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Abstract 

Background: Osteoarthritis (OA) is a slowly progressive degenerative disease characterized by gradual loss of 

articular cartilage. The influence of excessive running load on the development of knee OA was investigated in 

male Wistar rats. This study was done to test the sex-related difference in the risk of OA of the hip joint after 

moderate running exercise. 
Materials and Methods: Forty male and female Wistar rats were randomly assigned to four equal groups (2 

male and 2 female groups) in a same condition. Ten of each sex were selected as control groups and kept 

separately while running exercises were performed in remained 20 male and female rats using a motor 

treadmill to motivate rats to run daily distances of 1 km at 5 days/week within six weeks. The treadmill incline 

was zero. On day 43, all control and training animals were killed and the hip articular cartilage and its synovial 

layer were evaluated microscopically. 

Results: The appearance of hip articular cartilage was normal and similar in all male, female and also male 

running groups while female running group showed some changes. Obtained results showed a mild OA only 

in the female running group. There wasn‟t seen synovitis in both male and female running groups in 

comparison with control groups (P>0.05). 

Conclusion: This study showed that the development of hip OA may be related to the sex differences as seen in 

the knee OA previously. 
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Introduction 

Movement training is the very important way to 

improve quality, different training mode and 

intensity can lead to different effects to the human 

body, while unreasonable movement training can 

even induce injury. Both excessive motion of the 

joint
1 

and excessive exposure of load on the joint are 

known clinically and experimentally to cause 

degeneration or damage of the articular cartilage
2,3

. 

The term “osteoarthritis” (OA) is used to represent a 

heterogeneous group of joint disorders in patients 

presenting with joint pain and stiffness. OA is a 

disease with a truly formidable impact. As the most 

common form of arthritis, it accounts for more 

dependency in walking, stair climbing, and other 

lower extremity tasks than any other disease, 

especially in the elderly
4
. 

History of an injury to a joint, particularly at the knee 
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and hip, is associated with an increased risk for 

osteoarthritis in cross-sectional and case–control 

studies
5
. To date, prospective studies have examined 

the relation between history of joint injury and OA in 

middle-aged persons and senior citizens
6,7

, but not in 

young adults. However, many athletic injuries occur 

in high school and college. For example, hip injuries 

are reported to be common among hockey players 

and are receiving increased attention in the 

literature
8,9,10,11

. In addition, joint trauma may be a 

more common cause of osteoarthritis than has been 

previously recognized
12

. 

Running (in both humans and animal models) has 

been thought to be a very eligible and popular 

physical activity for many years; however, the 

repetitive nature of running can lead to overuse 

injuries in the weighted joint
1,13

. The character of this 

activity is the repeatability, which can contribute to 

the gradual accumulation of knee cartilage damage 

due to insufficient recovery time between the 

demands theoretically, further lead to the overuse 

injuries of cartilage
1
.  

Osteoarthritis of the hip is categorized as primary 

(idiopathic) or secondary (systemic or localized) 

disease. Risk factors for primary osteoarthritis of the 

hip include old age, high bone mass, a genetic 

predisposition for the disease, increased body-mass 

index, participation in weight-bearing sports (e.g., 

running at an elite level), and occupations that 

require prolonged standing, lifting, or moving of 

heavy objects
14-17

. Polymorphisms and signaling 

pathways involved with the development and 

metabolism of bone and cartilage have also been 

linked to the risk of osteoarthritis
18-20

. 

Some studies have investigated the effect of high-

intensity running on the knee joint OA
1,21-23

 while 

there is not enough information about this physical 

activity in the hip joint. In this search, based on 

previous studies
1,21-23

 we built a model of cartilage 

overuse injury in the rat knee joint (moderate OA) by 

the daily high-intensity running, and then evaluated 

the effects of this high-intensity exercise on the hip 

joint. 

Methods 

All procedures involving the experimental use of 

animals were approved by the Animal Ethics 

Committee, a branch of the Research Council of the 

Veterinary School at Shahid Bahonar University, 

Kerman Province, Iran. 

Twenty, 9–10-week old, male Wistar rats, and also 

twenty 10-11-week old, female Wistar rats, initially 

weighing 190 to 200 g, were randomly assigned to 

four equal groups (2 male and 2 female groups) and 

housed in metabolic cages with free access to 

commercial rodent diet and water. All rats were 

allowed a 5-day adaptation period in a room with 

controlled conditions (temperature 22–25 °C and 

humidity 60–70%) before starting the experiment. 

This protocol was performed, in accordance with the 

international guiding principles for biomedical 

researchers involving laboratory animals, at the 

Veterinary Medicine Faculty, Shahid Bahonar 

University of Kerman, Iran. 

Ten of each sex were selected as control groups and 

kept separately. Running exercises were performed in 

remained 16 male and female Wistar rats. One week 

after adapting period, both male and female groups 

commenced 6 weeks of exercise on a motor-driven 

treadmill (Model T510, DRI Co., Taoyuan, Taiwan). 

There was a wind stimulus at the end of it. The speed 

was set at 18-20 m/min and the rats ran on the 

treadmill for 60 minutes each day for 5 days of every 

week. On the other word, the running load was set at 

1000 m/day for a 5 day/week program. The treadmill 

incline was zero. This intensity was considered a 

moderate level of exercise
24

.  

On day 43, animals were killed by cervical dislocation 

under anesthesia. After necropsy, the heads of the right 

femur were separated of acetabulum immediately after 

sacrifice and examined grossly. Then left hip joints 

without separation of acetabulum (including cartilage 

and subchondral bone) were floated in 10% 

paraformaldehyde solution in order to light 

microscope histological observation. On day 10, all 

samples for light microscope histological observation 

were decalcified with 10% formic acid decalcifying 

fluid; after being embedded in paraffin, 5μm sections 

were cut at the mid of femoral head near the fovea 

capitis perpendicularly and stained with hematoxylin-

eosin method finally.  

The histological sections were evaluated using the 

Mankin scheme
25

. We only differed safranin-O 

staining with hematoxylin-eosin method. In order to 
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histological grading of synovial layer changes, Krenn 

et al's method was used
26

. Both Mankin and synovial 

evaluated parameters and also grading of them are 

mentioned in Tables 1 and 2. 

Results were expressed as Means±SE using the 

software SPSS 16 (Statistical Package for the Social 

Sciences, version 16, SPSS; Chicago, USA). 

Results 

The synovial layer in both male and female control 

groups was normal. There was a not seen multi-layer 

cell or inflammatory cells in these groups. Male 

examples in running group except 3 ones, showed a 

normal condition as males in the control group. Two 

male examples showed just an increase in their layers 

up to 3 layers and also a mild filtration of plasma 

cells was seen in one of them (Table 1). 

At sacrifice, all right hip joints were opened and 

examined for gross morphological degeneration to 

the articular cartilage, inflammation and 

osteophytosis. Cartilage in both male and female 

control groups appeared glossy and translucent, with 

a smooth surface. Differences in the findings 

between male controls with male running group 

could not be observed (Table 3). 

At 6-week, in the female running group, the 

synovium of joint appeared slightly coarse and 

inspissate only in 4 female examples in running 

groups, and with a mild hyperemia dropsy display 

(Figure 1). In addition, based on grading by Krenn et 

al. (2002), the grading of synovial layer in female 

and male running groups were 1±0.47 and 0.4±0.22 

respectively (Table 1). In addition, both running 

groups showed no synovitis as normal groups. On the 

other hand, superficial cartilage irregularity in the 

femur head could be found only in 7 female 

examples of running group (Figure 2). Osteophytes 

were not seen in any of the hip joints, and no other 

gross abnormalities were noted in any of the hip joint 

cartilages (Table 2).  

Based on obtaining results, we suggest that moderate 

running exercise may lead to a mild osteoarthritis in 

the hip joint of some females after 6 weeks. 

 

Discussion 

The joint is a complex organ, made up of periarticular 

and subchondral bone, articular cartilage, synovial 

membrane, joint capsule, and periarticular 

musculature. Deleterious effects of trauma that 

compromise the structural integrity of one or more of 

these joint constituents are implicated in the 

development of osteoarthritis 
27

. Harmful forces 

inflicted on a joint during an injury lead to cartilage 

breakdown, trabecular microfracture, and bone 

remodeling 
28,29

. 

The pathogenesis of osteoarthritis is not completely 

understood. Osteoarthritis most likely begins with 

degradation of the articular cartilage in a localized, 

nonuniform manner. This process is followed by a 

subsequent thickening of the subchondral bone, new 

bony outgrowths at joint margins (referred to as 

osteophytes), and mild-to-moderate synovial 

inflammation. The initiating events that lead to 

osteoarthritis are not clearly established, but are 

probably due to abnormal signals that alter the 

chondrocyte phenotype so that it synthesizes proteins 

that degrade the matrix and causes the joint to 

degenerate
30

. 

There is a relationship between a rather subtle 

deformity of the proximal femur, which is called the 

„„tilt deformity‟‟ to the subsequent development of 

osteoarthritis (OA) of the hip
31

. The new theory first 

required an extensive set of exclusion criteria: 

inflammatory diseases of the hip (such as rheumatoid 

arthritis, ankylosing spondylitis, Reiter‟s syndrome, or 

lupus) as well as calcium pyrophosphate disease 

diffuse idiopathic skeletal hyperostosis, gout, and 

hemochromatosis. Also excluded were osteonecrosis 

and fractures around the joint, including fracture of the 

acetabulum, femoral head, or femoral neck. Similarly, 

cases of damage to the cartilage from infection or 

resulting from penetration of a fixation device into the 

joint space were excluded. This set of exclusions was 

necessary to narrow the definition of hip OA to those 

causes that arise within the joint itself without 

extraneous inflammatory, traumatic, and metabolic 

causes, such as OA that can develop after an earlier 

septic damage or after rheumatoid arthritis has 

damaged the joint at an earlier time and has burned out 

as an active rheumatoid process
31

. 
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Cross-sectional studies have shown that a history of 

joint injury is related to knee and hip 

osteoarthritis
32,33

. When the exposure (injury) and 

outcome  (osteoarthritis) are assessed at the same 

point in time, it is difficult to discern which one 

occurred first. Injury may result from an unsteady, 

mechanically impaired knee and may not predate the 

development of osteoarthritis
34

. 

One theory of pathogenesis for osteoarthritis is that 

excessive body weight and the associated increased 

stress on joints induce the transformation of passive 

hip joint laxity to functional hip joint laxity, thereby 

initiating osteoarthritis
35

. Excessive body weight has 

been determined as a risk factor for development of 

osteoarthritis in humans, guinea pigs, mice, and 

dogs
36

. In this study, we showed a same moderate 

exercise in males and females with the same body 

weight may lead to a mild OA only in the hip of 

females. 

It is reported in the literature that women have a 

higher prevalence of knee and certain types of hand 

OA than men, particularly after 50 years of age
37

, 

whereas the evidence for a sex difference in hip OA 

is conflicting from individual study results
38

. 

Jones et al. (2000) previously reported that males had 

significantly more knee cartilage than females in 

healthy children, even after adjustment for other 

confounders and concluded that sex-related 

differences in cartilage development might be one 

explanation for sex variation in knee OA observed in 

later life 
39

. Ding et al. (2003) reported that men had 

significantly larger patellar and femoral cartilage 

volume than women, independently of body and bone 

size. Tibial cartilage volume was larger in men, but 

became non-significant after adjustment for body and 

bone size
40

. Faber et al. (2001) reported sex 

differences of similar magnitude in tibial and femoral 

but not patellar cartilage volume in young healthy 

subjects. These differences became non-significant 

after adjustment for body weight and height
41

. 

Based on results that showed by Ding et al. (2003), the 

sex differences appeared, in part, to be mediated by 

the body and bone size, but not physical activity 
40

. 

Furthermore, these differences became larger after the 

age of 50 suggesting that the sex differences are due to 

both cartilage development and cartilage loss in later 

Table 1: Synovial layer grading system of osteoarthritis and obtained results in male and female examples*.. 

Category Gra

de 

Male 

(example number) 

Female 

(example number) 

I. Enlargement of the synovial lining 

cell layer 

 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 

a:The lining cells form one layer 0  * *  * * * * * *    *  * * * * * 

b: The lining cells form 2–3 layers  1 *   *       *  *  *      

c: The lining cells form 4–5 layers, few 
multinucleated cells might occur 

2            *         

d:The lining cells form more than 5 layers, 

the lining might be ulcerated and 

multinucleated cells might occur 

3                     

II. Density of the resident cells    

a: The synovial stroma shows normal 

cellularity 
0 * * *  * * * * * *    * * * * * * * 

b: The cellularity is slightly increased 1    *       * * *        

c: The cellularity is moderately increased, 

multinucleated cells might occur 
2                     

d: The cellularity is greatly increased, 

multinucleated giant cells, pannus 
formation and rheumatoid granulomas 

might occur 

3                     

III. Inflammatory infiltrate    

a: No inflammatory infiltrate 0 * * * * * * * *  *   *  * * * * * * 

b: Few mostly perivascular situated 

lymphocytes or plasma cells 
1         *  * *  *       

c: Numerous lymphocytes or plasma cells, 

sometimes forming follicle-like aggregates 
2                     

d: Dense band like inflammatory infiltrate 

or numerous large follicle-like aggregates 
3                     

Total 9 1 0 0 2 0 0 0 0 1 0 3 4 2 1 0 0 0 0 0 0 
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life
42

. In contrast, in a sample of 18 young subjects, 

Faber et al. (2001) reported that men had 20–47% 

higher knee cartilage volume, and that the sex 

differences became non-significant at all sites after 

adjustment for body weight and height
41

. We did not 

measure cartilage thickness or hip cartilage volume.  

In order to explain the difference between the male 

and female's cartilage volume, the most likely 

candidates are sex hormones and growth factors. 

Oestrogen, progesterone and testosterone receptors 

are present in human fetal cartilaginous tissue
43

, and 

androgens can stimulate human chondrocyte 

proliferation as well as collagen and proteoglycan 

synthesis
44

. Hormone replacement therapy has been 

associated with higher cartilage volume in post-

menopausal women
45

. In addition, recent evidence 

suggested that there was a positive association 

between knee cartilage volume and serum 

testosterone at tibial cartilage sites, which only 

reached statistical significance for medial tibial 

cartilage where serum testosterone explained up to 8% 

of the variation in cartilage volume
46

. Similarly, 

growth factors such as transforming growth factor-ɞ 

and insulin-like growth factor-1 play important roles 

in articular cartilage formation and proteoglycan 

synthesis
47

. We suggest that these factors may effect 

on the hip cartilage volume in the men and females.  

When running, the change of the loading on the 

surface of articular cartilage is relatively slow, and the 

loading proportion on the cartilage matrix and matrix 

deformation degree are great. Cartilage structure 

deformation mainly depends on matrix liquid flowing 

out. The collagen framework deforming slowly, 

related liquid flowing thoroughly, stress distributing in 

a balance mode, all of these prevent partial 

hypertension from happening. For this reason, damage 

of cartilage matrix structure is relatively slight in 

exercise of excess running. However, when running, 

Table 2: Mankin histological and histochemical grading system of osteoarthritis and obtained results in male and 

female examples. 

Category G

r

a

d

e 

Male 

(example number) 

Female 

(example number) 

I. Structure  1 2 3 4 5 6 7 8 9 1

0 

1 2 3 4 5 6 7 8 9 10 

a. Normal 0 * * * * * * * * * *    * * * * * * * 

b. Surface irregularity 1           *  *        

c. Pannus and surface irregularity 2            *         

d. Clefts to transitional zone 3                     

e. Clefts to radial zone 4                     

f. Clefts to calcified zone 5                     

g. Complete disorganization 6                     

II. Cells    

a. Normal 0 * *   * * * * * *     * *  * * * 

b. Diffuse hypercellularity 1   * *       *  * *   *    

c. Cloning 2            *         

d. Hypocellularity 3                     

III. Safranin-O staining■    

a. Normal 0 * *   * * * * *      *   * *  

b. Slight reduction 1   * *      * * * * *  * *   * 

c. Moderate reduction 2                     

d. Severe reduction 3                     

e. No dye noted 4                     

IV. Tidemark integrity 1                     

a. Intact 0 * * * * * * * * * * * * * * * * * * * * 

b. Crossed by blood vessels 1                     

Total 1

4 

0 0 2 2 0 0 0 0 0 1 3 5 3 2 0 1 2 0 0 1 

■ In this study H&E staining was used instead of Safranin-0 staining. 
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much liquid drains out from cartilage matrix, 

collagen framework deforms lastingly, and spatial 

structure of cartilage matrix changes greatly, which 

lead to great deforming force effecting on the 

chondrocyte embedded in the matrix. Therefore, Qi 

and Changlin (2008) considered that damage of 

chondrocyte is the main aspect in the cartilage injury 

induced by excess running. This view had been 

proved in their study: dead cell ratio had a significant 

elevation after 4 weeks of high-intensity running 

training, and much degenerated chondrocytes with 

deformed nucleus, expanded endoplasmic reticulum, 

and increased heterochromatin were found in 

observation with transmission electron microscope
1
. 

Conclusion 

Excessive and repetitive use of joint, may cause partial 

load and attrition increasing on the articular cartilage 

surface, stimulates the inflammatory reaction, or even 

cartilage tissue degeneration. In this research, the male 

and female rats were trained in moderate-intensity 

running mode, and observed the some mild 

pathological changes of articular cartilage in the hip 

joint at 6-week only in the female running group. 

Mankin grades is a common used scoring standard for 

the evaluation of cartilage injury degree, which grades 

the examples for structure, matrix dyeing, tidemark 

Table 3: Average (Mean±SE) of obtained results in Mankin and synovial gradings. 

 Male  Female 

Control Runner Control Runner 

Mankin 0a 0.5±0.27a 0a 1.7±0.52b 

Synovial Layer* 0a 0.4±0.22a 0a 1±0.47b 
a,b Means in a row without a common superscript are different (P <0.05) 

0*: Sum 0-1 = No synovitis (Normal); Sum 2–4 = Low-grade synovitis; Sum 5–9 = High-grade synovitis 

 

 
 

Figure 1. Synovial layer cells in control (A) and female running (B) groups. There is more than one layer cell (and also less than four layer 

cell) in the female running group compare to the one layer cell in control group (H&E, magnification ×80 and ×200 in A and B 

respectively). 

 

 
 

Figure 2. Articular cartilage surface in control (A) and female running (B) groups. There is surface irregularities, some diffuse 

hypercellularity and slight reduction in the staining in the female running group compare to the control one that is evaluated as mild OA 

(H&E, magnification ×200). 
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integrity, and cellularity. This study showed Mankin 

grades in female running group at 6-week was 

significantly higher than female control group, while 

there was no difference between male running and 

control groups. Evaluation the synovial layer and 

Mankin grade in two male and female running 

groups showed moderate running exercise could 

induce a mild cartilage injury only in the female's hip 

joint directly. 
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