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Abstract
Background
Etoricoxib, a selective Cyclooxygenase-2 (COX-2) inhibitor, is commonly used in osteoarthritis (OA) for
pain relief. The purpose of our study was to investigate the effects of Etoricoxib on mouse subchondral
bone in early OA.
Methods
OA was induced via destabilization of the medial meniscus (DMM) in C57BL/6J mice. After surgery, the
mice were randomly and equally divided into five groups: a sham-operated control group (Sham group),
an osteoarthritis (OA) group (DMM group), an OA treated with Etoricoxib 5mg/kg (DMM+E5) group, an OA
treated with Etoricoxib 10mg/kg (DMM+E10) group, and an OA treated with Etoricoxib 20mg/kg
(DMM+E20) group. Mice in the Sham group and DMM group were injected with a similar dose of vehicle
(40% ethyl alcohol–saline solution). Four weeks after treatment, mice were euthanized. Micro computed
tomography (Mirco-CT) analysis, Safranin O-Fast Green staining, hematoxylin and eosin (HE) staining
were performed to evaluate morphological and structural changes. In addition, atomic force microscopy
(AFM) analysis was performed to evaluate changes in the elastic modulus. Furthermore, changes in
microstructure were detected by scanning electron microscopy (SEM).
Results
Etoricoxib inhibited osteophyte formation in the subchondral bone. However, it also reduced the bone
volume fraction (BV/TV), lowered trabecular thickness (Tb.Th), and more microfractures and pores were
observed in the subchondral bone. Moreover, Etoricoxib reduced the elastic modulus of subchondral
bone. Furthermore, exposure to Etoricoxib further increased the empty/total osteocyte ratio of the
subchondral bone. In cartilage and synovium, Etoricoxib did not significantly change the Osteoarthritis
Research Society International (OARSI) score, the modified Mankin score, and the synovialitis-score
versus the DMM group.
Conclusion
Although Etoricoxib can relieve the pain induced by OA, it can also change microstructures and
biomechanical properties of the subchondral bone at the early stage of OA, cause osteoporotic changes
in subchondral bone structure, increase the risk of fragile fracture of subchondral bone.

Background
Osteoarthritis (OA), the most common type of arthritis, is a chronic degenerative joint disease that is
characterized by articular cartilage degeneration, subchondral osteosclerosis, osteophyte formation, and
synovial inflammation, which has a high morbidity in the geriatric population [1, 2]. Previous studies on
OA mainly focused on articular cartilage degeneration. However, the differences between the results of
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preclinical research and clinical medication of OA have shown that targeting articular cartilage alone is
not enough to prevent the progress of OA [3]. Not only cartilage, but also subchondral bone plays an
important role in the pathogenesis of OA. Therefore, OA has been considered an organ disease that
affects the whole joint [4–6]. Some studies have revealed that articular cartilage and subchondral bone
make up a functional joint unit, which plays a complementary role in the weight bearing capacity of the
joint [7].
Pain is the most typical clinical manifestation of OA patients, and it is the main cause of disability and
medical medication in patients with knee joint OA [8, 9]. In addition, joint pain has adverse effects on the
quality of life of patients [10]. Therefore, treatments for OA have focused on relieving pain symptoms [2].
At present, oral non-steroidal anti-inflammatory drugs (NSAIDs), especially Cyclooxygenase–2 (COX–2)
inhibitors are the most commonly analgesics used for treatment of OA and are often recommended in the
guidelines for clinical practice of OA [11–14]. In the clinic, Etoricoxib, a selective COX–2 inhibitor, is
commonly used in OA for pain relief. The anti-inflammatory and analgesic effects of Etoricoxib are
mainly due to its capacity to inhibit cyclooxygenase (COX), thereby impairing the production of
prostaglandin E2 (PGE2), which are vital mediators of pain and inflammatory responses [15–18]. In
addition to its role in pain and inflammatory responses, recent studies have shown that PGE2 plays
multiple roles in bone metabolism [15]. The stimulatory or inhibitory effects of PGE2 on bone metabolism
depend on different structure-activity relations and signaling pathways [19, 20]. In a previous study, it was
revealed that PGE2 secreted by osteoblastic cells activated PGE2 receptor 4 (EP4) in sensory nerves to
regulate bone formation by inhibiting sympathetic activity through the central nervous system [21].
In recent years, many studies have demonstrated the effects of COX–2 inhibitors on bone, however, the
effects of COX–2 inhibitors (such as Etoricoxib) on subchondral bone in OA are still unclear, especially
the role of COX–2 inhibitors on its microstructure [11, 22–24]. The microscopic biomechanical
environment of knee subchondral bone is very important for the repair/degeneration of subchondral bone
cells [25].
In this study, we hypothesized that Etoricoxib is involved in changes of the microstructure and
biomechanical properties of knee subchondral bone during treatment of early knee OA. To test this
hypothesis, we studied mice with OA after intraperitoneal injection of three concentrations of Etoricoxib.
The results of this study may be of great significance to determine the effects of Etoricoxib on
microscopic biomechanical environment of subchondral bone in patients with early knee OA, and may
play an important guiding role on the treatment of OA.

Methods

Experimental animals
A total of 75 male C57BL/6J mice (8 weeks, 20±2g) were purchased from JOINN Laboratories (Suzhou),
Inc. (License No. SCXK(Su)2018–0006, Suzhou, China). Following arrival at the facility, mice were
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allowed at least 1 week to acclimatize [26]. Experimental animals (3–5 mice/cage) were housed in a
room at 23 ± 2°C, with 55±10% humidity and lighting was maintained at a 12-hours-on–12-hours-off
schedule (light on from 7:00 a.m. to 19:00 p.m.). Food and water were provided ad libitum. Maintenance,
use, and treatment of all animals were in accordance with accepted standards of the Ethics Committee of
Soochow University (ECSU–2019000158).

Destabilization of the medial meniscus (DMM) surgery
After 1 week of adaptive feeding, the medial meniscal ligament (MMLT) in the right knee joint was
severed to establish an OA model as described previously [27, 28]. In brief, after isoflurane inhalation
anesthesia in mice, a medial incision of the right knee joint was created to slightly shift the extensor
muscle of the knee joint without transecting the patellar ligament and expose the right knee joint. The
MMLT was cut, so that the medial meniscus could be moved to the medial side. After repositioning the
knee extensor, the medial incision was sutured and the skin closed. For mice that underwent sham
surgery, a similar surgical approach was used, however, the knee joint was operated without MMTL
transection. After surgery, mice were had access to food and tap water ad libitum.

Grouping, drug medications, and treatment protocols
Two days after DMM surgery, mice were randomly and equally divided into five groups (n = 15 in each
group), including a sham-operated control group (Sham group), an osteoarthritis (OA) group (DMM
group), an OA treated with Etoricoxib 5mg/kg (DMM+E5) group, an OA treated with Etoricoxib 10mg/kg
(DMM+E10) group, and an OA treated with Etoricoxib 20mg/kg (DMM+E20) group.
Etoricoxib was purchased from Jiangsu argon krypton xenon material technology co. LTD (Suzhou,
China). Etoricoxib and the vehicle (40% ethyl alcohol–saline solution) were freshly prepared before each
injection, Etoricoxib was dissolved in the vehicle solution and placed in a warm bath until completely
dissolved. According to the grouping scheme mentioned above, mice were injected intraperitoneally, 3
times a week for 4 weeks with an injection dose of 0.1mL per mouse. Mice in the Sham group and DMM
group were injected with a similar dose of vehicle (Figure 1).

Micro computed tomography measurements
Four weeks after a 2-days recovery period, mice were euthanized by continuous CO2 inhalation, the right
knee joints were harvested, and fixed in 10% neutral formalin. After fixation for 48 hours, the specimens
were transferred to 70% ethanol for high-resolution micro computed tomography (Micro-CT)
(SkyScan1176, Aartselaar, Belgium) [29]. The scanner was set at a gamma-ray voltage of 50KV and a
current of 200uA, the filter was 0.5mm Al, and a resolution of 9 μm per pixel was used. The standardized
parameters and thresholds of grey values for all samples were 0–0.075. The NRecon software and
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NReconServer software were used for the reconstruction of two-dimensional images, and Dataview
software was applied to adjust the XYZ axes. Images were analyzed using the CTan software, and
sagittal and coronal images of the tibial subchondral bone were applied to evaluate changes. The
subchondral bone of the medial tibial plateau with 15 consecutive layers in the regions of interest (ROI) in
the recombinant images of mice was selected for three-dimensional reconstruction and quantitative
analysis. Specific indicators included bone volume fraction (BV/TV) and trabecular thickness (Tb.Th).
Three-dimensional images were acquired by Mimics software.

Atomic force microscopy analysis and nano-mechanical
testing
Fresh knee joints were dehydrated in 20% and 30% sucrose solution for 12 hours, respectively. After
dehydration, knee joints were embedded with optimal cutting temperature compound and cut into 20–30
µm thick sections by a section microtome (CM3050S, Leica, Nussloch, Germany). From each group, four
slides were selected, and five areas were taken from each slide, which were scanned by atomic force
microscopy (AFM) (Dimension ICON, Bruker, USA). AFM tests were carried out at room temperature (RT).
First, the force constant k (40N/m) of the probe (Brooke, Germany) and the curvature radius R (5nm) of
the tip was calibrated. Then, we performed tests in the ROI of the subchondral bone, obtained the
mechanical curve, and calculated the elastic modulus by using the formula (1). In this study, the Hertz
model, which is the most commonly used in the AFM test of biological tissue, is used to calculate the
compression modulus of the elastic modulus. The formula (1) is as follows:

F, E, ν, R and δ represent pressure, Young’s modulus, Poisson’s ratio, indentation radius, and indentation
depth, respectively.

Scanning electron microscopy analysis
After excess tissue was removed from fresh knee joints, knee joints were digested with a mixed enzyme
solution comprised of type I and type II collagenase (4% type I collagenase mixed with 4% type II
collagenase). The subchondral bone was obtained by placing the knee joints in an incubator at 37 ℃
and by changing the digestive solution every day until the cartilage and surrounding soft tissues were
completely digested. After digesting, the specimens were washed with phosphate buffered solution, then
fixed with 4% glutaraldehyde for 2.5 hours at RT, rinsed in phosphate buffered solution, and dehydrated in
graded ethanol series. After the residual moisture was further removed by the critical point dryer, the
specimens were fixed on a metal platform through conductive glue, then sprayed with gold by ion spatter
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to enhance its conductivity. Finally, specimens were observed by scanning electron microscopy (SEM)
(FEI Quanta 250, Hillsboro, USA).

Histomorphometry analysis
After Mirco-CT imaging, samples were decalcified in 10% ethylenediamine tetraacetic acid (EDTA) (pH =
7.4) on a shaker at RT for 14 days. Following decalcification, and trimming away excess soft tissues,
knee joints were dehydrated in graded ethanol series. Then, samples were transferred to N-butyl alcohol
for 8 hours and infiltration with paraffin was performed for 7 hours. Finally, paraffin-embedded tissues
were cut into 6-µm-thick sections using a rotary microtome. Hematoxylin-eosin (HE) staining was adopted
to evaluate pathological changes of cartilage of medial tibial and subchondral bone of medial tibial and
synovial tissues, and cartilage, subchondral bone, and synovium were evaluated by the modified Mankin
score, the empty/total osteocyte ratio, and the synovialitis-score, respectively [30–33]. Safranin O-Fast
Green staining was performed on sagittal sections to determine changes in proteoglycans, and cartilage
destruction was scored using the Osteoarthritis Research Society International (OARSI) OA cartilage
histopathology assessment system as described [34].

Statistical analysis
Statistical analysis was performed using SPSS 23.0 (SPSS Inc., Chicago, IL, USA) and GraphPad prism
7.0 (GraphPad Software, La Jolla, CA, USA). Normal distribution and homogeneity of variance of data
were evaluated by Shapiro-Wilk test and Levene’s test, respectively. Data were presented as the mean ±
standard deviation (SD). Significant differences between study groups were obtained using a one-way
analysis of variance (ANOVA) with Tukey’s post-hoc test. Statistical significance was set at p＜0.05.

Results

In vivo Micro-CT revealed DMM-operated mice exposure to
Etoricoxib further reduced the bone mass of subchondral
bone
Micro-CT was used to quantitatively evaluate the subchondral bone of the medial tibial plateau. As
shown in Figure 2A, both sagittal and coronal images showed an increase in bone mass of the
subchondral bone of the medial tibial plateau in the DMM group when compared with the Sham group,
showing a state of “osteosclerosis”. However, in the treatment groups, the bone mass of the subchondral
bone of the medial tibial plateau was significantly lower compared to that in the DMM group, and even
lower compared to that in the Sham group. In addition, the subchondral bone of the treatment groups
showed an increase in the number of cysts.
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As shown in Figure 2C and Figure 2D, four weeks after a 2-day recovery, BV/TV increased significantly in
the DMM group when compared with the Sham group (P＜0.001). In addition, when compared with the
DMM group, BV/TV significantly decreased after intraperitoneal injection of Etoricoxib (p<0.001 for
DMM+E5, DMM+E10 and DMM+E20), which was significantly decreased when compared with the Sham
group (P＜0.05 for all dosages). Furthermore, BV/TV in DMM+E20 group was lower than that in DMM+E5
group (P＜0.01). In the DMM group, the Tb.Th was significantly higher compared to that in the Sham
group (P＜0.001), meanwhile, it also higer than that in treatment groups (P＜0.001 for all dosages). Tb.Th
was decreased after treatment with Etoricoxib and in DMM+E20 group it was significantly lower
compared to that in the Sham group (P＜0.05). Moreover, Tb.Th in DMM+E20 group was lower than that in
DMM+E5 group (P＜0.05). Overall, at the early stage of OA, the subchondral bone of the medial tibial
plateau showed increased bone mass, while the subchondral bone mass decreased and was lower
compared to that in the Sham group after treatment with Etrecoxib.

AFM evaluation of subchondral bone showed that Etrecoxib
reduced the elastic modulus of DMM-induced subchondral
bone
The elastic modulus of subchondral bone obtained from the knee joints of mice can be measured at
micrometre and nanometre scales using AFM. As shown in Figure 3, the elastic modulus of subchondral
bone decreased by (1.048±0.236 GPa) in DMM group (6.968±0.147 GPa) when compared with the Sham
group (8.016±0.185 GPa) (P < 0.001). However, when compared with the Sham group, the elastic
modulus of subchondral bone in DMM+E5 group (6.378±0.150 GPa), DMM+E10 group (6.198±0.177
GPa), and DMM+E20 group (6.127±0.143 GPa) decreased by (1.638±0.238 GPa) (P < 0.001), (1.819
±0.256 GPa) (P < 0.001) and (1.889 ±0.234 GPa) (P < 0.001), respectively. Moreover, when compared with
the DMM group, the elastic modulus of the DMM+E10 group and DMM+E20 group decreased by
(0.771±0.230 GPa) (P < 0.01) and (0.841±0.205 GPa) (P < 0.01), respectively.

SEM showed that after Etoricoxib treatment, there were
more microfractures and pore density in subchondral bone,
while osteophyte formation decreased
SEM was used to evaluate the subchondral bone in each group (Figure 4A and Figure 4B). In the Sham
group, the surface of subchondral bone was smooth, there were a few microfracture lines, and no
osteophyte formation was observed in the subchondral bone. In the DMM group, there were also a few
microfracture lines, and osteophyte was observed at the edge of the subchondral bone, hyperosteogeny
can be seen in the load-bearing sites. In the treatment groups, no obvious osteophyte formation was
observed in the subchondral bone. However, the microfracture lines of the subchondral bone in the
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treatment groups were significantly increased compare to that in the DMM group, and the microfracture
lines were longer and deeper.
To further understand the subchondral bone, we statistically analyzed the pore density within the ROI of
the subchondral bone (Figure 4C). Four weeks after a 2-day recovery period, the pore density in the DMM
group was higher compared to that in the Sham group (p＜0.05). When compared with the Sham group,
the pore density significantly increased after treatment with Etoricoxib (P＜0.001 for all dosages), and in
the DMM+E20 group, the pore density was significantly higher compared to that in the DMM group (P＜
0.001). Furthermore, we noticed that the pore density in the DMM+E20 group was significantly higher
compared to that in the DMM+E5 group and the DMM+E10 group (P＜0.05 for DMM+E5 and DMM+E10).

HE staining of subchondral bone showed that exposure to
Etoricoxib further increased the empty/total osteocyte ratio
of subchondral bone
To confirm the effect of Etoricoxib on subchondral bone, the empty osteocyte density (/mm2) and total
osteocyte density (/mm2) in the subchondral bone were counted, and the empty/total osteocyte ratio was
calculated. As shown in Figure 5D, the empty/total osteocyte ratio in the DMM group (0.040±0.005) was
higher compared to that in the Sham group (0.011±0.004) (P＜0.05). Moreover, the ratio was increased
after treatment with Etoricoxib, and in DMM+E20 group the ratio was significantly higher compared to
that in DMM group (P＜0.01). Moreover, the empty/total osteocyte ratio in the DMM+E20 group was
significantly higher compared to that in the DMM+E5 group and the DMM+E10 group (P＜0.05 for
DMM+E5 and DMM+E10).

Histologic evaluation of cartilage integrity and synovial
inflammation showed that Etrecoxib has no obvious antiinflammatory effects and does not inhibit cartilage
degeneration
To evaluate the degeneration of the emedial tibial cartilage of knee joint in each group, Safranin O-Fast
Green staining, HE staining were performed. As shown in Figure 6A and Figure 6B, four weeks after a 2day recovery, the Sham group showed a surface that was intact, the morphology of cartilage was
integrated, and the loss of proteoglycans in articular cartilage was not significant. In the DMM group,
proteoglycans had decreased in the superficial part of articular cartilage, and the surface of cartilage was
rough and discontinuous. In the treatment groups, we found loss of proteoglycans and an uneven
cartilage surface.
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In the medial tibia plateau, the most affected region, the OARSI score (Figure 6C) and the modified
Mankin score (Figure 6D) were significantly higher in the DMM group versus that in the Sham group (P＜
0.001). However, treatment with Etrecoxib had no significant effect on DMM-induced cartilage
degeneration when compared with DMM (P＞0.05 for all dosages). In addition, the synovialitis-score
(Figure 7) was significantly increased in OA knees (P＜0.001). However, when compared with the DMM
group, the synovialitis-scores did not show an obvious change after intraperitoneal injection of Etoricoxib
(p＞0.05 for DMM+E5, DMM+E10 and DMM+E20).

Discussion
In the present study, the effects of intraperitoneally administered Etoricoxib were evaluated in a mouse
OA model. The results suggested that although Etoricoxib can reduce the sclerosis of subchondral bone
in the medial tibial plateau, excessive loss of subchondral bone mass may occur, which has adverse
effects on the joint. Specifically, Etoricoxib leads to a decrease in subchondral bone mass and elastic
modulus, and can also lead to the formation of microfractures in the subchondral bone. Furthermore,
Etoricoxib can inhibit osteophyte formation of the subchondral bone, however, no significant
improvement was observed in articular cartilage destruction and synovial inflammation at the early stage
of OA.
Multiple studies have shown that subchondral bone plays a critical role in the occurrence and
development of OA [35, 36]. Remodeling of subchondral bone is an important part of the progression of
OA [37, 38]. Nakasa T et al. [39] showed that subchondral sclerosis of the tibia could be observed 7 days
after DMM, which was consistent with the findings of our study. However, after 4 weeks of treatment with
Etoricoxib, significant bone mass loss was observed in the subchondral bone of the medial tibial plateau,
which was below the baseline level. Previously, many studies focused on the effects of COX–2 inhibitors
on bone. Goodman S et al. [24] showed that COX–2 selective NSAIDs inhibited bone formation and bone
growth. In many animal experiments, continuous use of NSAIDs and COX–2 inhibitors showed to inhibit
bone healing [22]. This was in line with our findings. Moreover, in several studies, it was shown that COX–
2 inhibitors can inhibit angiogenesis and interfere with osteogenesis and osteoclast function, thereby
inhibiting bone repair and formation. In an inflammatory state, high concentrations of the COX–2
inhibitor can reduce the content of alkaline phosphatase and calcium in bone marrow mesenchymal
stem cells [40]. In a rat fracture model, short-term and long-term use of COX–2 inhibitors significantly
interfered with bone adhesion and fracture healing [41]. In healthy Sprague Dawley rats, long-term use of
COX–2 inhibitors stimulated bone resorption and reduced bone mass and mechanical properties of the
femur [42]. In mouse studies, COX–2 inhibitors inhibited the number of bone trabeculae and calli [43].
AFM can earlier detect changes in subchondral bone structure and biomechanical properties of OA in
mice, and clearly measure these changes at the micrometre and nanometre level [44]. We observed that
the loss of subchondral bone mass was accompanied by the decrease of subchondral bone elastic
modulus, especially in mice that were treated with Etoricoxib. The decrease in elastic modulus refers to
the decrease in elastic dispersion ability, which can cause joint damage due to high frequency loads [45].
In addition, the SEM results confirmed this view, and we demonstrated that there were more
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microfractures and pores in the subchondral bone in the treatment groups. At the histological level, we
observed that 4 weeks after the injection of Etoricoxib, the total osteocyte density decreased and the
empty total osteocyte ratio increased in subchondral bone, indicating that Etoricoxib had a destructive
effect on subchondral osteocytes.
The use of Etoricoxib in the early stage of knee OA relieved the symptoms of pain, however, the process
of subchondral bone remodeling was disturbed, bone formation and bone destruction were seriously out
of balance, and bone resorption was significantly increased. Therefore, the increase of subchondral bone
loss further reduced the mechanical support capacity and the ability to absorb pressure load of the knee
joint, destroys the mechanical stability environment of the knee joint, causes osteoporotic changes in
subchondral bone structure, increases the risk of fragile fracture of subchondral bone, and aggravates the
degeneration of OA in the knee joint. Aisa MC et al. [46] suggested that both non-selective and COX–2
selective NSAIDs may increase the risk of osteoporosis and fragility fractures in patients with weakened
bones during analgesic or anti-inflammatory treatment.
At the same time, four weeks after injection of Etoricoxib, no inhibitory effect on cartilage destruction was
observed. Consistent with these findings, Tellegen AR et al. [47] showed that local delivery of celecoxib
had no protective effects on cartilage histology in OA mice and Fukai A et al. [48] found that daily
celecoxib treatment did not prevent cartilage degradation during OA development in the mouse model.
Moreover, no decrease in synovitis was observed between treatment groups. We cannot exclude that the
absence of inhibition of synovial inflammation could be attributed to the short medication cycle.
This study had several limitations. OA is a chronic progressive disease, therefore more time points are
required to monitor the development of OA to understand the changes of cartilage, subchondral bone,
and synovium. In addition, the changes in inflammatory factors should be further determined by PCR and
changes at the protein level should be evaluated by Western blot analysis. Therefore, future studies are of
utmost importance.

Conclusion
Etoricoxib can change the microstructures and biomechanical properties of subchondral bone, promote
subchondral bone loss, reduce subchondral bone quality in early OA mice, interfere with the remodeling of
knee subchondral bone in the early stage, cause osteoporotic changes in subchondral bone structure,
increase the risk of fragile fracture of subchondral bone, and reduce its ability to absorb pressure load.
The effects of Etoricoxib in the treatment of articular cartilage degeneration and synovitis were not
significant at the early stage of OA.
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COX–2: Cyclooxygenase–2; DMM: destabilization of the medial meniscus; OA: osteoarthritis; E5:
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Page 10/21
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Schematic timeline of the experimental procedure. 8-week-old male C57BL/6J mice underwent
destabilization of the medial meniscus (DMM) surgery on their right hind limbs. Mice in the Sham group
underwent sham surgery on their right knee, and 2 days later, mice were either subjected to intraperitoneal
injection with vehicle (Sham), vehicle (DMM), Etoricoxib 5mg/kg (DMM+E5), Etoricoxib 10mg/kg
(DMM+E10) or Etoricoxib 20mg/kg (DMM+E20). After 4 weeks, mice were euthanatized by CO2
inhalation. Knee joints were collected for micro computed tomography (Micro-CT), atomic force
microscopy (AFM) analysis, scanning electron microscopy (SEM) analysis, Safranin O-Fast Green
staining, hematoxylin and eosin (HE) staining analysis. n=15 in each group.

Figure 2
Micro computed tomography (Micro-CT) analysis of the medial subchondral bone of the right knee joints.
(A) Representative two-dimensional Micro-CT images of medial subchondral bone compartment in both
sagittal and coronal views. (B). Representative three-dimensional Micro-CT images of medial
subchondral bone compartment in coronal views. (C) Quantitative analysis of bone volume fraction
(BV/TV). (D) Quantitative analysis of bone trabecular thickness (Tb.Th). M: medial tibia, L: lateral tibia.
Statistically-significant differences are indicated by * where p < 0.05, ** where p < 0.01 or *** where p<
0.001 between the indicated groups.
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Figure 3
Atomic force microscopy (AFM) analysis of medial subchondral bone of the right knee joints.
Quantitative analysis of the elasticity modulus of medial subchondral bone. Statistically-significant
differences are indicated by * where p < 0.05, ** where p < 0.01 or *** where p< 0.001 between the
indicated groups.
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Figure 4
Scanning electron microscopy (SEM) analysis of subchondral bone. (A) Representative SEM images of
the edge of the subchondral bone. The yellow solid line rectangles in row I indicate osteophytes. (B)
Representative SEM images of the bearing area of the subchondral bone. The images in row III are
enlarged images of the red solid line rectangle in row II. The images in row IV are enlarged images of the
blue solid line rectangle in row III. (C) Quantitative analysis of the pore density (160×160μm2) within the
regions of interest (ROI) of the subchondral bone. Statistically-significant differences are indicated by *
where p < 0.05, ** where p < 0.01 or *** where p< 0.001 between the indicated groups. Scale bar of A(I),
A(II), B(I), B(II), B(III), B(IV) was 200μm, 100μm, 300μm, 200μm, 50μm, 10μm, respectively.
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Figure 5
Effects of Etoricoxib on subchondral bone in the DMM model. (A) Hematoxylin-eosin (HE) staining of
subchondral bone. Black arrows indicate empty osteocytes in subchondral bone. (B) Total osteocyte
density (/mm2) of subchondral bone. (C) Empty osteocyte density (/mm2) of subchondral bone. (D)
Empty/total osteocyte ratio of subchondral bone. Statistically-significant differences are indicated by *
where p < 0.05, ** where p < 0.01 or *** where p< 0.001 between the indicated groups. Scale bar= 100μm.
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Figure 6
Effects of Etoricoxib on cartilage degeneration in the DMM model. (A) Safranin O-Fast green staining of
cartilage. (B) HE staining of cartilage. (C) Osteoarthritis Research Society International (OARSI) scores for
cartilage degeneration in mice. (D) modified Mankin scores for cartilage degeneration in mice.
Statistically-significant differences are indicated by * where p < 0.05, ** where p < 0.01 or *** where p<
0.001 between the indicated groups. Scale bar= 100μm.

Figure 7
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Effects of Etoricoxib on synovial inflammation in the DMM model. (A) HE staining of the synovium. (B)
Synovialitis-scores for synovial inflammation on mice. Statistically-significant differences are indicated
by * where p < 0.05, ** where p < 0.01 or *** where p< 0.001 between the indicated groups. Scale bar=
100μm.
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