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Abstract. Over the past 40 years, the collagen‑induced arthritis 
(CIA) animal model has been widely used as a model of rheu-
matoid arthritis (RA). However, no model is able to completely 
depict the characteristics of cartilage destruction to date. In the 
later stage of joint cartilage destruction, bony spurs form in 
RA. This bony spur formation is an important symptom in the 
pathological development of RA. In the present study, CIA was 
used to elucidate the pathological process of bony spur forma-
tion. Joint damage and spur formation in the animal model was 
detected by radiology and histology. Radiology identified bony 
spurs in the knee and foot joints, which worsened as the disease 
progressed. Furthermore, following observations of histological 
sections, fusion and damage of the articular cartilage, as well 
as a higher number of osteoclasts, were identified. Previous 
results have determined that bony spurs may be involved in 
another pathological process that occurs during the later stages 
of RA. Therefore, further studies investigating this symptom 
are required to improve the understanding of RA and facilitate 
the development of an appropriate treatment for RA.

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease. The 
possible causes of RA remain unclear at present, which renders it 
difficult to treat. A number of strategies have been used to treat RA 
that target different pathological stages of the disease (1,2). The 
primary symptom of RA is inflammation of the synovial lining 
of the articular cartilage. Therefore, the majority of therapeutic 
strategies for RA inhibit inflammatory cytokines, such as tumor 
necrosis factor (TNF) (3). However, none of the current treatments 
completely cure RA, therefore further studies are required to deter-
mine its exact pathology and enable the development of curative 
treatments.

Long‑term and systemic chronic inflammation leads to 
the development of lesions in the joint architecture, which 
is the structural basis for progressive impairment of func-
tion. The primary radiographic characteristics of RA include 
articular cartilage inflammation, peri‑articular bone loss, 
uniform joint space loss, bone destruction and soft‑tissue 
swelling of the entire joint (4). Sustained inflammatory joint 
erosion may be accompanied by the formation of bony spurs, 
also known as osteophytes. These bony spurs form at the joint 
edges in various diseases, including psoriatic arthritis and 
ankylosing spondylitis (5). The causes of the divergent bone 
responses in various inflammatory diseases are currently 
unknown but may involve the differential regulation of local 
bone homeostasis in the course of inflammatory arthritis (6).

The aforementioned previous studies suggest that bony 
spur formation is primarily a result of articular damage. 
Osteoclasts are considered to be the primary bone‑resorbing 
cell in inflammatory arthritis and may serve a key role in 
RA (7,8). Bony spur formation is an important symptom of 
inflammatory joint disease, due to inflammation leading to 
joint degeneration, such as articular cartilage thinning and 
joint space narrowing. Abnormal cartilage and bone prolife
ration cause spur formation and chronic pain (9), however its 
mechanism of action is currently not well understood. Thus, 
increased attention should be given to bony spur formation 
associated with inflammatory cytokines, bone metabolic 
syndrome and molecules (such as glucocorticoids). Improving 
these symptoms may affect the formation of bony spurs and 
modify structural joint damage (10,11).
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Therefore, the current study aimed to evaluate bony 
spur formation in a collagen‑induced arthritis (CIA) animal 
model and investigate the role of bony spurs in the process 
of articular cartilage damage. The results of the current study 
may therefore aid future research into the pathology of RA.

Materials and methods

Animals. Wistar rats (25 female rats, 8‑10 weeks old, mean 
weight 180 g) were purchased from Vital River Laboratory 
Animal Technology Co., Ltd (Beijing, China). Rats were kept 
and fed in specific pathogen‑free conditions at the animal 
facility of Shenzhen Institute of Advanced Technology, Chinese 
Academy of Sciences (Shenzhen, China). All animals were 
housed in cages with a 12‑h light/dark cycle, 60% humidity and 
room temperature of 21˚C. All procedures performed in the 
present study were approved by the Institutional Animal Care 
and Use Committee of the Shenzhen Institute of Advanced 
Technology.

Induction of CIA in rats. Randomly selected rats (n=20) 
were immunized with collagen type II (CII), and 5 normal 
rats were not immunized as the control. CIA was induced 
using the method described by Trentham et al (12). In brief, 
bovine collagen‑II (CII) (CII; Chondrex Inc., Redmond, WA, 
USA) was dissolved in 0.05 M acetic acid and emulsified 
with isovolumic incomplete Freund's adjuvant (IFA; 7,002, 
Chondrex Inc.). A total of 0.2 ml CII‑IFA emulsification solu-
tion was administered as an intradermal injection at the tail 
of each rat; the injection site was ~2 cm away from the tail 
root. An additional 0.1 ml CII‑IFA emulsification solution was 
subcutaneously injected as a booster immunization into the 
opposite side of the tail 10 days after the initial immunization. 
All rats were observed 3 times a week by the same investigator 
to assess arthritis. The incidence of arthritis and the clinical 
score were evaluated.

When arthritis symptoms were present a semi‑quantitative 
scoring system was used to assess the severity of arthritis as 
follows: 0, normal joint; 1, swelling and redness in 1 joint; 2, 
swelling in >1 joint; 3, whole‑paw swelling and 4, joint defor-
mity and/or ankylosis (13). Accumulated scores for all four 
paws of each rat (maximum possible score of 16) were used 
to determine disease severity and progression. To evaluate 
disease incidence, animals were considered to have arthritis if 
the score increased ≥2 points compared with the score at the 
start of the experiment.

Radiological analysis. X‑rays at 35 kV and 20 sec (Faxitron 
Bioptics, LLC, Tucson, AZ, USA) and micro‑computed 
tomography (micro‑CT; 1,076 Bruker microct, Kontich, 
Belgium) scans of the lateral view were recorded at 60 kV and 
400 µA, at 3 months following the second immunization.

Histological analysis. Rats were sacrificed using an overdose 
(100  mg/kg) of pentobarbital sodium salt (Merck KGaA, 
Darmstadt, Germany) and claws were fixed in 4.0% formal-
dehyde for 12 h at room temperature prior to decalcification in 
10% EDTA solution at room temperature for ~30 days. Paraffin 
sections of the claws (7 µm) were stained using a hematoxylin 
and eosin (H&E) kit (Nanjing Jiancheng Technology Co., Ltd., 

Nanjing, China) to identify synovial inflammation and bone 
destruction. A leukocyte acid phosphatase staining (TRAP) 
kit (Sigma‑Aldrich, Inc., Merck KGaA) was used to detect 
osteoclasts, according to the manufacturer's instructions. 
Sections were observed using an Olympus BX53 microscope 
(Olympus Corporation, Tokyo, Japan).

Statistical analysis. To evaluate the effects of different treat-
ments changes in the arthritis scores between the beginning 
and end of the experiment was determined in rats from 
each group. Statistical significance was determined using a 
Kruskal‑Wallis test. SPSS 17.0 was used to assess the results 
of all experiments (SPSS, Inc., Chicago, IL, USA) and the 
statistical significance level was set at P<0.05.

Results

CIA model. Two rats presented with symptoms of arthritis 
5 days after the second immunization whereas the majority 
of the rats exhibited this symptom ~10 days after the second 
immunization (CIA symptoms were observed in 12 of 
20 immunized rats). Macroscopic pathology indicated redness 
and swelling in the joints of the CIA model rats (Fig. 1). The 
redness and swelling of the joints of CIA model rats (Fig. 1B) 
was notably higher than that of control rats (Fig. 1A). The 
results of the semi‑quantitative scoring system demonstrated 
that this difference in arthritis severity was significant (P<0.05; 
Fig. 1C).

Emergence of bony spur formation following synovial inflam-
mation and bone destruction. Radiology results indicated 
that bony spur formation accompanied with joint destruc-
tion was observed 3 months after the second immunization 
in the CIA model rats (Fig. 2A). By contrast, no bony spur 
formation was detected in the control rats (Fig. 2B). A 3D 
micro‑CT analysis demonstrated that the joint damage in the 
CIA model group was severe and that the original form of the 
joint was almost invisible (Fig. 2C). This was not evident in 
control rats (Fig. 2D). H&E staining of the joint revealed that 
bony spur formation was accompanied by articular cartilage 
damage (Fig. 3A). Furthermore, TRAP staining demonstrated 
that TRAP‑positive cells adhered to the eroded surface of the 
bony area (Fig. 3B). These osteoclast cells directly contributed 
to the erosion of cartilage and these results indicate that the 
differentiation status of chondrocytes in the CIA model was 
altered in an inflammatory environment, similar to the histo-
logical expression of endochondral ossification.

Discussion

Information regarding bony spur formation, considered to be 
an important symptom of human RA, is currently limited. 
Thus, further studies are required to investigate bony spur 
formation. Bony spur formation is a common pathological 
symptom in inflammatory and degenerative joint diseases 
and these bony spurs usually form at the joint edge or at 
the insertion sites of tendons  (6). Previous results have 
suggested that the formation of bony spurs may represent 
a response‑to‑stress mechanism in joint disease  (14). 
Furthermore, mechanical stress (such as load and friction), 
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metabolic discord, subchondral bone sclerosis and long‑term 
inflammation may lead to the formation of bony spurs. In 
RA, mechanical and inflammatory triggers are particularly 
important factors influencing bony spur formation. Arthritis 
patients experience persistent stress and long‑term inflamma-
tory symptoms, these pathologies support the conclusion that 
bony spur formation is a chronic process that is accompanied 
by joint pain (15). Furthermore, bony spurs may be a response 
to joint stress and this pathology may also contribute to the 
disease burden, as it leads to stiffness of the entire joint and 
the loss of motion (16).

These insights support the hypothesis that bony spur 
formation depends on molecules associated with bone 
formation, including transforming growth factor β, bone 
morphogenetic proteins and the Wnt protein family (17,18). 
To improve understanding of bony spur formation, studies 
have established animal models of human inflammatory 
joint disease, which have the potential to form bony spurs. 
Different models of inflammatory arthritis, such as CIA, 
determine therapeutic intervention in these inflammatory 
pathways. Treatment strategies currently applied include 

suppression of interleukin‑1, TNF‑α and the immune 
complex  (19,20). Inhibition of these inflammatory cyto-
kines is important to facilitate the improvement of chronic 
arthritis, however their effect on bony spur formation 
remains unknown  (21). Following the development of an 
animal model of RA, transgenic and gene‑knockout models 
have been constructed; however, these models do not exactly 
mimic the disease progression of human RA (22). Although 
the role of these pathways in the formation of bony spurs and 
their mutual interaction cannot be confirmed, when joints 
become inflamed or are subjected to mechanical stress it may 
activate these essential bone‑forming molecular pathways, 
such as the Wnt/β‑catenin protein pathway (23).

Osteoclasts are often detected in bony spur areas and 
cause joint pannus formation that is an important pathological 
feature of arthritis (24). The growth of bony spurs requires 
the formation of endochondral bones, which requires osteo-
clasts and is characterized by the production of a cartilaginous 
scaffold containing hypertrophic chondrocytes followed 
by remodeling into bone  (18,25). Furthermore, bony spur 
formation is associated with an increase in bone metabolism, 

Figure 1. Macroscopic pathology of joint swelling in rats with CIA. (A) Control group (n=5), (B) arthritis onset in the CIA group (10 of the 15 induced rats 
revealed symptoms of rheumatoid arthritis) and (C) the clinical scoring indicating arthritis severity. Differences between the control and the model animal 
group were statistically significant (P<0.05). CIA, collagen‑induced arthritis; SEM, standard error of the mean.
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with enhanced bone resorption and formation facilitating the 
construction of newly formed bone (18). Additionally, lesion 
site osteoclast formation and osteoclast resorption of bone are 
construed as the primary mechanisms responsible for the cata-
bolic pattern of inflammatory joint damage typically observed 

in arthritis (26). Therefore, interventions in bone metabolism 
may affect RA treatment strategies.

In conclusion, the results of the present study demonstrate 
that articular cartilage fusion is a pathological phenomenon 
that occurs during the later stage of CIA model development. 

Figure 2. Radiological observation of rats. Evaluation of arthritis onset in the (A) CIA model group and (B) control group. 3D micro‑computed tomography 
image of joint destruction in the (C) CIA model group and (D) control group.

Figure 3. Histological observation of joint bony spur formation and bone damage. (A) Tissue sections were stained with H&E to study bony spur formation 
(black arrows) and bone destruction (white arrows). (H&E stain; original magnification, x100); (B) Osteoclast observation (black arrows), where tissue sections 
were stained with TRAP (TRAP stain, original magnification, x200). H&E, hematoxylin and eosin; TRAP, tartrate‑resistant acid phosphatase.
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Articular cartilage fusion is similar to endonchondral ossifi-
cation and may serve an important role in the formation of 
bony spur. These data indicate that bony spur formation is a 
response to injury, inflammatory stimuli and bone metabo-
lism, but at present these pathological phenomena are not fully 
understood. Further in‑depth studies are required to determine 
the underlying mechanisms of bony spur formation.
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