and sham knees in respect of hematoma positivity
(p = 0.002).

Scores of histomorphologic inflammatory changes

Examples of histomorphologic grades of inflammation are pre-
sented in Fig. 1. Significantly higher inflammation scores were seen
in ibuprofen injected knees on the 1st, 2nd, 7th and 14th days
compared to the saline-injected counterparts and sham groups
(p < 0.05). Inflammation scores were similar between the ibuprofen
and saline groups in rats sacrificed on the 21st day (p > 0.05). Scores
of right and left knee sham injections were also similar (p > 0.05).
Inflammation scores were similar in ibuprofen injected knees with
and without hematoma (p > 0.05). When inflammation scores of
knee joints of the ibuprofen injected group were compared as re-
gard to time; inflammation was most severe on day one. Day one
score was significantly higher than day 14 and day 21 scores
(p < 0.05). Day two score was significantly higher than day 21 score.
Throughout the three weeks, the severity of inflammation reduced
gradually (Fig. 2).

Discussion

To the best of our knowledge, this is the first study on the local
inflammatory effect on synovia of intra-articularly administered
ibuprofen. Results of this animal study suggest that when injected
into the synovia commercial ibuprofen leads to transient mild to
moderate inflammation and possibly has an adverse effect on local
coagulation.

Early clinical studies have demonstrated the efficacy of intra-
articular NSAIDs in providing analgesia in patients undergoing
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Fig. 1. Light microscopic views of rat knee joint. Haematoxylin-eosinn x 100. A: Degree 0 from group SR2; normal histological appearance. B: Degree 1 from group D4; minimal
inflammation, mild congestion. C: Degree 2 from group D2; moderate inflammation, lymphocyte infiltration. D: Degree 3 from group D1; severe inflammation o,edema. E: Degree 4

from group D1; very severe inflammation.

arthroscopic knee surgery. Ketorolac, a non-selective COX1-COX2
inhibitor, when given intra-articular, provides better postoperative
analgesia than an equal dose administered systemically.!*12
Previous studies regarding the potentially harmful effects of
intra-articular injection of NSAIDs in animal models provided
mixed results. In a study by Irwin et al., intra-articular ketorolac and
saline were injected into rat knee joints and the histomorphologic
changes were evaluated on the 1st, second and fifth days. On the
5th day, more inflammation was seen in the ketorolac group
compared to the saline control group.'® Similarly, intra-articular
injection of ketorolac into the healthy rabbit knee showed mild
histomorphologic changes.!® Contrary to these results some studies
claimed that injection of NSAIDs might be safe and even pose less
threat to the local tissue after intra-articular administration. Intra-
articular injection of ketorolac into the healthy rabbit knee showed
no histological changes, and injection into the rabbit patellar

tendon showed no detrimental biomechanical or histological
changes.”® Riggin et al. showed that intra-articular injection of
ketorolac or saline to the tibiofemoral joint resulted in no injury to
the rat cartilage tissue.?* In a rabbit osteoarthritis model, Jiang et al.
applied intra-articular injections of celecoxib, a selective COX2 in-
hibitor, hyaluronic acid and saline to 3 groups of 30 rabbits. His-
tologically, similar to the hyaluronic acid, celecoxib improved rabbit
articular cartilage, much more than in the saline group.”® In an
in vivo animal study, six weekly injections of bufexamac which
inhibits class IIB histone deacetylases (HDAC6 and HDAC10) was
shown to cause no systemic or local changes in healthy horse
intercarpal joint articular cartilage from the histological analysis.>
In the present study, we observed a significant increase in inflam-
mation scores at the first and second days after injection of
ibuprofen, the scores decreased over time, and no significant
inflammation was seen after the 14th day. Our results are
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Fig. 2. D1: 1st daysacrificedd group that was injected ibuprofen in the right knee. D2: 2nd daysacrificedd group that was injected ibuprofen in the right knee. D7: 7th daysacrificedd
group that was injected ibuprofen in the right knee. D14: 14th daysacrificedd group that was injected ibuprofen in the right knee. D21: 21st daysacrificedd group that was injected
ibuprofen in the right knee. *p < 0.05 compared to saline and sham, U p < 0.05 ibuprofen group compared to day 1, #p < 0.05 compared to day.

consistent with the study by Ozyuvaci et al. which histologically
assessed the effects intra-articular tenoxicam, a non-selective COX
inhibitor on rat cartilage. They similarly observed inflammation at
the first and second days, but further on there were no signs of
inflammation.'® On the contrary, our results differ from Saricaoglu
et al., which investigated the effects of lornoxicam on the synovium
and cartilage of the rat knee joint with a similar methodology.”
Their results showed no significant differences in inflammation
between saline and lornoxicam. Our study design does not include
the possible mechanisms of the inflammation which developed
after ibuprofen injection. Hence we can only speculate that no local
inflammation after lornoxicam injection may be attributed to the
known better safety profile of lornoxicam compared to other
NSAIDs.>®?7 Lornoxicam inhibits polymorphonuclear (PMN)-
leukocyte migration; inhibits the release of superoxide from PMN-
leukocytes; inhibits the release of platelet-derived growth factor
(PDGF) from platelets and stimulates the synthesis of proteoglycans
in cartilage in tissue culture.’®

Although ibuprofen per se could have caused the inflammation,
it is possible to speculate that pH of the standard preparation,
arginine in the content of commercial ibuprofen or the high inci-
dence of hematoma after the injection of ibuprofen could also be
responsible. The ibuprofen solution has a neutral pH of 7.4.
Therefore it is unlikely to cause inflammation. Arginine is a pre-
cursor to nitric oxide (NO). Osteoblasts, osteoclasts, macrophages,
fibroblasts, neutrophils, and endothelial cells are capable of
generating NO in the synovium. NO is considered to be involved in
inflammation and mediate a number of processes including
apoptosis and expression of proinflammatory cytokines.?® Arginine
may have contributed to the inflammation caused by commercial
ibuprofen injection. Further research is needed to assess the role of
arginine in this inflammatory process.

The haematoma is unlikely to be the cause of inflammation
based on the fact that the inflammation scores of ibuprofen injected
knees with and without hematoma were statistically similar.

All NSAIDs including ibuprofen inhibit COX, an enzyme that
converts arachidonic acid to prostaglandins, thereby mediating
pain, inflammation, and fever.?® In the present study higher inci-
dence of macroscopic haematoma observed in ibuprofen injected
knees may be through reversible inhibition of COX-1 enzyme which

decreases the conversion of arachidonic acid into prostaglandin
endoperoxides including thromboxane and prostacyclin®’. The
COX-1 enzyme does not appear to be affected by the inflammatory
process. Induction of COX-2 enzyme is associated with inflamma-
tion. The relative ratio of the COX1/COX2 inhibitory potential of
each agent differs markedly. Ketorolac and ibuprofen inhibit both
COX-1 and COX-2 with little selectivity. Their COX-1/COX-2 selec-
tivity IC50 ratio is 0.13 and 0.50 respectively.>">? Inhibition of COX-
1 suppresses the formation of pro-aggregatory thromboxane A2 in
platelets. One of the major concerns in using intravenous ibuprofen
in the acute care setting is the risk of bleeding.?° Oral ibuprofen is
known to dose proportionally significantly inhibit the activity of
thromboxane B2, platelet aggregation and prolong bleeding time
compared with placebo.*>3# Surprisingly previous studies with
ketorolac which has higher COX-1 inhibitory activity, which
employed similar methodology of injection to the rat joints fail to
mention any hematoma after the injection of the drug.'®**

The half-life of anti-inflammatory drugs in the joint cavity
measured after intra-articular injection is unknown, but half-life
after oral administration is known to be around 1-5 h.>®> Due to
lymphatic drainage of the joint cavity,>® effects of ibuprofen may be
different if administered continuously or repeatedly in the long
term. In a study by Orak et al., intra-articular tenoxicam, diclofenac,
and methylprednisolone were administered to rats, and the long-
term effects in the knee joint were evaluated. Histomorphologic
changes were examined in the knee joints of the rats at 48 h, then at
1, 2, 4 and 8 weeks after the application of these 3 drugs. In the
tenoxicam and diclofenac groups, increased fibroblast numbers and
fibrosis levels were observed. They concluded that multiple intra-
articular injections may be harmful to the knee.*” Human pa-
tients who received intra-articular ketorolac after knee arthroscopy
demonstrated increased levels of glycerol, a marker of cell damage,
in the synovial membrane, suggesting a potentially toxic effect of
this NSAID on the joint soft tissues.>®

There are several limitations to this study. The present study
was conducted on healthy rats with healthy cartilage tissue. The
safety of ibuprofen in human cartilage and synovia may be
different. We evaluated the histology of a single dose of ibuprofen
over a period of 21 days. Therefore, the results of the macroscopic
examination and histological evaluation at early or a few time
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points after a single ibuprofen injection are provided. The clinical
efficacy on joint functional properties, pain relief and effects of
repeated injections were not assessed. Also, the study does not
include the possible systemic effects and side effects of the drug.

In conclusion, a single intra-articular injection of commercial

ibuprofen can cause intra-articular hematoma. It also leads to
transient inflammation of the synovia that is more severe in the
early period, which gradually recovers. Although this study does
not assess pain scores, the observed inflammation and hematoma
may lead to joint pain. This brings the need for further animal
studies before any human research for intra-articular administra-
tion of ibuprofen.
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