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Osteoarthritis - background 
 
Osteoarthritis 
Osteoarthritis (OA) is the most common joint disorder in the middle aged and older 
people. Its onset is insidious, and its course is mostly progressive and frequently causing 
pain, loss of function, and disability

1, 2
. The Anglo-Saxon nomenclature, OA from the Greek 

osteon-arthron-itis, suggests an intra-articular inflammatory component to be involved, 
whereas the less frequently used term osteoarthrosis (osteon-arthron-osis) suggests bone 
degeneration to dominate. To date it is believed that OA is a disease involving the entire 
joint, including changes in joint cartilage, bone, synovial membrane, and soft tissues. The 
disease is characterized by cartilage breakdown, formation of bony tissue at the joint 
margins (osteophytes), subchondral bone changes (generally referred to as sclerosis), 
inflammation of the synovial membrane, and changes (impairment) of the peri-articular 
soft tissues

3
. OA can occur in every synovial joint in the body, but is most common in the 

hands, hips, and knees
2
. 

 

 
Figure 1: Risk factors associated with the development and progression of OA 
Congenital and acquired predispositions may be different for the development of OA than those for 
the progression of OA. (See Appendix for a color version of this figure) 
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Risk factors 
Ample evidence suggests a multi-factorial etiology of OA by combinations of 
biomechanical and biochemical, including inflammatory and genetic factors

4
. The initial 

event that triggers the pathological process is unclear and it is still being debated whether 
the initial changes occur in the cartilage, the subchondral bone, or even the synovium

5
.  

Risk factors that are identified for OA are diverse and include gender, race, genetic 
predisposition, joint trauma, obesity, congenital or acquired anatomical deformities, 
chondrocalcinosis, occupation, and many more

6-10
. It has been suggested that risk factors 

differ from joint to joint and even at different sites within the same joint. Furthermore, 
the risk factors for the development of OA may be different from those for the 
progression of OA. (Figure 1) The two most strongly related risks factors for OA are age 
and obesity

11, 12
. 

 
Due to aging, the proliferative capacity of chondrocytes is decreased and low turnover of 
cartilage matrix leads to age-related changes

13-16
. With respect to obesity, many studies 

have demonstrated that biomechanical factors mediate the relationship between OA and 
obesity

17, 18
. A more recent concept is that obesity exerts a systemic metabolic effect that 

directly influences the pathogenesis of OA
4, 19-21

. It is suggested that adipokines, that are 
secreted in fat tissue have a proinflammatory and catabolic/anabolic effect during the 
pathophysiology of OA

22, 23
. 

 
Prevalence 
OA can affect all synovial joints, but knee OA has the largest impact on society. It is the 
most common form of OA, affecting approximately 6-10% of the adult population, and the 
most invalidating form. Radiographic knee OA affects 30% of females over the age of 45 
and 25% of males

26
. The disease occurs in all ethnic groups and in all geographic locations. 

The risk of disability due to knee OA is similar to that due to cardiovascular disease, and 
greater than that caused by any other medical condition in the elderly

27
. The prevalence of 

knee OA is predicted to increase even more as a result of an aging population consisting of 
elderly people with an increasingly active and demanding lifestyle, and a growing 
incidence of obesity. Taken together, knee OA is already an enormous social-economic 
and health care burden

24, 25
, and this burden will probably further increase in the near 

future. 
 
Clinical symptoms 
Clinically, OA is characterized by joint pain, tenderness, limitation of movement, crepitus, 
occasional effusion, and local inflammation. The local inflammation is considered to be 
secondary to the degenerative processes. Pain, joint deformation, and stiffness of the 
joint capsule may lead to severe restriction of function, and in the long term to disability. 
The diagnosis of OA is based on clinical symptoms and physical examination. Radiographic 
features such as joint space narrowing, osteophytes, and subchondral bone changes are 
often included in the diagnosis

2
. The American College of Rheumatism (ACR) developed 

classification criteria to standardize the clinical definition of OA, especially with the aim to 
create standardized definitions for inclusion in trials and cohort studies. These criteria are 
the most commonly accepted clinical classification criteria for hip, knee (see Table 1), and 
hand OA

28
. 
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Table 1: Classification criteria for the definition of OA according to the American College of 
Rheumatism (ACR) 

 

Clinical criteria: 

Articular knee pain for most days in the last month, and at least 3 of the following clinical 
findings: 

1. Crepitus on active joint motion  

2. Morning stiffness <30 minutes duration 

3. Age >38 years 

4. Bony enlargement of the knee on examination 

5. Bony tenderness of the knee on examination 

6. No palpable warmth 
 

Clinical and radiographic criteria: 

Articular knee pain for most days in the last month, and radiographic evidence of 
osteophytes on joint margins in addition to 1 of the following clinical findings: 

1. Crepitus on active joint motion 

2. Morning stiffness <30 minutes duration 

3. Age >38 years 

 
 
Pathogenesis 
As cartilage breakdown, formation of osteophytes, subchondral bone sclerosis, and 
inflammation of the synovial tissue are key features of OA

5
. In earlier days it was believed 

that OA was mainly a disease of the cartilage, seen with the ageing and ‘wear-and-tear’ of 
the cartilage surface. Currently this view is shifting towards the idea that OA is a disease of 
the whole joint, involving al the tissues surrounding the joint. (Figure 2) 
 

Synovial joints facilitate mobility by allowing bones to articulate with one another. In 
synovial joints the bone ends are covered with a surface of hyaline cartilage. Joint capsule 
and ligaments connect the two opposing bone ends. The joint cavity is lined by a 
vascularized synovium and is firmly enclosed by the fibrous capsule. It is filled with 
synovial fluid, which is an ultra-filtrate derived from plasma, supplemented with 
components, in particular hyaluronic acid, produced by the lining cells. Large molecular 
weight molecules excreted by synovial lining cells (such as hyaluronic acid and PRG4) make 
the synovial fluid viscous. This is important for a low friction coefficient of the cartilage to 
cartilage surface under high stresses. The specific combination of cartilage and synovial 
fluid in particular allows the synovial joint to resist the high biomechanical stress that 
develops during joint movement and loading. 
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Figure 2: Articular structures that are affected in OA 
The left side of the panel shows healthy tissue without lesions and synovial inflammation. The right 
side of the panel shows osteoarthritic tissue with fibrillated cartilage, bone remodeling, osteophyte 
formation and synovial inflammation. (See Appendix for a color version of this figure) 
 
 

Cartilage - changes and underlying processes in the cartilage 
Articular cartilage consists of chondrocytes in an extra-cellular matrix. Water is the major 
component of the extra-cellular matrix (68-85% of the wet weight in adult human 
cartilage). Collagens (mainly type II; 10-20% of the wet weight) and proteoglycans (mainly 
aggrecan; 5-10% of the wet weight) are the most prominent matrix molecules. The 
combination of these components is necessary for the mechanical properties of cartilage. 
The collagen network forms the shape and provides tensile strength of cartilage. The 
principal collagen, type II collagen, accounts for 90-95% of the collagen in articular 
cartilage and forms a febrile network with specific orientation

29
. The proteoglycans within 

the matrix are responsible for the resilience of the cartilage. These highly negatively 
charged proteoglycans are fixed in the matrix within the collagen network and are drawing 
cations into the matrix to balance the negative charge of the proteoglycans. The large 
osmotic potential that is hereby created results in absorption of water into the tissue. This 
leads to a large swelling force, restrained by the collagen network structure

30, 31
. During 

compressive loading of the cartilage the water is squeezed out. When the cartilage is 
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unloaded this water is absorbed again because of the osmotic pressure, thereby providing 
the unique resilience of articular cartilage

32, 33
. Chondrocytes maintain the cartilage matrix 

by synthesis and degradation of matrix components. The turnover rate of proteoglycans is 
higher than that of collagen. In healthy individuals, cartilage-matrix synthesis and 
degradation are in balance. Chondrocytes respond to changes in the extra-cellular matrix, 
such as the presence of fragmented matrix molecules, the presence of cytokines and 
growth factors with both catabolic and anabolic effects, and the frequency and intensity 
of joint loading

34
. (Figure 3) 

 

 
 
Figure 3: (Bio)mechanical and chemical factors result in a continuous balanced adaptation of the 
matrix by synthesis and breakdown. (See Appendix for a color version of this figure) 
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In OA a dysbalance between synthesis and degradation is causing a progressive loss of 
articular cartilage accompanied by a failing attempt to repair. Swelling is one of the first 
features in cartilage degeneration, indicating rupture of the collagen network

35
. In turn 

this leads to a loss of tensile properties and to a loss of proteoglycans. Altered 
biomechanical properties, and the response of chondrocytes to this make

36
, after a ‘point 

of no return’ is reached, the degradation process progressive over time. 
 
Cartilage tissue contains no nerve endings, and as such, cartilage damage itself is not a 
cause of pain in OA. Also cartilage tissue is not vascularized and fully depends for its 
nutrition on diffusion of components from the synovial fluid that is facilitated by loading 
and unloading. 
 
Synovium - changes and underlying processes in the synovium 
Synovial tissue lines the joint cavity and consists of one ore two cell layers of synovial cells. 
The synovial cells play a role in the nourishment of the chondrocytes through the synovial 
fluid in the joint space. But they are also responsible for the removal of metabolites and 
products of matrix degradation, as neither lymph nor blood vessels are present

3
. Even 

though OA is seen as a non-inflammatory disease, synovitis is detectable in several 
patients with OA

3
. Morning and inactivity stiffness are common symptoms in OA patients 

and acute inflammatory flares, characterized by redness, swelling, pain or heat are not 
uncommon

3
. 

 
Serological and histological evidence of synovitis is commonly found in OA, even though 
OA has not been consistently associated with specific immune responses. Inflammation 
may contribute to the cartilage damage by producing catabolic cytokines, such as 
interleukin-1β (IL-1β) and tumor necrosis factor-α (TNFα) among others, which in turn 
induce release of matrix metalloproteinases (MMPs), such as collagenases and 
stromelysines. These catabolic factors are also produced by chondrocytes and are involved 
in normal matrix turnover as well. (Figure 3) In OA, they are produced in elevated amounts 
during the degenerative process, contributing to joint pathology

37, 38
. However, the role of 

synovial changes in cartilage damage remains minor compared to rheumatoid arthritis, 
where aggressive invasion of synovial tissue in cartilage and bone significantly contributes 
to joint damage. Nonetheless, there is evidence that synovial inflammation can be 
involved in the early onset of OA when cartilage damage is less evident, as well as in 
advanced stages of OA

3
. As the joint capsule is innervated, synovitis and swelling of the 

joint contribute to the perception of pain. 
 
Subchondral bone 
Subchondral bone consists of a cortical bone plate which is supported by the cancellous 
bone. It is a network of bone trabeculae that is responsible for its strength and capacity to 
withstand loading forces

39
. Subchondral bone changes are a distinctive feature in OA 

development, and they include sclerosis, cyst formation or bone marrow lesions 
(evidenced by MRI or CT), bone attrition, and osteophytes

40
. 
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One of the most remarkable and consistent features of joints affected by OA is the 
development of osteophytes, osteochondral nodules at the joint margins

28
. The exact 

functional significance of osteophyte growth remains unclear. Some believe that 
osteophytes are meant to stabilize the damaged joint affected by OA, but this idea is 
disputed. Others believe that inflammation might be involved as well

41
. As bone is 

innervated, bone changes may add to the perception of pain. 
 
Subchondral bone changes beneath weight-bearing joint surface are commonly referred 
to as subchondral sclerosis. On radiographic imaging this reflects an increase in apparent 
bone density. The density of subchondral bone seems to be increased in OA because of 
the increased number of trabeculae and reduced separation between them, while the 
material density of the bone is significantly lower than in controls. The reduction in 
mineral can be explained by the increased turnover rate in osteoarthritic bone, which 
results in less mineralized bone. It is commonly accepted that the trabecular bone and the 
subchondral plate each respond differently and should be approached as separate 
structures

42, 43
. MRI studies have shown that increased bone density (sclerosis) on X-rays, 

coinciding with excessive loading, is associated with bone marrow lesions
44

. These MRI-
apparent lesions are marked by bone marrow necrosis, fibrosis, and trabecular 
abnormalities

45
. Bone marrow lesions may play a role in the pathogenesis of subchondral 

cysts, as cysts have been observed to arise within regions of marrow edema-like signal
46

. 
Subchondral cysts can frankly communicate with the joint space and are lined with fibrous 
connective tissue containing adipocytes and osteoblasts

47
. 

 
The role of subchondral bone in OA appears to be complex. Whether the subchondral 
bone lesions precede, occur simultaneously, or are the result of cartilage degeneration, is 
still subject of discussion

48
. The exact role of different forms of subchondral bone changes 

and sequence of changes in the development of OA is not yet clear. Nevertheless, it is 
likely that the mechanical integrity of the cartilage support is disrupted and cartilage will 
respond to the altered mechanics and biochemical condition. 
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Osteoarthritis - current treatment 
 
To date, OA cannot be cured. Current treatment of OA is aimed at reducing pain, 
minimizing functional disability, and limiting progression of damage until replacement of 
the affected joint becomes necessary

2, 49-52
. Guidelines from the ACR, EULAR, OARSI and 

NICE therefore all recommend a combination of both non-pharmacological and 
pharmacological treatment. This treatment can be different for each patient, but generally 
consists of several steps or a combination of steps during the disease process

2, 49-52
. Cure 

might be possible when OA is diagnosed and treated in the early stages of the disease. 
However, early features of OA are not yet properly defined, and the proper targets for 
treatment still remain to be found. (Figure 4) 
 

 
 
Figure 4: Guidelines for the treatment of OA based on recommendations from the ACR, EULAR, 
OARSI and NICE  
A combination of non-pharmacological and pharmacological treatment is advised. The patient 
should receive education, and lifestyle changes and symptomatic treatment with weak analgesics 
such as acetaminophen is advised. When insufficient response is reached the use of NSAIDs or intra-
articular glucocorticoids can be necessary. When there is still an insufficient response, surgical 
treatment like osteotomy or knee replacement surgery can be opted for. 
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Non-pharmacological treatment 
Non-pharmacological therapies include patient education, lifestyle modification, weight 
reduction, regular exercise, physiotherapy, and the use of orthopedic appliances (canes, 
insoles, braces)

53
. Dependent on the cause of OA, patients can modify their lifestyle. For 

example, patients who developed OA due to overweight may experience a decrease in 
pain after weight loss. Patients, who developed OA due to excessive use of a joint, may 
benefit from a decrease in loading of that particular joint in daily life. In addition, physical 
therapy is important in the treatment of OA, since strengthening of the muscles related to 
the osteoarthritic joint may relieve pain and improve function

53
. This effect is likely to be 

the result of an increase in the joint-stabilizing and shock-absorbing properties of the peri-
articular muscles. 
 
Pharmacological treatment 
Pharmacological treatment includes the application of non-opioid or opioid analgesics, 
non-steroidal anti-inflammatory drugs or coxibs and intra-articular glucocorticoids. Drugs 
for treatment of OA have been classified according to the guidelines of the Osteoarthritis 
Research Society

54
, as “symptom modifying” or “structure modifying” depending on their 

ability to relieve symptoms or to affect structural changes, respectively. Systemic 
treatment of OA is mainly “symptom modifying” and is directed at relief of pain and at 
diminishing secondary inflammation. The first pharmacological line of treatment is 
analgesics. It has been recommended to prescribe non-steroidal anti-inflammatory drugs 
(NSAIDs) only when analgesics do not result in symptom relief

55
. The use of NSAIDs or 

intra-articular glucocorticoids is effective in diminishing secondary inflammation, thereby 
reducing pain. However, chronic use of NSAIDs is accompanied by an increased incidence 
of the gastric ulceration, adverse renal and cardiovascular effects, and other deleterious 
effects, including direct adverse effects on cartilage

49, 56
. 

 
Disease-modifying osteoarthritic drugs are an important field of research

57
. Despite 

several claims of disease modifying properties of glucosamine sulphate, chondroitin 
sulphate

58
, and hyaluronic acid

59
, no undisputable evidence for each of them can be given 

yet
60

. 
 
Surgical treatment 
In the late stage of OA, when analgesics, physical, and pharmacological therapy do no 
longer provide sufficient pain relief and maintenance of function, surgical treatment of OA 
is indicated. Effective surgical methods aiming at joint preservation are scarce

61
. Bone 

marrow stimulation is a commonly used method to stimulate articular resurfacing. 
However, this technique does not always lead to symptom relief

62
. 

 
In case of OA that may be caused or worsened by an unfavorable mechanical loading of 
the joint due to a deviation of the leg axis, osteotomy might be a treatment of choice, 
especially in younger patients. In general, an osteotomy is applied to correct the joint mal-
alignment and decrease the load on the affected location. Symptoms might decrease as a 
result of an osteotomy and articular restoration of cartilage thickness has been 
observed

63
. Unfortunately, clinical improvement deteriorates over time as well as the 

regained radiographic joint space width
64

.  More recently, novel techniques such as joint 
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distraction has been reported on for treatment of end-stage knee OA with very good 
clinical effects are reported as well as significant repair of cartilage as demonstrated by 
MRI, X-ray and biochemical marker analyses

65
. To prove the efficacy of knee joint 

distraction in the long run, prolonged follow-up is needed.  
 
Finally, in end-stage disease, partial or total replacement of the joint is indicated. 
Replacing the destroyed joint with an endoprosthesis is currently the accepted treatment 
option for end-stage knee OA and is effective in relieving pain. Consequently, the number 
of total knee prosthesis is exponentially increasing and represents a major economic 
burden

66, 67
. Although joint replacement surgery is effective in reducing pain and 

improving function in patients suffering from severe knee OA, a prosthesis is subject to 
wear and tear and loosening. The outcome of revision surgery, years after the first 
prosthesis, is less positive and even more costly

68
. In later years the risk of loosening of the 

implant exists, which may make revision surgery with less good results necessary. Over 
40% of all knee replacements and up to 44% of all total knee revisions are performed in 
patients aged 65 and under

69
. The fact that total knee replacement surgery has a 

remarkably higher failure risk in younger patients than in older patients, associated with 
increased risk of revision

70
 is a major concern. One explanation may be high physical 

demands of the joints of the younger OA patients
71

. Total knee replacement surgery 
appears to be very effective in reducing pain and improving function, but it does not cure 
the disease. As such, there is still an increasing need in joint preserving treatments. 
 
It seems plausible that joint replacement surgery can be postponed or even prevented; 
assuming conservative treatment can still be improved. Solutions are being sought to find 
treatments for OA patients that can help earlier in the disease process. 
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Outline of this thesis 
 
As the population is aging with older people demanding an active lifestyle, and a growing 
incidence of obesity, the prevalence of knee OA is projected to increase exponentially, 
clearly with huge public health consequences. Moreover, growth of economies like those 
in Asia and China with increasing demands for state of the art healthcare will lead to a 
practical impasse regarding the numbers of joint replacement surgeries. Postponing a 
prosthesis while maintaining or even improving quality of life is currently the major goal in 
treatment of end-stage OA. If this can be achieved, placement of a joint prosthesis 
remains possible for all those who actually can not do without. 
 
Surprisingly, specific indications for timing of knee replacement surgery are not clearly 
defined, nor evidence based. It is generally appreciated that pain and restrictions in 
performance, despite use of adequate medication determines the decision, radiographic 
changes are less decisive

50, 72, 73
. However, it is not obvious how pain, disability, and 

radiological changes in addition to other patient characteristics like life expectancy 
determine the moment of joint replacement surgery

74, 75
. Therefore, it is not surprising 

that substantial variations in indications for total knee replacement between health 
professionals exist

74, 76, 77
. Moreover, experts in the field believe that in many patients with 

severe OA conservative treatment options are not optimally prescribed
78

. 
 
In Chapter 1 the characteristics and previous pharmacological medication of patients with 
end-stage knee OA undergoing total knee replacement surgery in a general hospital in the 
Netherlands are evaluated. It was also studied whether patients without adequate pain 
medication can still benefit from adequate pain medication treatment prior to surgery. 
Although exploratory, Chapter 2 describes that pain medication can still be optimized 
before total knee replacement. Chapter 3 describes the actual predictors for the short-
term outcome of knee replacement surgery. Demographics, clinical, and biochemical 
predictors for success after replacement surgery were sought for. As such in the following 
2 chapters markers of disease are evaluated that may predict the actual cartilage damage 
and synovial inflammation at the moment of knee replacement surgery. Chapter 4 
evaluates whether radiographic characteristics and/or clinical characteristics prior to TKR 
predict actual cartilage damage and/or synovial inflammation. In Chapter 5 serum 
adipokines were evaluated for their relation with actual cartilage damage and synovial 
inflammation in the affected joint. 
 
The second part of this thesis is focussed on the possible disease modification by the use 
of celecoxib as a potential disease modifying osteoarthritic drug (DMOAD) prior to knee 
joint replacement. Recent in vitro studies showed that celecoxib, a selective COX-2 
inhibitor, protects human osteoarthritic cartilage tissue from degeneration. In Chapter 6 a 
pilot study is described that investigated these beneficial effects in an in vivo (clinical) 
study with celecoxib treatment of patients with severe knee OA prior to surgery and 
subsequent evaluation of cartilage tissue damage ex vivo.  The results demonstrated a 
DMOAD effect and as such a large powered randomized controlled trial was started to 
evaluate possible in vivo disease modifying activity of the selective COX-2 inhibitor 
celecoxib, compared to no treatment and naproxen, in treating end-stage knee OA. In this 
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study, synovial inflammation was evaluated in addition to cartilage damage, using detailed 
ex vivo analyses of the tissues obtained at surgery. As described in Chapter 7, 
unfortunately the DMOAD activity of celecoxib could not be confirmed in this trial. This 
apparent discrepancy led to a thorough evaluation of the literature on the direct effects of 
celecoxib on cartilage, bone, and synoviocytes in OA as has been described in Chapter 8. 
In the final chapter (Chapter 9) the results are summarized and discussed in the context of 
the present knowledge on treatment of end stage knee OA considered for knee 
replacement surgery. This thesis is concluded by recommendations for future research on 
the management of end-stage knee OA. 
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Summary 
 

This brief report provides insight in characteristics and previous pharmacological 
management of patients with end-stage knee OA undergoing total knee replacement 
(TKR) surgery, and explores if patients without adequate pain medication can still benefit 
from adequate pain medication prior to surgery. 
 
Therefore, 172 successive OA patients, selected for TKR were evaluated for severity of 
symptoms, radiographic OA features, and medication used in past year. In case of 
inadequate medication, patients were randomized to an adequate NSAID dose or no 
medication, 6 weeks prior to actual surgery. 
 
Of the 172 patients, 44 used NSAIDs daily, 47 used acetaminophen or occasionally an 
NSAID, and 81 did not take any medication or occasionally acetaminophen. No differences 
in baseline characteristics were observed between these groups. In the patients that did 
not use adequate medication (no medication or occasional acetaminophen) in the year 
before surgery, patients randomized to NSAID treatment (n=46) showed significant clinical 
improvement in contrast to patients with no treatment. None of the baseline 
characteristics were associated with this clinical response. 
 
This exploratory study clearly demonstrates that pain medication can still be optimized 
before TKR. Properly designed RCTs are warranted to study potential effects of adequate 
pain medication to delay the need for TKR. 
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Introduction 

 
Recently it is published that patients with osteoarthritis (OA) who undergo total knee 
replacement (TKR) or total hip replacement have relatively high levels of use of pain-
related pharmacotherapy and high total health care costs in the 2 year period preceding 
surgery. Levels of utilization and costs increase as the date of surgery approaches

1
. This 

study made use of the US health insurance claims database and included over 15.000 
patients. Information on medication use was limited to prescription drugs dispensed by 
retail pharmacies. There was no information on purchases of over-the-counter products. 
However, the authors suspected that over-the-counter medication, including 
acetaminophen (paracetamol), are extensively used to treat OA given their effectiveness, 
relatively low costs, and ready availability, and that their estimation of use of 
pharmacotherapy and costs for symptomatic treatment of OA was likely underestimated

1
. 

Only slightly more than half of the patients undergoing TKR used an NSAID and this 
concerned on average 4.3 descriptions for a total of 5 months during the 24 months 
period prior to surgery. This may be lightened from a different perspective: half of the 
patients did not receive NSAID treatment and those that received NSAIDs were not using 
them for more than three quarter of the two year period to TKR, this despite a permanent 
replacement of their knee joint by an endo-prosthesis. 
 
Although TKR surgery has a good cost-benefit ratio, it remains expensive surgery, with all 
its risks. Most importantly, the exponential increase in joint replacements is becoming an 
inevitable medical and economic problem

2
. An exponential increase in TKR surgeries is 

anticipated due to the increasing prevalence of obesity and aging in the developed 
countries. TKR is clearly effective in reducing pain and improving function. The outcome of 
revision surgery, however, is less good and more costly. As such, postponing a first 
prosthesis is at present a major goal in end-stage OA treatment

3, 4
. 

 
The indications for TKR are pain and restrictions in performance despite the use of a 
combination of pharmacological and non-pharmacological interventions

5
. Radiographic 

changes also play a significant role in the deliberations of orthopedic surgeons to proceed 
to TKR surgery. Unfortunately, specific indications for timing of knee replacement surgery 
are not clearly defined. 
 
Clearly, pain, disability, and radiological changes, in addition to other patient 
characteristics determine the moment of joint replacement surgery

6, 7
. Therefore, it is not 

surprising that substantial variations in referral behavior between health professionals 
exist

7, 8
. Experts in the field believe that for many patients with severe OA, conservative 

treatment options are not optimally prescribed
9
. Assuming conservative treatment can 

still be improved it seems plausible that joint replacement surgery can be postponed or 
even prevented. 
 
Therefore, the current explorative study aims at obtaining insight in characteristics and 
previous pharmacological management of patients with knee OA submitted to TKR 
surgery and subsequently to explore if patients without adequate pain medication still 
benefit from pain medication. 
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Methods 

 
Patients 
One-hundred-and-seventy-two (172) successive patients from a single Dutch general 
hospital (Sint Franciscus Gasthuis, Rotterdam) selected for total knee replacement, were 
evaluated. Patients were randomized to an adequate NSAID dose (celecoxib 2dd220mg or 
naproxen 3dd250mg) or no medication (equal in groups of 4), 6 weeks prior to actual 
surgery. Exclusion criteria were: total knee replacement for other reasons than OA, history 
of gastrointestinal bleeding or perforation, increased risk for cardiovascular disease, 
serious liver and/or kidney dysfunction and known intolerance for specific NSAIDs. The 
hospitals medical ethical committee approved the study and written informed consent of 
each patient was obtained. 
 
Patient characteristics; symptom severity (WOMAC pain, stiffness, and physical activity), 
past year medication use, and radiographic OA scores were documented at inclusion. 
Severity of symptoms was determined again before actual surgery. A rheumatologist 
assessed consumption of pain medication in the past year by screening the medical 
history and by interviewing each patient. If and how many times (never; now and then; 
every week; every day) pain medication was taken in the past year for each drug was 
scored on a predefined list. The rheumatologist was unaware of the details of the study 
but was aware of specific purpose of data gathering. Features of radiographic knee 
osteoarthritis were graded according to Kellgren and Lawrence (K&L) and the Altman 
atlas

10
 by a rheumatologist not aware of the study setup. 

 
Statistical analysis 
Baseline data of all patients’ characteristics, means (±SD) or medians (with 25

th
-75

th
 

percentile) were used to describe characteristics and previous medication use. By 
comparing patients with no previous medication use with patients with previous 
medication use, factors associated with previous medication use were investigated using 
ANOVA. Subsequently, multivariate logistic regression analysis was done with previous 
medication use as dependent variable and baseline characteristics (age, gender, baseline 
WOMAC scores, K&L grade, and Altman characteristics) as independent variables. 
 
In the group with previous no adequate pain medication, it was investigated whether 
patients did benefit from daily NSAID use, by comparing changes in WOMAC scores 
(baseline - 6 weeks) of patients randomized to NSAIDs with those randomized to no 
treatment, using an independent t-test. Additionally, the number of responders was 
compared between the treatment and control group using a chi-square test. A responder 
was defined as an improvement of ≥50% in function or pain, or an improvement of ≥20% 
in both pain and in function. Factors associated with response were investigated using uni- 
and multivariate linear and logistic regression analyses with response (change in WOMAC 
score) as well as responder/non-responder-status as dependent variable and all baseline 
characteristics as independent variables. P-values ≤0.05 were considered statistically 
significant. 
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Results 

 
The majority of the 172 included patients were female (69.2%), with a mean age of 67.4 
years (see table 1). In the year prior to joint replacement surgery a quarter (n=44) of 
patients used NSAIDs daily, another quarter (n=47) used acetaminophen daily or 
occasionally an NSAID, and nearly half (n=81) of the patients did not take any medication 
or occasionally acetaminophen. No statistically significant differences in baseline 
characteristics or radiographic features were found between patients that did and 
patients that did not use adequate medication (table 1). Also multivariate logistic 
regression analyses did not reveal predictors for adequate medication use (data not 
shown). 

 
Figure 1: Number of patients referred to total knee 
replacement using no medication or occasionally 
paracetamol (No med.), daily paracetamol or 
occasionally a NSAID (PCM), or daily NSAIDs 
(NSAID). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Of patients not taking adequate pain medication, 46 were randomized to 6 weeks NSAID 
treatment (2/3 celecoxib and 1/3 naproxen) and 35 to no treatment. Baseline 
characteristics were not different (table 1). Also no difference between the celecoxib and 
naproxen group was observed, but groups are small (data not shown). Patients 
randomized to NSAID treatment improved statistically significant in pain and stiffness 
within the 6-week treatment period (table 2; no difference between the two NSAIDs data 
not shown). These effects were much smaller or even reversed (worsening) in the no 
treatment group (table 2). One third of the patients were classified as responders in 
contrast to none in the no-treatment group.  None of the baseline characteristics of the 
treated patients with any approach were statistically significantly associated with clinical 
response or responder status. 
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Table 1: Baseline characteristics of all patients selected to TKR and within that group those that did 
or did not take adequate pain medication in the past year and from the latter group, the patients 
that were randomized to adequate or no medication for 6 weeks.  
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Table 2: Mean (SD) of groups (n=172), mean [95% CI] difference within groups, and mean [95% CI] 
difference between groups for pain, function and  joint stiffness and function scores for patients who 
at baseline did not take adequate pain medication (n=81). WOMAC values are on a scale from 0-100, 
0 meaning no pain, no joint stiffness and no limitations, and a 100 meaning maximum pain, joint 
stiffness and limitations. 

 



Chapter 2    

32 

Discussion 
 

In this explorative study most patients awaiting TKR experienced significant levels of pain 
and limitations in activities, but surprisingly the majority did not take NSAIDs daily. 
Patients with inadequate medication, who started using NSAIDs daily, improved clinically. 
About 1/3 could be classified as a responder within a period of six weeks in contrast to the 
patients receiving no treatment. 
 
Although the present Dutch data, 53% daily or occasionally NSAID use, do not differ from 
the recent study using the US health insurance claims database including 15.000 patients, 
56% NSAID use, on average occasionally

1
, our conclusion is rather different.  Although 

levels of use of pain-related pharmacotherapy prior to surgery are high
1
, we conclude that 

that pain medication before TKR can still be optimized. 
 
Interestingly, patients with and without adequate pain medication did not differ in patient 
and disease characteristics. Patients with less pain did not have more radiographic joint 
damage or vice versa. Indications for TKR are pain and restrictions in performance despite 
the use of a combination of pharmacological and non-pharmacological interventions, with 
radiographic joint damage as secondary decision argument. However, several patients had 
only limited joint damage at the time of TKR although these patients did not have more 
pain. 
 
According to a special OMERACT interest group, OA patients are considered in an 
acceptable symptom state if their pain and function WOMAC scores are below 40

11
. Mean 

pain and function of responders in the study decreased to 26.7 and 33.9, respectively. This 
implies that in most of the patients the symptom state decreased to an acceptable level 
due to daily NSAID use. This benefit was not observed in the non-treated patients. It 
seems reasonable that TKR in part of these patients could have been postponed if they 
had taken adequate pain medication prior to referral for TKR. 
 
The present study is an exploratory study providing a basis for design of a well-designed 
RCT. In such an RCT, detailed information on previous treatment needs to be gathered in 
addition to the use of NSAIDs or acetaminophen in the described categories as presently 
performed. Dosage of medication or other healthcare utilization regarding pain 
management needs to be collected. Also non-pharmacological treatment is important in 
managing OA knee symptoms according to many guidelines. A systematic review 
identified greater muscle strength, better self-efficacy and more aerobic exercise as 
protective factors for deterioration of pain and function in knee OA

12
. It is possible that 

the use of non-pharmacological therapy could have interfered with our outcome, and 
therefore needs to be evaluated in future RCTs as well. 
 
Subgroup analysis of the previous inadequate pain medication users with a short 
treatment period was exploratory in nature as well. Treatment was not blinded and as 
such a placebo effect has to be taken into account. It is generally known that OA is very 
sensitive to placebo response due to treatment

13
. Irrespectively, despite the potential 

placebo response a significant number of patients did reach a level of disease that would 
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exclude them from TKR surgery. In future, well-designed randomized (and blinded) RCTs 
these flaws need to be addressed to demonstrate how long the effects of medication last 
and can delay surgery. 
 
Another limitation of the current study is that all participants were recruited at a single 
hospital. Although patients were referred from many different general practitioners this 
might have affected the external validity of the study. On the other hand inappropriate 
prescription of NSAIDs, and low referral rates for non-pharmacological treatment are 
clearly identified earlier as causes of concern in the OA management

9, 14, 15
. This is 

specifically important in case only limited joint damage is present. 
 
Although the present data on NSAID use in a small Dutch cohort do not differ from a 
recent large study using the US health insurance claims database, the final conclusion is 
not focused on the high levels of use of pain-related pharmacotherapy prior to surgery. On 
the contrary it concluded that pain medication before TKR can still be optimized. Further, 
properly designed RCTs are warranted to study the potential effect of adequate pain 
medication to delay the need for total knee replacement surgery in case of severe OA. In 
this way orthopedics can add to restrain the exponential growth in TKRs leaving this final 
surgical option for those who actually need it. 
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Abstract 
 
Introduction 
Selection of patients for total knee replacement surgery is crucial in the light of the 
exponentially growing numbers with its socioeconomic impact. The objective of this study 
is to determine clinical outcome in daily practice and to identify predictors for short-term 
success. 
 
Methods 
Patients (172) with severe OA who were eligible for total knee replacement surgery in a 
general hospital were included. Demographics, clinical, and radiographic data were 
collected. Response criteria based on WOMAC questionnaires were used to evaluate 
clinical success. Severity of radiographic joint damage was evaluated according to Kellgren 
& Lawrence and Altman atlas. Pre-treatment characteristics associated with responder 
status were investigated using multivariate logistic regression analyses. 
 
Results 
Patients showed on average a clear improvement in WOMAC scores at a mean of 18 
months post-treatment (33.0 ±20.0 improvement in WOMAC pain). Based on WOMAC 
response criteria 55% of the patients were classified as responders. In multivariate logistic 
regression, younger age (OR=0.930; 95%CI: 0.864-1.002), more severe pain (OR=0.966; 
95%CI: 0.937-0.997) and more radiographic damage (OR=3.456; 95%CI: 1.568-7.618) was 
associated with good response. Results were the same when patients with missing 
outcomes were classified as non-responders or responders in a sensitivity analysis. 
 
Conclusion 
This study shows that still a significant number of patients do not have a good response to 
joint replacement surgery. Good response was clearly associated with more severe 
radiographic joint damage and possibly with age and WOMAC pain. Results need to be 
validated, and might become of use to better select patients for knee replacement 
surgery. 
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Introduction 
 
Osteoarthritis (OA) is a slowly progressive degenerative joint disorder most frequently 
seen in the middle aged and older people. OA has a high prevalence, and is frequently 
causing pain and loss of function. Common features of OA are gradual degeneration of 
articular cartilage, peri-articular bone changes, and soft tissue changes including 
secondary synovitis and ligament and muscle weakening

1
. 

 
There is still no cure for the disease. The current treatment of OA is initially conservative, 
predominantly focussed on the relief of pain, minimizing functional disability, and limiting 
progression of joint damage. For certain indications joint preserving surgical interventions 
are performed. When conservative treatment fails and joint preserving surgery is not or 
no longer indicated, knee replacement of the affected joint becomes necessary

2-6
. 

However, it has been questioned whether in all cases all options have been considered 
before replacement surgery is performed

7, 8
. 

 
Replacing the destroyed joint with an artificial joint is currently the accepted treatment 
option for end-stage knee OA and is considered very effective in relieving pain and 
regaining function

9, 10
.  The number of knee prosthesis placed is dramatically increasing 

because of the ageing population in which older people demand an active lifestyle, and 
because of a growing incidence of obesity

9, 10
; age and obesity being dominating 

predispositions for development and progression of OA
1
. 

 
The lifespan of a knee prosthesis is on average limited to 10 to 25 years because of wear 
and tear. In younger patients, who are physically active, the life span is relatively short, 
because the knee prosthesis wears out more easily than in less active patients, may loosen 
an become dysfunctional

11, 12
. In case of replacement surgery below the age of 65 years, 

the chance for a revision surgery is significant. Dysfunctional knee prostheses need 
revision surgery with in general less favourable results than the primary joint replacement 
and is more costly

13
. Over 40% of all knee replacements and up to 44% of all total knee 

revisions are performed in patients aged 65 and under. A large number of the first group 
will probably need revision surgery and a large number in the latter group will probably 
need (even more complicated) re-revision surgery. This constitutes a tremendous and 
costly healthcare problem

14
. 

 
Currently, in daily clinical practice, the decision to proceed to TKP surgery is not so clearly 
defined. It is generally accepted that pain and restrictions in performance, despite the use 
of adequate medication determines the decision. Radiographic changes are less decisive

5, 

15, 16
. The timing is crucial: in the younger and more active patients the prosthesis has a 

shorter life span than in the older less physical demanding patients. On the other hand, 
the older patients have higher risks for complications

17
. In the end, not all patients are 

fully satisfied with the results of replacement surgery and remain to have a high burden of 
their disease and a high socio-economic burden

18-21
. In different studies about 10-20% of 

patients is not satisfied with the result of their knee replacement surgery. They experience 
poorer mental health, decreased physical function, and increased pain scores than 
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patients that are satisfied after TKR. The most important factor for patient dissatisfaction 
is expectations that are not being met after knee replacement surgery

18-21
. 

 
Identifying patients with end-stage knee OA, which will have a high chance of suboptimal 
outcome of treatment, would be an important benefit. The most important characteristics 
that have been reported to be predictors for the post-operative outcome are pre-
operative pain and physical function. Patients that scored in the lowest quartile of the pre-
operative WOMAC pain and physical function did also score low in the post-operative 
WOMAC scores

22, 23
. Age has also been shown to be an important predictor for the post-

operative result
17

. It is shown that patients aged about 58 have a 50:50 chance of needing 
a revision, with younger patients having a higher chance and older less chance. Patients 
younger than 50 years of age have a greater chance of requiring revision than of dying 
within a period of 10 years

12
. On the other hand older age predicts to a certain extend 

more post-operative pain and other symptoms. A weak correlation for poorer satisfaction 
with advancing age has been reported

20
. Others found that being 10 years older pre-

operatively predicted a 9-point worse KOOS QOL (Knee injury and Osteoarthritis Outcome 
Score quality of life) at 1 year post-operation

24
. Up to now, actual structural tissue changes 

have not been reported as predictors for clinical outcome. 
 
The present study evaluated potential radiographic and clinical predictors for clinical 
outcome of knee replacement surgery in a cohort of patients with end-stage knee OA 
treated in regular practice in an orthopaedics department of a general hospital in the 
Netherlands. 
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Material and methods 
 
Patient characteristics 
One-hundred-seventy two successive patients participating in a short-term (4-6 weeks) 
medication trial were included (EudraCT number 2007-004862-41)

25
. The patients had 

severe knee OA and were elected for total knee replacement (TKR) surgery based on 
regular practice. The included patients were referred to the orthopaedics department at 
the Sint Franciscus Gasthuis (SFG) Rotterdam, a large general hospital in The Netherlands. 
 
Demographics (age, gender, and BMI), clinical and radiographic data, and medication use 
(NSAIDs and/or acetaminophen in the year before surgery) were collected 4-6 weeks 
before surgery. The study was conducted according to the declaration of Helsinki and 
received ethics approval of the medical ethical committee of the hospital. Written 
informed consent was obtained from all patients before inclusion. 
 
Clinical outcome parameters 
The Western Ontario and McMaster University (WOMAC) questionnaire was used to 
collect data on pain, stiffness, and functional ability

26
. WOMAC values are measured on a 

0-100 scale, 0 meaning maximum pain, stiffness, and functional limitation. Data on 
WOMAC scores were collected prospective pre-treatment, and after surgery (post-
treatment). 
 
Additionally after surgery, patients were asked to fill out the WOMAC questionnaire in 
retrospect to evaluate their condition pre-surgery, with knowledge of the outcome of 
their surgery. The idea behind this is that patients may overestimate their pre-treatment 
clinical condition (i.e. rate their health as less severe than it is) due to the adaptation 
to/coping with their disease over time. This phenomenon is known as response-shift, and 
might lead to underestimation of the clinical benefit of treatment

27
. Patients were also 

asked whether they would have undergone the treatment with the present knowledge of 
the outcome of their treatment (satisfaction of treatment; yes/no). 
 
Response to treatment 
Responders to TKR surgery were defined as patients that either had an improvement of 
≥50 points in pain or function, or an improvement of ≥20 points in both pain and function 
using the pre- and post-treatment WOMAC data. Additionally the number of patients that 
were satisfied about their treatment (yes/no) was established. 
 
Radiographic data 
Radiographs before surgery were graded according to Kellgren & Lawrence (K&L) (0-4)

28
 

and scored using the Altman atlas
29

 for joint space narrowing (0-3) and sum of marginal 
osteophytes (0-6) by 2 blinded observers who were unaware of any patient related 
information. The average of the two observers was used in the analyses; consensus was 
sought in a limited number of cases where observers scored >1 point difference. 
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Statistical analysis 
Baseline characteristics were described using means with standard deviation. Patients that 
returned completed post-treatment questionnaires were compared to those of the entire 
cohort. The difference between responders and non-responders in pre-treatment 
characteristics (demographic, clinical, and radiographic) was assessed by use of 
independent samples t-test for continuous data and Chi-square tests for ordinal variables. 
Subsequently, pre-treatment characteristics that were associated with responder status 
(p<0.05) in the above univariate analysis were assessed in a multivariate logistic regression 
analysis. Using a backward selection strategy the final model included all variables that 
were associated with response with a p-value<0.10. 
 
Based on the logistic regression model the predicted probabilities (i.e. the ‘chance’ of 
responding to TKR for each patient as calculated using the final regression model) were 
calculated. To illustrate the results, for specific cut-off values and/or definitions (i.e. 
patients with a K&L≥2) the distribution of the predicted probabilities were described to 
assess whether patients that meet that certain definition indeed all have a low/high 
chance of responding to therapy. The observed probability of responding to therapy (i.e. 
the number and frequency of patients that did in fact respond to therapy) was also 
calculated in patients satisfying the specific definition. 
 
Because of the significant number of patients that did not return (complete) 
questionnaires after treatment, in separate multivariate logistic regression analyses 
(identical to the analysis above), these patients were classified as responders or non-
responders as a best- and worst-case scenario in a sensitivity analysis. The analysis was 
also performed with classification of responder status based on the post-surgery WOMAC 
questionnaire in retrospect (response-shift) and results were compared to the main 
analysis. Analyses were performed using SPSS (Chicago, Illinois) version 15.0; p-values 
≤0.05 were considered statistically significant unless mentioned otherwise. 
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Results 
 
Patient pre-treatment characteristics 
The characteristics of the patients are shown in table 1, both for all patients in the cohort 
and for the patients from which complete data were available for analyses (n=86). From 
the 86 patients that did not participate in this follow-up study, 3 patients died in the 
period after total knee replacement surgery, unrelated to this procedure, 54 patients did 
not want to participate in the follow-up study, 18 patients did not respond and 11 patients 
had incomplete WOMAC questionnaires. Baseline characteristics from patients with 
complete data were comparable to all patients in the cohort. 
 
Table 1: Pre-treatment patient characteristics of the complete cohort and patients with 
complete data 

Patient characteristics 
 

 
Total cohort 

(n=172) 
Complete data 

(n=86) 
p 
 

Age ((years), mean (SD))  67.4 (8.4) 65.5 (7.2) 0.072 

Gender     

Number of men, n (%)  53 (30.8%) 33 (38.4%) 0.225 

Number of women, n (%)  119 (69.2%) 53 (61.6%)  

BMI in kg/m
2
; mean (SD)  29.5 (5.3) 29.0 (4.7) 0.477 

Medication use before trial     

None/occasionally PCM, n (%)  81 (47.1%) 40 (46.5%) 0.799 

Daily PCM/ occasionally NSAIDs, n (%)  47 (27.3%) 21 (24.4%)  

Daily NSAIDs, n (%)  44 (25.6%) 25 (29.1%)  

K&L grade, mean (SD)  3.1 (0.7) 3.0 (0.7) 0.569 

Altman JSN, mean (SD)  2.2 (0.7) 2.1 (0.7) 0.193 

Altman Osteophytes, mean (SD)   3.0 (1.2) 2.9 (1.2) 0.611 

WOMAC pain, mean (SD)  44.3 (18.9) 46.0 (16.8) 0.488 

WOMAC stiffness, mean (SD)  37.4 (23.2) 38.9 (22.6) 0.628 

WOMAC function, mean (SD)  46.2 (20.3) 47.4 (18.8) 0.641 

VAS pain night, mean (SD)  39.7 (28.0) 40.3 (25.8) 0.893 

VAS pain morning, mean (SD)  41.1 (26.7) 39.3 (23.1) 0.664 

VAS pain general, mean (SD)  46.1 (26.5) 42.9(25.7) 0.434 

BMI, body mass index; K&L grade, radiographic Kellgren & Lawrence score; Altman JSN, radiographic Altman 
joint space narrowing; WOMAC, Western Ontario and McMasters Index; VAS, Visual Analogue Scale. Mean 
values and (SD) are given. p: p values for difference between both columns are given 
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Improvement in WOMAC scores after TKR 
There was a significant improvement in the patients’ WOMAC scores after surgery 
compared to the pre-operative WOMAC scores (table 2). The changes in scores for 
WOMAC pain were 33.0 ±20.0 (mean difference between post- and pre-treatment value 
±SD, p<0.0001), WOMAC stiffness 24.1 ±27.0 (p<0.0001) and WOMAC function 26.5 ±21.9 
(p<0.0001). The 86 patients with completed post-treatment questionnaires filled these out 
on average 18 ±5 months (mean ±SD; varying from 7 to 28 months) after surgery. 
 
Clinical benefit of treatment was slightly better when the retrospective pre-treatment 
WOMAC was used (response shift: retrospective pre-treatment WOMAC pain 41.2 ±25.8, 
WOMAC stiffness 28.9 ±27.5 and WOMAC function 39.1 ±25.6; all statistically significant 
different from the prospective pre-treatment WOMAC). 
 
Table 2: WOMAC scores pre-treatment and one year after total knee replacement 
surgery 

 Mean SD Range 

    

WOMAC pain    

Pre- treatment 46.0 16.8 0-95 

Retrospect pre-treatment 37.8 21.3 0-100 

After TKR     79.0
*, #

 19.1 20-100 

    

WOMAC stiffness    

Pre-treatment 38.9 22.6 0-100 

Retrospect pre-treatment 34.0 24.0 0-100 

After TKR   62.9
*,#

 23.8 0-100 

    

WOMAC function    

Pre-treatment 47.4 18.8 11-97 

Retrospect pre-treatment 34.8 20.7 0-93 

After TKR   73.9
*,#

 20.4   17-100 

WOMAC, Western Ontario and McMasters Index, 100=best, 0=worst clinical condition; n=86 
* Statistically significantly different compared to prospective pre-treatment, p<0.05 
# Statistically significantly different compared to retrospective pre-treatment, p<0.05 
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Differences between responders and non-responders based on the WOMAC responder 
criteria 
Based on the WOMAC response criteria, 47 patients (55%) could be classified as 
responders and 39 as non-responders (45%). Comparing baseline characteristics of 
WOMAC responders and non-responders demonstrated some clear differences (see table 
3). The responders were slightly, but statistically significantly younger than the non-
responders (64.0 vs. 67.4, p=0.032). Responders had also a statistically significant higher 
K&L grade compared to the non-responders (3.2 vs. 2.8, p=0.002). WOMAC pain (41.6 vs. 
51.3, p=0.007) and WOMAC function (42.9 vs. 52.8, p=0.015) were lower (worse 
condition) pre-treatment for the responders. 
 
Table 3: Differences in patient characteristics based on the WOMAC responder criteria 

Patient characteristics 
 

 
WOMAC 

responder (n=47) 
WOMAC non-

responder (n=39) 
p 
 

Age ((years), mean (SD))  64.0 (6.8) 67.4 (7.4) 0.032* 

Gender     

Number of men, n (%)  18 (38.3%) 15 (38.5%) 0.988 

Number of women, n (%)  29 (61.7%) 24 (61.5%)  

BMI in kg/m
2
, mean (SD)  28.5 (4.2) 29.5 (5.2) 0.338 

Medication use before trial     

None/occasionally PCM (%)  22 (46.8%) 18 (46.2%) 0.357 

Daily PCM/ occasionally NSAIDs (%)  9 (19.1%) 12 (30.8%)  

Daily NSAIDs (%)  16 (34.0%) 9 (23.1%)  

K&L grade, mean (SD)  3.2 (0.6) 2.8 (0.7) 0.002* 

Altman JSN, mean (SD)  2.2 (0.7) 1.9 (0.8) 0.143 

Altman Osteophytes, mean (SD)  3.1 (1.2) 2.7 (1.0) 0.136 

WOMAC pain, mean (SD)  41.6 (12.8) 51.3 (19.6) 0.007* 

WOMAC stiffness, mean (SD)  36.0 (18.3) 42.3 (26.7) 0.202 

WOMAC function, mean (SD)  42.9 (15.6) 52.8 (21.0) 0.015* 

VAS pain night, mean (SD)  44.3 (25.6) 33.4 (25.1) 0.099 

VAS pain morning, mean (SD)  42.3 (23.1) 34.3 (22.8) 0.180 

VAS pain general, mean (SD)  44.7 (25.0) 39.9 (27.0) 0.475 

BMI, body mass index; K&L grade, radiographic Kellgren & Lawrence score; Altman JSN, radiographic Altman 
joint space narrowing; WOMAC, Western Ontario and McMasters Index, 100=best, 0=worst clinical condition; 
VAS, Visual Analogue Scale. Mean values and (SD) are given 
* Statistical significant difference between the columns at p<0.05 
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Patient satisfaction after TKR 
When the patients were asked whether they would have undergone the treatment again 
with the present knowledge of the outcome of their treatment, 11 patients (13%) would 
not undergo the treatment again based on their post-treatment knowledge (not satisfied 
regarding the outcome of the surgical procedure). These patients had no statistically 
significantly different follow-up period compared to the remaining satisfied 87% of 
patients. 
 
Medication use in the different responder groups 
In the complete cohort 47.1% (46.5% in patients with follow-up data available) of the 
patients did not use adequate pain medication (no medication or occasionally 
acetaminophen) in the preceding year. Of the non-responders based on the WOMAC 
responder criteria 45.0% did not use adequate pain medication. The responders and the 
non-responders did not differ statistically in their medication use (table 3). In patients that 
would not have undergone treatment with the present knowledge (unsatisfied) this was 
47.0%. Medication use did not differ statistically significant between satisfied and 
unsatisfied patients (data not shown). 
 
Predictors of short-term success of TKR surgery 
In the multivariate regression analyses age, gender, BMI, K&L grade, Altman joint space 
narrowing score and WOMAC pain and function scores were evaluated. In the final model 
a higher K&L grade, lower age and lower pre-treatment WOMAC pain were statistically 
significant associated with treatment success (table 4). 
 
When the missing 86 patients from the complete cohort were classified as responders 
(best case scenario) the final model revealed that K&L grade and pre-treatment WOMAC 
pain were still statistically significant predictors. When these patients were classified as 
non-responders (worst case scenario) K&L grade and age were still statistically significant 
associated with treatment success. 
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Table 4: Predictors of short-term success of TKR surgery based on the WOMAC responder 
criteria 

 
WOMAC 

 
 

WOMAC 
best case  
scenario 

WOMAC 
worst case 

scenario 

Retrospective 
WOMAC 

 

 
OR 

(95% CI) 
OR 

(95% CI) 
OR 

(95% CI) 
OR 

(95% CI) 

K&L grade 
(0-4) 

3.156 
(1.568 to 7.618) 

2.871 
(1.372 to 6.010) 

3.754 
(1.715 to 8.217) 

2.172 
(1.056 to 4.465) 

WOMAC pain 
(0-100) 

0.966 
(0.937 to 0.997) 

0.957 
(0.929 to 0.986) 

0.970 
(0.941 to 1.000) 

- 
 

Age 
(year) 

0.930 
(0.864 to 1.002) 

- 
 

0.927 
(0.864 to 0.996) 

- 
 

BMI, body mass index; K&L grade, radiographic Kellgren & Lawrence score; Altman JSN, radiographic Altman 
joint space narrowing; WOMAC, Western Ontario and McMasters Index, 100=best, 0=worst clinical condition 

 
 
When the retrospectively assessed pre-treatment WOMAC scores were used to calculate 
WOMAC responders (data not shown), multiple regression analyses revealed again K&L 
grade as a statistically significantly associated with clinical response (OR=2.172; 95%CI 
1.056 to 4.465).  
 
To illustrate the possible implications and future usefulness of these kinds of results the 
predicted probability (i.e. the ‘chance’ of responding to TKR for each patient as calculated 
using the final regression model) was calculated. Based on K&L score different 
classifications for a patient group were defined and probabilities for clinical success 
evaluated. When a patient was classified according to K&L grade ≤2 in our cohort 5 
patients (29.4%) had a good clinical response on treatment and 12 (70.6%) patients did 
not have a good response. The average predicted probability according to the model was 
0.29 (0.14) with a range from 0.14 to 0.61. When a patient was classified according to K&L 
grade >2 in our cohort 42 patients (60.9%) had a good clinical response on treatment and 
27 (39.1%) patients did not have a good response. The average predicted probability was 
0.61 (0.21) with a range from 0.10 to 0.92. 
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Discussion 

 
In this study, the response rate, based on WOMAC response criteria, was evaluated in 
patients with end-stage knee OA who underwent joint replacement surgery in general 
practice. Fifty-five percent of patients were classified as responders at on average 18 
months post-treatment, leaving 45% non-responders. Importantly, high radiographic joint 
damage based on K&L grade was a clear predictor of good response also in addition to 
younger age and higher pre-treatment WOMAC pain. 
 
In this study the average change in WOMAC scores due to total knee replacement surgery 
is comparable to that reported before where the average WOMAC pain scores improve 
from 40-45 pre-operatively with 35-40 post-operative

21, 30
. According to a special 

OMERACT interest group patients are considered in an acceptable symptom state if their 
pain and function WOMAC scores are above 60 (100 being the best condition)

31
. In our 

study 71 patients (83%) had reached this level at the moment of evaluation on WOMAC 
pain, 53 patients (62%) on WOMAC stiffness and 65 patients (76%) on WOMAC function. 
 
Because of the relatively low percentage of responders in this study, based on WOMAC 
response criteria) it might be questioned whether this is the optimal outcome for 
evaluation of clinical benefit of TKR surgery. Success of TKR surgery is mostly measured 
using time until revision of the primary prosthesis

32, 33
. But with increasing improvements 

in prosthetic design and surgical technique, early failure of TKR is becoming rare 
21

. The 
assessment of success of TKR has shifted more towards impact of reduction of pain and 
improvement of physical function

21
. It has been stated that especially in the younger (<60 

years) patients survival based on revision alone is an inaccurate impression of the success 
of TKR, and therefore a measurement of success should include pain and function

33
. As 

such WOMAC response criteria are considered of relevance in judging clinical outcome of 
response of TKR surgery. About 10-15% of patients are not satisfied one year after TKR 
surgery as demonstrated in this and other studies

21
. And this percentage is increasing with 

the years of follow-up. This dissatisfaction seems to be mainly caused by unexplained 
chronic pain

21
. 

 
In our study we also evaluated the WOMAC score before surgery retrospectively. 
Interestingly, it was found that in retrospect patients rate their WOMAC score worse than 
that they actually did before surgery. This might be a result from the chronic nature of OA 
in which patients will get adjusted to their health status and rate their health state better 
than it actually is. After the (effective) surgical treatment patients will get used to their 
better health state and rate their former health status from this new health context. 
When this is taken into account the improvement in WOMAC score and response rate are 
indeed higher. This phenomenon might therefore (partly) be a reason for the large 
difference between the WOMAC response and response regarding patient’s satisfaction. 
 
An important observation from our study was the predictive ability of higher K&L grade 
for clinical success of surgery. Age and pre-treatment WOMAC pain have been found to be 
predictors in previous studies

12, 20, 22-24
. However, the association between joint damage 

based on radiographic evaluation and the outcome of knee joint replacement surgery is a 
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novel finding. In the examples given it appeared that a K&L grade of 2 and lower results in 
a significant chance of poor clinical response. Nevertheless, 17 out of 86 patients had a 
K&L grade of 2 or lower in this cohort based on regular clinical practice. Almost half of 
these patients (data not shown) had no adequate pain medication. 
 
The results of this study may be the first step in developing a predictive model for the 
success of TKR surgery. Further studies in other (larger) cohorts are necessary to develop 
and validate a prediction model that may be useful in clinical care in the future. 
 
Unfortunately, post-treatment data could only be collected from 86 out of 172 patients. 
This could have led to serious selection bias with for instance specifically patients with 
good clinical outcome or high satisfaction being responders or non-responders. For both 
options circumstantial arguments can be provided. We performed sensitivity analysis 
(best-case/worst-case analysis) in which we either assumed the patients with missing data 
as responders or non-responders  In both scenarios the predictors for response remained 
more or less the same, especially regarding joint damage. Also when accounting for the 
(possible) response-shift, the predictive association of the K&L grade remained. 
 
In conclusion, still a significant percentage of the patients undergoing knee joint 
replacement in general practice do not respond sufficiently. This might be predicted by a 
combination of the severity of radiographic joint damage and to a lesser extent by age and 
pre-treatment severity of pain. Future studies have to verify these predictors and the 
predictive ability of the combination of these factors. This may lead to simple clinical 
robust tools to select patients for surgery and will limit unnecessary and less effective 
knee replacements, leaving knee replacement surgery for those that actually need it as a 
last resort. 
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Abstract 
 
Objective 
Indication for total knee replacement (TKR) is primarily based on persistent pain and 
functional disability despite conservative therapy. Radiographic joint damage adds to 
decision-making, but is not leading. Unfortunately, specific indications for timing of TKR 
are not clearly defined. The aim is to evaluate whether radiographic characteristics and/or 
clinical characteristics prior to TKR predict actual cartilage damage and/or synovial 
inflammation. 
 
Methods 
Demographics, radiographic features of osteoarthritis (OA) (K&L and Altman) and clinical 
symptoms (WOMAC-pain, -stiffness, and -physical function) of 172 knee OA patients were 
assessed shortly before TKR. NSAIDs and acetaminophen use was registered. During 
surgery, cartilage and synovial tissue were obtained and evaluated by macroscopy, 
histology, and biochemistry. 
 
Results 
The average K&L grade was 3.1 (range 1-4). Average Altman scores were 2.5 (range 0-3) 
for joint space narrowing and 3.2 (range 0.8-6) for the presence of osteophytes. Both K&L 
and osteophyte score were associated with actual macroscopic cartilage damage [2.375, 
p=0.006 / 2.229, p=0.005, respectively]. Joint space narrowing also showed an association 
with macroscopic cartilage damage [1.619, p=0.067]. Additionally, osteophyte score was 
associated with macroscopical synovial inflammation [1.593, p=0.029] and histological 
synovial inflammation [1.454, p=0.039], suggesting synovial inflammation to be involved in 
osteophyte formation. No clinical parameter related to any of the actual structural 
cartilage damage or synovial inflammation parameters. 
 
Conclusion 
Radiographic OA characteristics correlate better with actual cartilage damage and synovial 
inflammation parameters in patients undergoing TKR than clinical parameters do. This 
may be considered when selecting patients for TKR. 



Radiographic features represent actual joint degeneration and inflammation 

53 

Introduction 
 
Osteoarthritis (OA) is the most common joint disorder in middle aged and elderly people. 
It is a slowly progressive degenerative disorder with mostly a subtle onset, and it 
frequently causes pain, loss of function, and disability. The disease is characterized by 
progressive cartilage breakdown, osteophyte formation, subchondral bone sclerosis, 
changes in the joint capsule and (commonly) secondary inflammation of the synovial 
membrane. OA can occur in every synovial joint, but is most common in knees, hips, hands 
and spine

1
. 

 
Clinically, knee OA is characterized by joint pain, tenderness, limitation of movement, 
crepitus, occasional effusion, and local inflammation. Pain, joint deformation, and stiffness 
of the joint capsule lead to functional disability. The diagnosis of OA is usually based on 
clinical features and physical examination. Radiographic features such as joint space 
narrowing, osteophyte formation, and subchondral bone changes are also included in the 
diagnosis

2
. Joint space narrowing is visible on radiographs under weight bearing 

conditions, and is the standard for identifying loss of cartilage thickness due to cartilage 
tissue degeneration

3
. Osteophytes are also clearly visible features on radiographs. They 

represent an early characteristic of OA and are the dominant factor in the K&L scoring 
method

4
. Subchondral bone changes are less objectively reflected on radiographs and 

need more defined evaluation
5
. 

 
There is still no cure for OA. Treatment is focused on reduction of pain and improvement 
of physical function. In case of end-stage OA, when analgesics, physical therapy and 
pharmacotherapy, and in selected cases surgical interventions such as subchondral bone 
stimulation and osteotomy, do no longer provide sufficient pain relief and maintenance of 
function, total joint replacement surgery (TKR) is indicated

1
. Radiographic changes play a 

role in the decision making to proceed to TKR surgery but are not leading. Unfortunately, 
specific indications for timing of knee replacement surgery are not clearly defined. This 
means that the arguments to indicate patients for TKR vary between orthopedic surgeons 
and between hospitals. 
 
The poor relationship between radiographic changes and the severity of pain symptoms 
hampers decision-making in treatment of OA

6
. Advanced radiographic OA without 

symptoms and severe symptoms with minimal radiographic signs of OA are not 
uncommon

7
. Therefore the aim of this study is to evaluate whether radiographic 

characteristics and/or clinical characteristics prior to TKR, predict the actual cartilage 
damage and/or synovial inflammation. 
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Patients and methods 
 
Study design 
Patients (n=172) at a general hospital in the Netherlands (Sint Franciscus Gasthuis; 
Rotterdam), with knee OA eligible for total knee replacement (TKR) surgery, were 
included. 
 
Demographics (age, gender and BMI), clinical data, radiographs, and medication 
consumption were gathered after selection within 4-2 months before surgery. During 
surgery, femoral cartilage with underlying bone and synovial tissue were obtained for 
macroscopic, histochemical, and biochemical analyses. The study was conducted 
according to the declaration of Helsinki and received ethics approval of the hospital. A 
written informed consent was given by each patient before participating. 
 
Medication consumption 
Data on consumption of NSAIDs and/or acetaminophen in the year before surgery (never; 
now and then; every week; every day) were gathered. 
 
Clinical features 
The Western Ontario and McMaster University (WOMAC) questionnaire was used to 
gather data on pain, stiffness, and functional ability

8
. WOMAC values are on a scale from 

0-100, 100 meaning no pain, no joint stiffness, and no limitation, and a 0 meaning 
maximum pain, joint stiffness, and limitations. 
 
Radiological data 
Radiographs were graded according to Kellgren & Lawrence (K&L) (0-3+)

9
 and using the 

Altman atlas
10

 where joint space narrowing (0-3+) and sum of marginal osteophytes in 
medial and lateral femoral compartment (0-6+) were assessed by 2 blinded observers. 
Eminence height and subchondral bone density were not scored because the Altman atlas 
provides only a yes or no score for these characteristics. The average of the two observers 
was used for statistical analyses; consensus was sought in a limited number of cases 
where observers scored >1 point difference. 
 
Tissue macroscopy 
Macroscopic cartilage damage and synovial tissue inflammation was evaluated on digital 
high-resolution photographs of femur surface parts (see figure 1) and synovial tissue, by 
two blinded observers. Severity of cartilage damage was graded as described before

11
: 0 = 

fibrillation or focal degeneration, 1 = degeneration at multiple locations, 2 = degeneration 
at multiple locations with focal lesions, and 3 = degeneration throughout the tissue with 
severe focal lesions and focally full cartilage abrasion (maximum score of 3). Synovial 
tissue inflammation was graded in three categories: color, angiogenesis, and fibrillation. 
Each category graded from 0-2: 0 = none, 1 = slightly and 2 = strong (maximum score of 6). 
The average of the two observers was used for statistical analyses; consensus was sought 
when observers scored >1 point difference. 
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Tissue histochemistry 
Cartilage and synovial tissue samples (at least three representative samples per donor) 
were fixed in 4% phosphate buffered formalin with 2% sucrose. After embedding in 
paraffin, from both tissues 5 µm thick slices (3 from each sample) were stained and 
scored. Cartilage was stained with Safranin-O fast green-iron haematoxylin. Synovium 
samples were stained with haematoxylin-eosin. Cartilage damage was scored using the 
modified Mankin score

12
. Synovial tissue inflammation was graded using the modified 

Goldenberg and Cohen score
13, 14

. Two observers scored all samples and the average of 
observers and slices was taken as representative score of each donor tissue. Consensus 
was sought when observers scored >1 point difference. 
 
Tissue biochemistry 
Cartilage was cut into full thickness squares of 5-15 mg wet weight. Twenty randomly 
taken samples of each donor were used for biochemical analysis of proteoglycan content, 
which was determined by staining and precipitation of glycosaminoglycans (GAGs) with 
Alcian Blue in papain digests of cartilage samples as described before

15, 16
. The average 

proteoglycan content per mg wet weight of cartilage was averaged for the 20 samples of 
each donor and used for statistical analyses. Two synovial tissue samples (weighing 
between 50 and 150 mg wet weight) were incubated for three days in culture medium 
according to standard procedures

15
. From each culture supernatant interleukin-1β (IL-1β) 

was determined with commercially available ELISA cytosets (Biosource; according to 
manufactures instructions). Cytokine release as a parameter of inflammatory activity was 
expressed as pg/ml per mg synovial tissue and averaged for the three tissue samples of 
each donor. 
 
Statistical analysis 
The study population was dichotomized at a K&L value of 2 as this is seen as the cut off 
value for OA; 0 and I having no OA and 2 ≥ having OA, at an Altman joint space narrowing 
and osteophytes value of 2 which is the mean value of the population. The clinical 
features WOMAC-pain, -stiffness and -functional ability were dichotomized at the mean 
value of the population. Differences in the dependent variables; cartilage macroscopy, 
histology, and GAG content as well as synovial tissue macroscopy, histology, and IL-1β 
production are given. Data are expressed as mean plus or minus standard deviation (SD) 
unless stated otherwise. Independent T-test was used for statistical comparison. 
 
To examine the relationship of radiographic features as well as clinical features as 
independent variables with the actual cartilage damage and synovial inflammation as 
dependent variables, binary logistic regression modeling was used. For this, the study 
population was dichotomized at a K&L value of 2, and at an Altman joint space narrowing 
and osteophyte value of 2. All analyses were performed with and without adjustment for 
demographics age, gender, and BMI. 
 
Statistical analysis was performed using the SPSS software (standard version 15.0, SPSS, 
Chicago, IL, USA). Statistical significance was set at p-value <0.05. 
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Results 

 
Patient characteristics 
Patient characteristics are depicted in table 1. The majority of the 172 patients included 
were female (female/male ratio 119/53), with a mean age of 67.4 years and a body mass 
index of 29.5. Radiographically the average K&L grade was 3.1 (range 1-4), the Altman 
joint space narrowing was 2.5 (range 0-3) and Altman osteophyte score was 3.2 (range 
0.8-6). Differences in the n value are caused by a lack of material to perform the different 
assays (from some patients no cartilage could be cut from the underlying bone) or by 
incomplete questionnaires. 
 
In the year prior to joint replacement surgery 53% of patients used NSAIDs daily or 
occasionally or used acetaminophen daily. Nearly half (47%) of the patients did not take 
any medication or only occasionally acetaminophen, in the year prior to surgery. 
 
Table 1: Characteristics of patients 

 Mean (SD) n* 

Age, years 67.4 (8.4) 172 
Body mass index, kg/m

3
 29.5 (5.3) 169 

Gender,  female/male 119 / 53 172 
   

No medication 47.1 % 81 
Daily acetaminophen/ 

occasionally NSAID 
27.3 % 

 
47 

 
Daily NSAID 25.6 % 44 

   
K&L 3.1 (0.7) 172 

Altman - Joint space narrowing 2.5 (0.6) 171 
Altman - Osteophytes 3.2 (1.2) 171 

   
Cartilage macroscopy 2.3 (0.7) 153 

Cartilage histology 4.7 (1.0) 154 
PG content, mg/g 24.4 (5.6) 148 

   
Synovium macroscopy 3.1 (1.0) 146 

Synovium histology 5.0 (1.2) 137 
IL-1β, pg/ml/mg tissue 11.7 (23.2) 144 

   
WOMAC pain 43.5 (18.7) 155 

WOMAC stiffness 37.4 (23.2) 153 
WOMAC function 43.0 (18.8) 154 

   

*Valid n-values of each mean and SD are shown. 
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To provide an impression of the X-ray and actual macroscopic and histological changes, a 
representative radiograph for each K&L grade with for each patients radiograph the 
corresponding macroscopic picture of the cartilage surface and micrograph of the synovial 
tissue are shown in figure 1.  
 

 

Figure 1: Representative radiographs, photographs of cartilage macroscopy, and 
micrographs of synovial histochemistry 
The radiographs depict a representative patient for each K&L grade together with the corresponding 
macroscopic cartilage photograph and synovial histology micrograph of that specific patient. K&L 
grade (0-4), Altman Joint space narrowing (Jsn; 0-3), Altman Osteophyte score (Osteo; 0-6), 

macroscopic cartilage score (0-3) and the synovial histology score (0-11) are indicated. (See 

Appendix for a color version of this figure) 
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Radiographic severity of OA versus actual cartilage damage and synovial inflammation 
Patients with a high K&L grade had on average more severe macroscopic cartilage damage 
(Table 2A; p=0.004). Also patients with the most clear JSW narrowing had more severe 
macroscopic cartilage damage, although borderline significant (p=0.065). For those with 
the highest score for osteophyte formation, macroscopic cartilage damage was 
statistically significantly higher (p=0.005). Neither cartilage histological damage nor GAG 
content were statistically significant different between the patients with high versus low 
radiographic severity of OA. 
 
A positive association between K&L grade and the macroscopic cartilage damage was 
confirmed by logistic regression analyses [Table 3A; 2.375 (1.283, 4.397), p=0.006]. When 
the model was corrected for age, gender, and BMI the association persisted [2.293 (1.213, 
4.336), p= 0.011]. In parallel, an association between the score for osteophyte formation 
and the macroscopic cartilage damage [Table 3C; 2.229 (1.272, 3.905), p=0.005] was 
found. When the model was corrected for demographics the association persisted [2.111 
(1.186, 3.760), p= 0.011]. For JSW narrowing the association existed although borderline 
significant [Table 3B; 1.619 (0.967, 2.712), p=0.067] and slightly less pronounced when 
corrected for demographics [1.516 (0.891, 2.580), p=0.125]. 
 
High osteophyte score predicts synovial inflammation: Patients with the higher scores for 
osteophyte formation had more severe macroscopic synovial inflammation (Table 2A; 
p=0.020) and histological synovial inflammation (p=0.016).  K&L grade and JSW narrowing 
did not relate to synovial tissue characteristics. 
 
A positive association between the osteophyte formation score and the macroscopic 
synovial as well as histological synovial inflammation was confirmed by logistic regression 
analyses [Table 3C; 1.593 (1.048, 2.424), p=0.029; 1.454 (1.019, 2.075), p=0.039]. When 
both models were corrected for demographics the association diminished for histology 
[1.446 (0.931, 2.247), p= 0.101], but remained significant for macroscopic synovial 
inflammation [1.524 (1.054, 2.205), p= 0.025]. 
 
Clinical features of OA versus cartilage damage and synovial inflammation 
Using the same approach, the clinical parameters (WOMAC pain, stiffness and function) as 
independent variables were related to the actual cartilage damage and synovial 
inflammation as dependent variables. No associations were found between these clinical 
parameters and the cartilage and synovial parameters (Table 2B). Regression modelling 
did not provide any relation either (data not shown). 
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Table 3: Binary logistic regression modelling sec and with correction for age, gender, and 
BMI 

A. 
 
 

 Kellgren & Lawrence*  Kellgren & Lawrence^ 

 OR (95% CI) p  OR (95% CI) p 

Cartilage       
Macroscopy  2.375 (1.283, 4.397) 0.006  2.293 (1.213, 4.336) 0.011 

Histology  1.077 (0.660, 1.758) 0.766  1.109 (0.669, 1.837) 0.689 
Proteoglycan content  1.047 (0.959, 1.143) 0.308  1.044 (0.952, 1.145) 0.359 

       
Synovial       

Macroscopy  1.492 (0.943, 2.361) 0.087  1.312 (0.804, 2.142) 0.278 
Histology  1.183 (0.808, 1.732) 0.388  1.246 (0.836, 1.856) 0.281 

IL-1β  1.008 (0.981, 1.036) 0.575  1.009 (0.979, 1.039) 0.572 

 

B. 
 
 

 Joint space narrowing*  Joint space narrowing^ 

 OR (95% CI) p  OR (95% CI) p 

Cartilage       
Macroscopy  1.619 (0.967, 2.712) 0.067  1.516 (0.891, 2.580) 0.125 

Histology  0.842 (0.583, 1.217) 0.360  0.875 (0.599, 1.276) 0.487 
Proteoglycan content  0.980 (0.915, 1.050) 0.569  0.975 (0.909, 1.045) 0.470 

       
Synovial       

Macroscopy  1.192 (0.836, 1.700) 0.333  1.071 (0.734, 1.564) 0.722 
Histology  0.821 (0.602, 1.120) 0.213  0.870 (0.633, 1.196) 0.391 

IL-1β  0.995 (0.978, 1.013) 0.580  1.000 (0.979, 1.022) 0.980 

 

C. 
 
 

 Osteophytes*  Osteophytes^ 

 OR (95% CI) p  OR (95% CI) p 

Cartilage       
Macroscopy  2.229 (1.272, 3.905) 0.005  2.111 (1.186, 3.760) 0.011 

Histology  1.139 (0.746, 1.738) 0.548  1.167 (0.754, 1.804) 0.489 
Proteoglycan content  1.062 (0.981, 1.149) 0.137  1.060 (0.976, 1.151) 0.166 

       
Synovial       

Macroscopy  1.593 (1.048, 2.424) 0.029  1.446 (0.931, 2.247) 0.101 
Histology  1.454 (1.019, 2.075) 0.039  1.524 (1.054, 2.205) 0.025 

IL-1β  0.995 (0.976, 1.014) 0.621  0.994 (0.972, 1.016) 0.577 

* left column: Dichotomized Kellgren & Lawrence, Joint space narrowing and Osteophytes regression modeling  
^ right column: The same modeling including age, gender, and BMI in the equation 
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Discussion 

 
This study demonstrates a direct relationship between radiographic parameters and 
actual cartilage damage as well as synovial inflammation in late stage disease. This relation 
was not found for clinical parameters. Additionally, the observed relation between the 
presence of osteophytes and synovial inflammation supports the idea that synovial 
inflammation is involved in osteophyte formation. In current practice, clinical parameters 
are important arguments to perform TKR surgery. However, this study shows that clinical 
parameters do not predict actual cartilage damage or synovial inflammation. The presence 
of osteophytes and JSW narrowing on radiographs appear to be better parameters in the 
decision making to perform a TKR surgery or not. 
 
Knee joint replacement is a very cost-effective procedure with now-a-days good long-term 
outcome

17-19
. However, there is an exponential increase in the number of knee prostheses 

placed in The Netherlands and in the western world in general
17

. Moreover, the numbers 
may even increase in the near future taking into account, the aging of the population and 
the increase in obesity, both being strong predisposing factors of incidence and 
prevalence of knee OA

17
. An increasing number of patients will need revision surgery, 

which is less effective and more costly
20

. Therefore, the exact timing to proceed to TKR is 
important to prevent unnecessary replacement of the original joint. 
 
Generally the patient population is defined as end-stage OA when the patient is at the end 
of the line of conservative treatment options. Guidelines for the treatment of OA by the 
ACR, Eular, and NICE advice (in addition to lifestyle changes) the use of paracetamol 
and/or NSAIDs before considering surgical options

21-23
. Irrespectively, many patients with 

restrictions of joint function or persisting pain seek for direct help at an orthopedic 
practice. And although the profession has guidelines for selecting patients for TKR, there 
are numerous other considerations that decide when to proceed with TKR surgery in 
general practice

24
. The poor relationship between radiographic changes and the severity 

of pain symptoms also hampers decision-making in treatment of OA
6
. Advanced 

radiographic OA without symptoms and severe symptoms with minimal radiographic signs 
of OA are not uncommon

7
. The present study demonstrated a relationship between 

radiographic characteristics and actual cartilage surface damage and even synovial tissue 
inflammation whereas clinical parameters did not. This indicates that radiographic 
changes should not be secondary to clinical parameters when deciding to proceed to TKR. 
 
Although a relationship between radiographic damage and actual cartilage surface 
damage was found, no relationship was found between radiographic damage and cartilage 
histology and proteoglycan content. An explanation may be that macroscopy is scored on 
the total view of the entire joint surface. This includes denuded bone areas, the severely 
damaged areas as well as areas with full thickness (fibrillated or not) cartilage. For 
histology and biochemistry only cartilage of sufficient thickness is used. In this way the 
histological score as well as glycosaminoglycan content is always underestimated. 
Apparently, the remaining cartilage quality (histological and biochemical) is not 
representative of the degeneration of the whole joint. 
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One of the most remarkable features of OA joints is the development of osteophytes
25

. In 
this study we observe an association between the size (area) of the osteophytes and the 
macroscopic and histological synovial inflammation. Although it has frequently been 
postulated that osteophytes are important in mechanical stabilization of the joint

26
, it is 

now-a-days thought that their specific location, there where synovial tissue contact the 
bone at the margins of the joint, suggests involvement of synovial activity

27
. The finding 

that osteophytes are associated with synovial inflammation in our cohort suggests 
causality between synovial inflammation and osteophyte formation. 
 
In this study we could not find an association between the X-ray scores and the clinical 
parameters. However, still some patients with a K&L grade of 1 or 2 that were eligible for 
a total knee replacement were included. Since half of the patients did not receive 
adequate pharmacological treatment, as was also observed in a large US registration 
database

28
, one can debate whether these patients received their TKR surgery too soon. 

 
Plain radiography does not visualize all characteristics of the joint related to pain. It has 
been demonstrated that bone marrow lesions (bone bruises) visualized on MRI are quite 
well related to clinical characteristics

29-31
. Therefore, MRI may be used to search for 

underlying structural tissue changes in cases of persisting knee pain despite adequate pain 
medication and the absence of radiographic characteristics of OA. Without underlying 
structural tissue changes, joint replacement surgery might be questioned. 
 
The present study demonstrates a relationship between radiographic characteristics and 
actual cartilage damage in end-stage knee OA patients considered for replacement 
surgery. Moreover is shown that osteophyte formation is correlated with synovial 
inflammation. We conclude that radiographs are good indicators for the actual severity of 
joint damage in contrast to clinical characteristics and should be taken into account when 
selecting patients for joint replacement surgery. 
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Abstract 
 
Purpose  
Adipose tissue is more and more recognized as an endocrine tissue releasing cytokines 
and adipokines suggested to be involved in the pathogenesis of osteoarthritis (OA). 
Nevertheless, their relative contribution and exact mechanisms are still ambiguous. The 
aim of this study is to compare serum adipokine levels of end-stage knee OA patients with 
those of controls and to relate these serum levels to local parameters of cartilage damage 
and synovial inflammation in the affected joint. 
 
Methods  
Serum was collected from 172 severe knee OA patients, shortly before total knee 
replacement (TKR) surgery and from 155 controls without radiographic knee OA (K&L=0). 
Serum adiponectin, leptin, and resistin levels were measured by ELISA. Cartilage and 
synovial tissue were collected at TKR surgery and assessed for cartilage degeneration and 
synovial inflammation by histochemistry and biochemical analyses. 
 
Results 
The adipokine levels were all clearly higher in OA patients as compared to controls. There 
was a clear relation with age and BMI for adiponectin, and for leptin and resistin, 
respectively. No associations were found between serum levels of adipokines and 
cartilage damage (histochemistry, proteoglycan content) whereas a positive association 
with synovial inflammation (ex vivo IL-1β and TNFα production, histochemistry) was 
found. 
 
Conclusion 
This study suggests an important involvement of adipokines in OA patients considering 
their high serum levels compared to controls. Associations of systemic adipokines with 
local synovial tissue inflammation were found, although not represented by similar 
relations with cartilage damage, suggesting that adipokines are of relevance in the 
inflammatory component of OA. 
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Introduction 
 
Obesity has not only been associated with an increased risk of osteoarthritis (OA) in 
weight-bearing joints such as hips and knees

1, 2
, but also in non-weight bearing joints such 

as those of the hand
2
. Therefore, besides biomechanical factors mediating this 

relationship between OA and obesity
3, 4

, also metabolic factors have been suggested to be 
involved

2, 5-9
. 

 
White adipose tissue is considered to be a metabolically active endocrine organ that 
secretes inflammatory cytokines (e.g. IL-1β and TNFα) and adipokines, such as 
adiponectin, leptin, and resistin

6
. Besides their established role in obesity, metabolic 

disorders, and atherosclerosis, the potential role of adipokines in OA pathogenesis is at 
present an important subject of study

10, 11
. Based on these studies, OA has been 

designated by some authors as a metabolic syndrome disorder
12

. However, the exact role 
and relevance of adipokines in OA is still unclear

11
. 

 
Adiponectin is a protein secreted by adipocytes and plays a role in glucose and lipid 
homeostasis

13
. Circulating levels of adiponectin are low in obese individuals and increase 

with weight loss
14

. The role of adiponectin in OA is controversial: there is conflicting 
evidence on whether adiponectin has a protective or rather aggravating role in OA. For 
example, decreased adiponectin levels in both plasma and synovial fluid have been 
associated with increased OA severity indicating that it may play a protective role in OA

15
. 

Likewise, adiponectin has been shown to up-regulate tissue inhibitor of metalloproteinase 
(TIMP)-2 and down-regulate IL-1β-induced matrix metalloproteinase (MMP)-13 mRNA and 
protein levels

16
. Accordingly, higher levels of adiponectin have been associated with lower 

K&L grades in knee OA
15

 and a lower risk for progression in hand OA
17

. In contrast, also 
proinflammatory tissue destructive effects of adiponectin have been demonstrated on 
chondrocytes and synovial fibroblasts, inducing key mediators of cartilage degeneration 
such as nitric oxide (NO), IL-6, IL-8, monocyte chemo-attractant protein (MCP)-1, MMP-3 
and MMP-9

18-20
. Moreover, it has been demonstrated that serum levels of adiponectin 

were increased in erosive OA as compared to non-erosive OA
21

. 
 
Leptin is a protein thought to play a key role in the regulation of body weight by 
suppressing food intake and stimulating energy expenditure by acting on the 
hypothalamus

22, 23
. Mice with a mutation in the gene for leptin (ob/ob mice) or the leptin 

receptor (db/db mice) have an obese phenotype
24

. Osteophytes, synovium, cartilage, 
inflammatory cells, and the infrapatellar fat pad can secrete leptin

25-27
. Leptin is also 

produced by immune cells upon stimulation with IL-1, IL-6 and LPS
27

. Evidence is 
increasing that leptin has a proinflammatory role in the pathophysiology of OA

11
. Higher 

leptin levels produced by human osteoarthritic cartilage as compared to normal cartilage 
have been observed

25
. Proteolytic enzymes like MMPs and cysteine proteases at both 

gene and protein level are increased by leptin
11

. Leptin appears to be involved in the 
pathological changes of all tissues involved in the process of OA

11
. Nevertheless, it is still 

unclear what the exact mechanism of leptin in the development of OA is as leptin may act 
dually, inducing both catabolic

25, 28
 and anabolic

8
 effects on articular cartilage. 
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Resistin is a dimeric protein produced by adipocytes and macrophages and induces insulin 
resistance in mice

27, 29
. Levels are (partly) dependent on leptin activity as in leptin activity 

deficient mouse models (ob/ob and db/db) serum resistin levels are raised
29

. In humans, 
resistin appears to have a more important role in inflammatory processes than it has in 
insulin resistance, as serum levels of resistin correlate better with subclinical inflammation 
than with insulin resistance

30
. Expression of resistin mRNA in human PBMCs is increased 

by the pro-inflammatory cytokines IL-1, IL-6 and TNF
31

. Resistin can be detected locally in 
the synovium of inflamed joints in both RA and OA

26, 30, 32
. Nevertheless, the exact role of 

resistin in OA is unknown. Two studies showed no association between serum resistin 
levels and progression of hand OA

17, 21
. 

 
The role of adipokines in OA has thus far been investigated in mice models, in in vitro 
studies using human joint tissues and fluids, or systemic levels have been described in 
relation to joint characteristics by use of indirect markers such as radiographic joint 
damage. A relation between systemic serum adipokines and actual local joint tissue 
changes in OA has never been investigated. In the present study, along with serum 
concentrations of adiponectin, leptin, and resistin, parameters of synovial tissue 
inflammation and cartilage degeneration were measured in patients with end-stage knee 
OA undergoing total knee replacement (TKR) surgery. It was anticipated that systemic 
adipokine levels would correlate with synovial inflammation and with that with cartilage 
damage. 



Serum adipokines in end-stage osteoarthritis 

69 

Material and methods 
 
Patient characteristics 
Patients at the Sint Franciscus Gasthuis in Rotterdam, The Netherlands, with severe knee 
OA who were eligible for TKR surgery, were included. At time of TKR surgery, blood, 
cartilage tissue, and synovial tissue were collected

33
. Cartilage and synovial tissue were 

kept in phosphate buffered saline for a maximum of 4 hours during transport to the 
University Medical Centre Utrecht where tissues were further processed under laminar 
flow conditions. Controls, from which blood was collected, had recent complaints of pain 
and/or stiffness of the knee and/or hip, but had no signs of radiological OA as defined by a 
Kellgren & Lawrence (K&L) score of 0 on radiographs of both knees and both hips. 
 
Demographic characteristics of the OA patients and controls are shown in table 1. The 
study was conducted according to the declaration of Helsinki and received approval from 
the ethics committee of the hospital. Written informed consent was obtained from all 
patients before inclusion. 
 
Serum adipokines in OA and controls 
From both cohorts, blood samples were centrifuged, serum was separated, and aliquots 
stored at -80°C. Serum concentrations of adiponectin, leptin, and resistin were measured 
by ELISA (BioVendor, Modrice, Czech Republic). Samples were prepared at appropriate 
dilutions and all samples were assayed simultaneously, all according to the manufacturer’s 
instructions. Internal control samples were used as supplied by the manufacturer. Quality 
controls demonstrated adequate measurements for all patients for all three adipokines. 
 
Parameters of cartilage damage in OA patients 
For histochemistry, four cartilage tissue samples (range 5-10mg, accuracy 0.1mg) were 
taken randomly. These samples were fixed in 4% phosphate buffered formalin with 2% 
sucrose. After embedding in paraffin wax, 5µm sections were sliced and stained with 
Safranin-O fast green-iron haematoxylin according to standard procedures

34
. Cartilage 

damage was scored using the modified Mankin score
35, 36

. 
 
For biochemistry, twenty randomly taken cartilage samples of each donor were used for 
biochemical analysis of glycosaminoglycan (GAG) content as a measure of proteoglycan 
content according to standard procedures

37
. In short, after digestion of the cartilage 

samples with papain, GAGs were precipitated and stained with Alcian Blue.  Blue staining 
was quantified photometrically by change in absorbance at 620nm. Chondroitin sulphate 
(C4383; Sigma) was used as reference. Values for proteoglycan content were normalized 
to the wet weight of the cartilage sample and expressed as milligrams of GAG per gram 
wet weight of cartilage tissue (mg/g). 
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Parameters of OA synovial tissue inflammation 
For histochemistry, three synovial tissue samples (range 50-150mg, accuracy 0.1mg) were 
fixed and embedded and sections stained with haematoxylin-eosin. Synovial tissue 
inflammation was graded using the modified Goldenberg and Cohen score

38, 39
. 

For the interleukin-1β (IL-1β) and tumour necrosis factor-α (TNFα) production by the OA 
synovial tissue, synovial tissue samples each weighing 50-150mg were cultured 
individually for 3 days to measure ex vivo pro-inflammatory cytokine production

40
. In the 

culture supernatants IL-1β and TNFα were determined by ELISA (Biosource) according to 
manufacturer’s instructions and expressed as pg/ml per mg synovial tissue.  
 
Statistical analysis 
For histochemistry, two observers blinded to the source of the samples scored all samples 
and the average scores of observers was taken as representative score of each sample. In 
a few cases consensus was sought when observers scored >1 point difference. The 
average of all multiple tissue samples (n=4 for cartilage histology, n=20 for cartilage GAG 
content, n=3 for synovial tissue histology, and n=3 for cytokine production) of each donor 
was taken as representative value for each donor. Data are subsequently expressed as 
mean (±SD) of donors with n representing the number of donors, unless stated otherwise. 
Continuous variables were compared by T-test, ordinal variables by Chi-square test. 
Multiple linear regression analysis was used to assess the correlations between serum 
adipokine levels and local joint characteristics. Adjustment for age, gender, and BMI was 
performed where relevant. Skewed variables (IL-1β and TNFα levels) were logarithmically 
transformed to obtain normal distribution. In all analyses p<0.05 was considered 
statistically significant, p values <0.1 were considered borderline significant. All statistical 
analyses were performed using SPSS (standard version 15.0, SPSS, Chicago, IL, USA). 
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Results 
 
Patient characteristics 
The characteristics of the 172 OA patients and the 155 controls are shown in table 1. 
Controls were younger than OA patients (p<0.001). In addition, the BMI was statistically 
significantly higher in OA patients than in controls (p<0.001). By selection, the radiological 
joint damage (p<0.001) was higher in the OA patients. The gender distribution was similar 
for both groups. 
 
Table 1: Characteristics of subjects 

  
OA 

(n=172) 
  

Controls 
(n=155) 

 

Age (years)  67.4 (8.4) * [49.7-89.1]  56.5 (4.5) [50.0-66.0] 

Women / Men     119  /  53    98 / 34  

BMI (kg/m
2
)  29.5 (5.3) * [19.4-46.8]  28.1 (3.8) [19.9-48.8] 

K&L  3.1 (0.7) * [1-4]  0.0 (0.0) [0-0] 

         
Adiponectin (µg/ml)  21.21 (12.94) * [5.08-66.06]  11.29 (5.51) [2.81-31.74] 

Leptin (µg/ml)  0.073 (0.061) * [0.003-0.293]  0.018 (0.013) [0.001-0.056] 

Resistin (µg/ml)  0.025 (0.089) * [0.002-0.053]  0.004 (0.001) [0.001-0.010] 

Data shown are means (±SD) [range]. BMI is body mass index, K&L is radiographic Kellgren & Lawrence score, 
IL-1β is interleukin-1β, and TNFα is tumour necrosis factor-α. Significant differences of OA compared to 
controls are indicated by an asterisk 

 
 
All serum adipokine levels were evidently higher in the OA population compared to the 
control population (all p<0.001). When OA patients and controls were matched for BMI 
and age the differences between adipokine levels of OA patients and controls remained 
statistically significantly different (n=87 for both OA and controls; 18.04 ±9.21 vs. 11.72 
±6.14, p<0.0001; 0.074 ±0.062 vs. 0.017 ±0.015, p<0.0001; 0.027 ±0.009 vs. 0.004 ±0.001, 
p<0.0001, µg/ml for OA vs. controls for adiponectin, leptin, and resistin, respectively; 
mean ±SD). 
 
The joints of the OA patients showed on average the typical characteristics of severe OA. 
Besides the radiological joint damage, also cartilage histology demonstrated moderate 
damage with a modified Mankin score of 4.7 ±1.0 (range 0-11), typical of such an end-
stage OA population

37
. This was also reflected in the GAG content of the cartilage (24.4 ± 

5.6 mg/g wet weight), clearly lower than that of healthy cartilage
36

. Additionally, a mild 
inflammatory synovial activity was observed. The synovial tissue was graded as 
moderately inflamed with a modified Goldenberg and Cohen score of 5.0 ±1.2 (range 0-
10), and IL-1β and TNFα production of 11.7 ±23.2 pg/ml and 2.3 ±3.0 pg/ml per mg 
synovial tissue, respectively. 
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Relationship between the different adipokine levels and BMI, gender, and age in end-stage 
knee OA patients 
Adiponectin showed a negative correlation with BMI (R=-0.218, p=0.004), leptin a positive 
correlation (R=0.604, p=0.000), and resistin demonstrated no clear BMI dependency. On 
average, all serum adipokine levels were higher in women than in men (p=0.000 for 
adiponectin and leptin and borderline statistical significance, p= 0.071, for resistin). (See 
figure 1) Adiponectin showed an evidently positive correlation with age (R=0.283, 
p=0.000), leptin levels showed no relation with age, and resistin showed a minor negative 
relation with age (R=-0.206, p=0.012). 
 
Figure 1: Relationship between serum adipokine levels and BMI, gender and age in end-stage OA 
patients 

 
The control population showed comparable relations with BMI, gender, and age (data not 
shown) but clearly less profound, probably due to the limited variation in adipokine levels 
(limited window; see table 1). For leptin, the positive correlation with BMI was statistically 
significant (R=0.495, p=0.000) and the higher levels in women compared to men was 
statistically significant (p=0.000). Resistin showed borderline significantly higher levels in 
women than in men (p=0.081). All other relations were not statistically significant (data 
not shown). 
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Relationship between serum adipokines and local parameters of cartilage tissue 
degeneration 
Unexpectedly, linear regression analysis showed no relation between any parameter of 
cartilage degeneration and serum adipokine levels. Separate analysis of men and women 
as well as adjustment for age, gender and BMI did also not demonstrate any statistical 
significant correlation (all p>0.1). 
 
Table 2: Relationship between serum adipokines and local inflammation parameters in 
end-stage knee OA patients 

 

Linear 
regression 
 coefficient 

Standardized β 

 
 

P 

 
 

R
2
 

Multiple linear 
regression 
coefficient 

Standardized β^ 

 
 

p 

 
 

R
2
 

Adiponectin       

Histology -0.010 0.908 0.000 -0.095 0.337 0.028 

IL-1β
#
 0.169 0.042 0.029 0.226 0.016 0.078 

TNFα
#
 0.081 0.337 0.007 0.081 0.405 0.016 

Leptin       

Histology -0.041 0.637 0.002 -0.245 0.066 0.048 

IL-1β
#
 0.146 0.087 0.021 0.214 0.097 0.049 

TNFα
#
 -0.033 0.703 0.001 -0.101 0.445 0.014 

Resistin       

Histology 0.171 0.051 0.029 0.155 0.091 0.038 

IL-1β
#
 0.083 0.355 0.007 0.090 0.336 0.026 

TNFα
#
 0.110 0.225 0.012 0.159 0.092 0.032 

# IL-1β is interleukin 1β; TNFα is tumour necrosis factor α.  Logarithmic transformation was performed to obtain 
normal distribution. 
^ Adjusted for age, gender, and BMI  

 
 
Relationship between serum adipokines and local parameters of synovial tissue 
inflammation 
In contrast with the aforementioned absence of relations between adipokines and 
cartilage damage, local synovial tissue inflammation was (marginally) related to serum 
adipokine levels (table 2). Adiponectin and leptin levels appeared to be statistically 
significantly positively associated with ex vivo synovial tissue IL-1β production (p=0.042, 
R

2
=0.029 and p=0.087, R

2
=0.021 for adiponectin and leptin, respectively). Resistin levels 

were borderline statistically significantly positively associated with histologically 
determined grade of synovial tissue inflammation (p=0.051, R

2
=0.029). 
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After adjustment for age, gender, and BMI similar results were obtained. Correlations 
between IL-1β production and adiponectin and leptin persisted (p=0.016, R

2
=0.078 and 

p=0.097 (borderline), R
2
=0.049 for adiponectin and leptin, respectively). Additionally, 

leptin became borderline statistically significantly associated with histological 
inflammation grade (p=0.066, R

2
=0.021). Also resistin levels remained borderline 

statistically significantly associated with histological grade of synovial tissue inflammation 
(p=0.091, R

2
=0.038) and, additionally, with synovial tissue TNFα production (p=0.092, 

R
2
=0.032). 
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Discussion 
 
Clearly higher serum levels of all three adipokines in end-stage knee OA patients were 
found compared to controls without any radiographic sign of cartilage damage, 
independent of BMI, age, and gender. In the OA population clear relations with age were 
found for adiponectin and resistin and with BMI for adiponectin and leptin. No 
associations were found between serum adipokine levels and cartilage damage whereas a 
marginally positive association with synovial inflammation was found. 
 
Data on serum and plasma adipokine levels in knee OA patients compared to controls are 
scarce, since most studies focus on hand OA or cardiovascular/metabolic disease. 
Therefore our study provides new data on many aspects of serum adipokine levels and 
demographics in knee OA patients. Potential differences between female and male knee 
OA patients for serum adipokine levels have not been described thus far, except for one 
study in 30 knee OA patients demonstrating statistically significantly different plasma 
leptin levels between female and male patients in univariate correlation analysis, without 
specifying which gender showed the highest levels, while adiponectin levels were similar 
between both genders

41
. Our study demonstrates higher adiponectin and leptin levels in 

female compared to male knee OA patients, not attributable to differences in BMI and age 
(comparison between genders: age p=0.449 and BMI p=0.301). Indeed, also in healthy 
subjects, adiponectin and leptin levels have been reported to be higher in women than in 
men, which could not be completely explained by antropomorphometric differences of 
body fat distribution between genders

42-46
. In our study, the borderline significant gender 

difference for resistin disappeared (p=0.140) after correction for age and BMI and as such 
this minor difference is probably caused by the slightly higher BMI of the women. 
 
The influence of BMI on serum adipokine levels observed in our end-stage OA cohort is 
conform literature, adiponectin negatively correlating with BMI

45, 47, 48
, and leptin 

positively correlating with BMI 
8
 in healthy subjects. Apparently, these relations persist in 

end-stage knee OA. Most studies show either no or a positive correlation between resistin 
and BMI in various patient categories

49-51
. To the best of our knowledge, this has never 

been demonstrated in knee OA subjects as ours, which shows no correlation between 
resistin and BMI. 
 
Our study with exclusively end-stage OA patients demonstrates evidently increased serum 
adipokine levels in knee OA patients compared to controls. A small study by Honsawek et 
al. showed increased plasma adiponectin levels in K&L grade 2 OA compared to controls, 
but decreased levels in K&L grade 4 OA

15, 52
. Choe et al. showed increased serum resistin 

levels in radiographic hand OA patients compared to non-radiographic hand OA patients 
and controls

53
.  To the best of our knowledge, our study is the first one that demonstrates 

increased serum leptin and resistin levels in knee OA patients compared to healthy 
controls. 
 
The control subjects in our study were selected based on pain and/or stiffness of knee(s) 
and/or hip(s), but without radiographic knee osteoarthritis according to K&L grading (i.e. 
grade 0). As such, these subjects might represent a population with very early signs of OA 
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and joint damage not yet visible on radiographs
54, 55

. It has been reported that even in 
patients with a K&L grade 0, more subtle individual radiographic OA features as 
determined by digital knee image analysis can be observed

56
. As a consequence, this might 

have led to a slight underestimation of the difference between our end-stage knee OA 
population and control population. 
 
Comparison between the two populations was hampered by the difference in age and BMI 
between them, since age and BMI were strongly associated with the serum adipokine 
levels. However, the observed differences persisted when subjects were individually 
matched for age, BMI and gender. 
 
This study is the first to relate serum adipokine levels directly to local synovial tissue 
inflammation of the OA joint. Although the three adipokines generally showed positive 
correlations with synovial inflammation, relations were not very robust. Adiponectin 
showed a statistically significant positive correlation with synovial IL-1β production, 
thereby suggesting a relation with pro-inflammatory features in OA. Resistin was also 
positively associated with parameters of synovial inflammation. Accordingly, resistin levels 
have been shown to be elevated in RA patients and show a correlation with inflammation 
and joint destruction in RA

30, 57
. It has been stated that the infrapatellar fat pad shows an 

inflammatory phenotype with its cytokine and adipokine production, and therefore 
contributes to the pathophysiological changes in OA

58
. In general it is to be considered 

that systemic (serum) and local adipokine levels are involved in local synovial tissue 
inflammation in OA although relations are not strong. 
 
Based on available literature on the involvement of adipokines in OA pathogenesis, it was 
anticipated that (part of the) adipokines would (also) relate to cartilage damage in the OA 
joints. However, in this cohort no association with actual cartilage damage, quantified by 
histology and proteoglycan levels of the cartilage, was observed. This apparently contrasts 
with findings of others. For example, leptin levels were shown to be positively correlated 
with hip joint space narrowing grade in randomly selected subjects aged 52-78 years

42
. 

Different OA pathogenesis as well as differences in OA severity, end-stage compared to 
mild to moderate disease, might be explanatory for the discrepancy with our results. In 
knee OA patients, plasma and synovial fluid adiponectin levels showed negative 
correlations with knee OA K&L grade

15
. This relation only persisted for synovial fluid levels 

after adjusting for demographic variables. The latter, fits the absence of a correlation 
between serum adipokine levels and actual cartilage damage in the present study. 
 
A major difference between all previously performed studies and our study is that they all 
quantify cartilage damage radiographically, while we studied actual cartilage damage. 
Although the evaluation of the cartilage itself instead of the use of surrogate markers is 
more direct, it might also be more sensitive to the noise that results from all complex 
dynamics that continuously take place within the joint. On the other hand, recent 
observation suggested a clear relation between actual cartilage damage and features of 
radiographic joint damage including K&L grading (manuscript submitted). Furthermore, 
our local cartilage parameters might be biased because evaluation of articular cartilage did 
not take into account denuded bone areas. Reassuring in this respect is that also 
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macroscopic cartilage scores from all patients, that did include the entire joint surfaces 
including the denuded areas, did not show statistically significant correlations with any of 
the adipokines (data not shown). 
 
In conclusion this study supports involvement of adipokines in knee OA. Serum adipokine 
concentrations were evidently increased in knee OA patients as compared to controls, 
independent of age and BMI. Relations between systemic adipokines and local synovial 
tissue inflammation were found although not represented by similar relations with actual 
cartilage damage, suggesting adipokines are especially of relevance in the inflammatory 
component of the disease, and cartilage degeneration to be dominated by other, 
presumably intrinsic, processes. 
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Abstract 
 
Objective 
Recent in vitro studies showed that celecoxib, a selective COX-2 inhibitor, protects human 
osteoarthritic cartilage tissue from degeneration. The objective was to substantiate these 
beneficial effects in an in vivo (clinical) study with celecoxib treatment of patients with 
severe knee osteoarthritis and subsequent evaluation of cartilage tissue ex vivo. 
 
Methods 
Patients with knee osteoarthritis were treated 4 weeks prior to total knee replacement 
surgery with either celecoxib 200mg b.d., indomethacin 50mg b.d., or received no 
treatment. During surgery cartilage and synovium were collected and analyzed in detail ex 
vivo. 
 
Results 
When compared to non-treated patients, patients treated with celecoxib showed 
significant beneficial effects on proteoglycan synthesis, -release, and -content, confirming 
the in vitro data. In the indomethacin group, no significant differences were found 
compared to the control group. On the contrary, a tendency towards a lower content and 
lower synthesis rate was found. In the treated groups prostaglandin-E2 levels were lower 

than in the control group, indicating COX-2 inhibition. Ex-vivo release of IL-1 and TNF by 
synovial tissue was decreased by treatment with celecoxib, whereas in the indomethacin 

group only IL-1 release was decreased. 
 
Conclusion 
Using this novel approach we were able to demonstrate an in vivo generated 
chondrobeneficial effect of celecoxib in patients with end-stage knee OA. 
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Introduction 
 

Osteoarthritis (OA) is a slowly progressive degenerative joint disorder, with a high 
prevalence, gradual degeneration of articular cartilage, peri-articular bone changes and 
secondary synovitis. Pain is the most important symptom in patients with OA

1-4
. The first 

choice for pharmacological pain management in patients with OA, considering the 
guidelines of the American College of Rheumatology (ACR)

5
, is still acetaminophen. But 

more recent studies indicate that, especially in patients with severe pain, nonsteroidal 
anti-inflammatory drugs (NSAIDs) are superior

6
. Additionally, patients with OA show a 

greater preference for NSAIDs
7-9

.
 
More recently, the OARSI Guidelines Committee agrees 

that NSAIDs, both nonselective and selective, have a major role in the management of 
OA

10
. 

 
Anti-inflammatory and analgesic effects of NSAIDs are mainly due to their ability to 
suppress cyclooxygenase (COX), an enzyme involved in the production of prostaglandins. 
The clinical efficacy and side-effects with respect to gastrointestinal problems of NSAIDs 
are mostly well understood

11, 12
. According the OARSI Guidelines Committee selective 

NSAIDs appear to be safer with respect to GI toxicity and tolerance than nonselective 
NSAIDs

10
. Cardiovascular side-effects of the second generation NSAIDs, the selective COX-

2 inhibitors (coxibs), became evident more recently
13-16

. But also for the conventional 
NSAIDs this has always been a concern

17, 18
. Adverse effects of selective COX inhibitors on 

bone turnover/repair is still subject of study
19

. 
 
Another aspect of NSAIDs, still ignored by many, is their direct possible (adverse) effects 
on cartilage. Direct effects of NSAIDs on cartilage may be of importance in treatment of 
joint diseases, specifically in prolonged treatment of joint disease in which inflammation is 
only mild and secondary, as in OA. These direct effects should be considered in addition to 
gastro-intestinal effects and cardio-vascular effects when prescribing NSAIDs in clinical 
practice. Specifically in case of chronic use in not primarily inflammation mediated joint 
disease. 
 
Data about these direct effects of NSAIDs on cartilage are not consistent. Adverse effects 
have been reported frequently but also beneficial or neutral effects have been reported in 
vitro and in animal in vivo studies

20-22
. A frequently used NSAID that has been studied in 

the past regarding its direct effects on cartilage is indometacin. Indomethacin shows 
principally negative results on the biochemical parameters of cartilage in vitro

21, 23
 and 

animal studies
24, 25

, but there are also studies that could not find any effect of 
indomethacin on cartilage

26, 27
. 

 
Data on the selective COX-2 inhibitors are scarce. Recent in vitro data on celecoxib have 
shown positive effects on cartilage of OA patients

28-31
. These studies showed that 

celecoxib has favorable effects on the turnover of proteoglycans of OA cartilage, especially 
by diminishing the loss of proteoglycans from the matrix and increasing the retention of 
newly formed proteoglycans. To a lesser extend the synthesis of proteoglycans is 
influenced beneficially. 
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The direct effects of NSAIDs on cartilage cannot be studied easily in clinical trials and 
therefore they are generally ignored in clinical practice. Moreover, effects of NSAIDs on 
inflammation

32
 shade their direct effects on cartilage. In addition (intrinsic) cartilage 

changes, catabolic and anabolic, are generally very slow processes in OA and evaluation of 
cartilage degeneration by imaging techniques is still hampered by the limited sensitivity of 
these techniques. Therefore, we used an approach in which in vivo treatment is combined 
with ex vivo evaluation of the cartilage tissue. By treating patients with NSAIDs shortly 
before joint replacement surgery, significant amounts of cartilage tissue that have been 
exposed in vivo becomes available for ex vivo biochemical and histochemical analysis. This 
gives us the opportunity to study in a relatively short period, the effects of NSAIDs on OA 
cartilage treated in vivo by use of detailed ex vivo biochemical and histochemical analysis. 
 
The aim of this study was to investigate the effects of treatment of patients with severe 
knee OA with celecoxib for four weeks, in comparison with the conventional NSAID 
indomethacin, and with no treatment, on the biochemical characteristics of the joint 
cartilage. 
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Methods 
 
Patients 
28 patients with severe knee osteoarthritis, who were eligible for total knee replacement 
surgery, have been included between December 2004 and April 2005.  Patients were 
treated at the University Medical Center of Utrecht (UMCU), the Netherlands (n=15); the 
Sint Franciscus Gasthuis Hospital in Rotterdam, the Netherlands (n=9) and the 
Diakonessenhuis Hospital in Utrecht, the Netherlands (n=4). 
 
Exclusion criteria were a total knee replacement for other reasons than OA, patients with 
a history of gastrointestinal bleedings or perforation, and patients with an increased risk 
for cardiovascular diseases (patients with a history of cardiovascular disease, with 
untreated hypertension, with angina pectoris, and patients on oral anticoagulants). 
Patients already on NSAIDs had to stop their medication and switched to the study-
medication after a wash-out period of 7 days. The study was conducted according to the 
declaration of Helsinki and received ethics approval in all centers. Each patient gave 
written informed consent before participating in the study. 
 
Study design 
Patients with knee OA were randomized treated 4 weeks prior to knee replacement 
surgery with celecoxib 200mg b.d. (n=12), indomethacin 50mg b.d. (n=8), or received no 
treatment (n=8; controls). Because of its platelet-inhibiting effect, indomethacin-usage 
had to be stopped three days prior to operation which was compensated for by a 3 day 
earlier start of medication and because of the increased risk for gastrointestinal adverse 
effects with the use of indomethacin, all patients on this medication also received 
omeprazol (20 o.d. mg). Controls did not use NSAIDs according to their medical records 
and were informed explicitly not to take an occasional NSAID in the last 4 weeks prior to 
operation. 
 
At joint replacement surgery, synovial tissue and cartilage with underlying bone was 
obtained from femoral condyls and tibial plateaus. This tissue was kept in phosphate 
buffered saline for less than 4 hours and subsequently processed under laminar flow 
conditions at the UMCU. The investigators who performed the experiments and analysis 
were blinded to the patients’ clinical data and medication use. All the cartilage present on 
the weight bearing area of the joint was cut aseptically from the underlying bone. The 
slices were cut into squares and weighted (range 5-15 mg, accuracy 0.1 mg). Twenty four 
samples were randomly selected the remaining sample were discarded. Four of these 
randomly taken samples of each donor were fixed in 4% phosphate buffered formalin in 
2% sucrose and stained with Safranin-O fast green-iron haematoxylin for histochemistry. 
The remaining twenty randomly taken cartilage samples of each donor were used for 
biochemical analysis of proteoglycan synthesis, -retention, -release, -content, 
prostaglandin-E2 (PGE2) production, and nitric oxide (NO) production. Additionally, four 
synovial tissue samples from each donor were taken for determination of synovial tissue 
derived pro-inflammatory/tissue destructive cytokine production and MMP activity. 



Chapter 6 

86 

Histochemistry 
Four randomly taken cartilage samples were graded for features of OA, using the modified 
Mankin criteria

33, 34
. Two observers blinded to the source of the cartilage graded the 

cartilage and the averages of the two observers and the four samples were taken as 
representative score of each donor. 
 
Proteoglycan analysis 
As a measure of the proteoglycan synthesis rate, the sulphate incorporation rate was 
determined over a 4-hour period.  Na2SO4

2-
 (DuPont NEX-041-H, carrier free) 370 kBq was 

added to each 200 μl culture medium, consisting of Dulbecco’s modified Eagle’s medium 
(DMEM), supplemented with glutamine (2 mM), penicillin (100 IU/ml), streptomycin 
sulphate (100 µg/ml) ascorbic acid (0,085 mM) and 10% heat inactivated pooled human 
male AB

+ 
serum. Samples were equilibrated for one hour before adding 

35
SO4

2-
. After the 

4-hour labeling period, the cartilage explants were washed three times for 45 min in 
culture medium under culture conditions and then cultured, individually in a 96-well 

round bottomed microtiter plate (200 l culture medium/well 37C, 5% CO2 in air) for an 
additional period of 3 days. After this period cartilage and culture medium were 
separated, snap frozen, and stored at -20˚C for no longer than 7 days. 
 
For proteoglycan synthesis and -content, cartilage samples were digested (2h, 65 ˚C) in 
papain buffer as described before

35
. Papain digests were diluted to the appropriate 

concentrations and glycosaminoglycans (GAGs) were stained and precipitated with Alcian 
Blue dye solution

36
. The pellet obtained after centrifugation (9000g, 10 min) was washed 

once (sodium acetate (NaAc) buffer containing 0.1 M MgCl2) and subsequently dissolved 
(sodium dodecyl sulphate (SDS)). The 

35
S

-
radioactivity of the sample was measured by 

liquid scintillation analysis after addition of Picofluor-40 (Packard). 
35

SO4
2-

 incorporation 
was normalized to the specific activity of the medium, labeling time, and wet weight of 
the cartilage samples. The proteoglycan synthesis rate is expressed as nanomoles of 
sulphate incorporated per hour per gram wet weight of the cartilage (nmol/h/g). Blue 
staining was quantified photometrically by the change in absorbance at 620 nm. 
Chondroitin sulphate (C4383; Sigma) was used as a reference. Values were normalized to 
the wet weight of the cartilage and expressed as milligrams of GAG per gram wet weight 
of cartilage (mg/g). 
 
Release of newly formed proteoglycans, as a measure of retention of these proteoglycans, 
and total proteoglycan release was determined in culture medium. GAGs were 
precipitated from the 3-day culture medium and stained with Alcian blue

36
. As a measure 

of the release of newly formed proteoglycans the 
35

S-radio-labeled GAGs were measured 
by liquid scintillation analysis, normalized to the proteoglycan synthesis rate, and 
expressed as percentage release of newly formed proteoglycans. For the total release of 
proteoglycans blue staining was quantified photometrically by the change in absorbance 
at 620 nm (chondroitin sulphate used as a reference). Values were normalized to the GAG 
content of the explants and expressed as a percentage release. 
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Prostaglandin-E2 and NO determination 
Prostaglandin-E2 (PGE2) and nitric oxide (NO) were determined in the ex vivo 3-day culture 
medium. Prostaglandin-E2 was determined by Enzyme Immuno Assay (EIA, Caymann 
Chemical) and expressed as pg/ml per mg (wet weight) cartilage tissue. NO levels were 
determined using the standard Griess reaction and expressed as µM per mg (wet weight) 
of cartilage tissue. 
 
Synovial tissue analysis 
Four synovial tissue samples (192 ± 93 mg) from each donor were cultured for 3 days in 4 
ml culture medium. The supernatants of these cultures were harvested and rendered cell-
free by centrifugation. Interleukin-1β (IL-1β) and Tumor necrosis factor-α (TNFα) were 
determined by Enzyme Linked Immuno Sorbent Assay (ELISA) and expressed as pg/ml per 
mg synovial tissue. Matrix metalloproteinase (MMP) activity was measured by use of a 
fluorogenic MMP specific substrate with a built in quencher TNO013-F (Dabcyl-Gaba-Pro-
Arg-Gly-Leu-Cys(Acetyl-Fluorescein)-Ala-Lys-NH2, measuring MMP-2, 9 and especially 13) 
as described before

37
 and expressed as relative fluorescents units (RFU)/sec per mg 

synovial tissue. 
 
Calculations and statistical analysis 
Because of focal differences in composition and bioactivity of the knee cartilage 
(specifically in case of severe OA) the results of 20 cartilage samples per parameter per 
patient (obtained at random and handled individually) were averaged and taken as a 
representative value for the cartilage of that patient. For cartilage histochemistry, the 
average of 4 samples was used.  Similarly, the biochemical results of the 4 synovial tissue 
samples per patient (obtained at random and handled individually) were averaged and 
taken as a representative value for the cartilage of that patient. 
 
Means of the donors in each group ± SEM are presented. Statistical evaluation of the 
effects of treatment was performed with an independent-sample T-test. P values less than 
or equal to 0.05 were considered statistically significant. 
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Results 
 
Baseline characteristics 
Average age was similar for the different treatment groups (table 1), but gender varied 
considerably. The average histological grade of cartilage damage ranged from 4.5 to 4.8, 
not statistically different between the groups (table 1). It should be kept in mind that only 
the cartilage that could be cut from the joint surfaces after replacement surgery was used 
which was always hyaline cartilage. Thus in fact the entire joint had a worse appearance 
than represented by the modified Mankin score of the cartilage used. 
 
Table 1: Baseline and histological characteristics for the different treatment groups 

 
Controls 

(n=8) 
Indomethacin 

(n=8) 
Celecoxib 

(n=12) 

Age (years)
 ‡

 65 ± 2 69 ± 3 67 ± 3 

Gender (female/male) 8/0 5/3 10/2 

Histological cartilage damage (Mankin grade)
 ‡

 4.8 ± 0.4 4.8 ± 0.5 4.5 ± 0.3 

‡ Age and histological grade of cartilage damage are presented as means ± SEM, gender is presented as a 
female/male ratio. There were no statistical significant differences between different groups regarding age, 
gender and histological grade of cartilage damage. 

 

 
Figure 1 shows a representative photograph of the material used and a light micrograph of 
cartilage as used for evaluation, depicting the typical characteristics of OA cartilage 
including loss of Safranin-O staining, fissures and irregularities of the articular surface, and 
disturbance of the chondrocyte distribution (clusters of chondrocytes). 
 

Figure 1: Representative 
macroscopic and 
histological images of 
the osteoarthritic 
cartilage used 
Representative example of 
plateau and condylar 
cartilage obtained at joint 
replacement surgery (A) 
and light micrograph of this 
cartilage (B). Sections are 
stained with Safranin-O 
fast green-iron 
haematoxylin and graded 
for features of 
osteoarthritis according to 
the slightly modified 
criteria described by 

Mankin et al. This specific sample was scored 6. (See Appendix for a color version of this figure) 
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Effects of NSAIDs on proteoglycan turnover 

The non-treated patients showed based on previous studies, a proteoglycan synthesis 
rate, -retention, -release, and -content typical for osteoarthritic cartilage

35
 (figure 2A-D). 

Patients who had used celecoxib for a period of 4 weeks showed a statistically significant 
higher proteoglycan synthesis rate compared to the non-treated group (p<0.05; indicated 
by asterisks) and a higher synthesis rate compared to the indomethacin group (p<0.01; 
indicated by wickets). In contrast, the indomethacin group showed a tendency towards a 
lower proteoglycan synthesis rate compared to the non-treated patients (ns). The 
increased proteoglycan synthesis by celecoxib was accompanied by a better retention of 
the newly formed proteoglycans; celecoxib had a diminished release of newly formed 
proteoglycans compared to the untreated controls (p<0.01), with indomethacin treatment 
the same effect was found (p<0.05) (figure 2B). 
 

Figure 2: Effects on 
proteoglycan turnover and 
content of OA cartilage  
Proteoglycan synthesis rate 
(A), percentage release of 
newly formed proteoglycans 
(B), percentage total 
proteoglycan release (C) and 
proteoglycan content (D) are 
given. The results are 
presented as means ± SEM. 
Statistical differences for the 
effect of an NSAID compared 
to non-treated or treated 
patients is calculated by non-
parametric non-paired 
analysis. Asterisks (*) indicate 
statistical significant 
differences compared to 
controls, wickets (#) indicate 
statistical significant 
differences between 
treatment groups. 

 
Also for the total release of proteoglycans, the newly formed and the resident ones, 
significant lower values were found for the celecoxib (p<0.01) treated patients compared 
to the non-treated group. Indomethacin treatment did not reveal a statistically significant 
difference in total proteoglycan release compared to the control group, although on 
average similar effects were found (figure 2C). 
 
Most interestingly, a treatment period of 4 weeks resulted in a significant increase in 
proteoglycan content in the celecoxib group compared to the non-treated patients 
(p<0.05) and compared to the indomethacin group (p<0.05) (figure 2D). In contrast, the 
indomethacin group showed a tendency towards a lower proteoglycan content compared 
to the non-treated patients (ns). 
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Effects of NSAIDs on prostaglandin-E2 and NO production 
In order to evaluate whether both NSAIDs were able to modulate the enhanced 
cyclooxygenase (COX)-2 production of the cartilage, the prostaglandin-E2 production 
during the 3 days of ex vivo culture was measured. As shown in figure 3A, prostaglandin-E2 
production was diminished for cartilage obtained from the two treated groups when 
compared to the controls (p<0.05 and 0.01, for indomethacin and celecoxib respectively). 
Figure 3B shows a NO production which is equally lower in the two treated groups 
compared to the controls (p<0.01 and 0.001, respectively). 
 

Figure 3: Effects on PGE2 
and NO production 
Production of prostaglandin-
E2 (A) and nitric oxide (NO) 
(B) measured in the 3 day 
cartilage culture media of the 
three treatment groups is 
given. The results are 
presented as means ± SEM. 
Statistical differences for the 
effect of an NSAID compared 
to non-treated or treated 
patients is calculated by non-
parametric non-paired 
analysis. 

 
 
Inflammatory cytokines and MMP activity by synovial tissue 
To see whether the different NSAIDs had influenced the synovial tissue, the inflammatory 

cytokines IL-1 and TNFα and the matrix metalloproteinase (MMP) activity of this tissue 
were measured. Celecoxib treatment demonstrated a decrease in IL-1β and TNFα release 
(both p<0.05), whereas indomethacin treatment only decreased the IL-1β release (table 
2). Both treatments showed a tendency to reduce MMP-activity compared to the control 
group, although not statistically significant. 
 
Table 2: Inflammatory cytokines and MMP activity by synovial tissue 

 
Controls 

(n=8) 
Indomethacin 

(n=8) 
Celecoxib 

(n=12) 

IL-1β (pg/ml per mg tissue)
 ‡

 14.8 ± 5.6 1.9 ± 1.1* 1.9 ± 1.1* 

TNF-α (pg/ml per mg tissue)
 ‡

 1.5 ± 0.9 1.8 ± 0.8 0.3 ± 0.1* 

MMP activity (RFU/sec per mg tissue)
 ‡

 0.07 ± 0.01 0.04 ± 0.02 0.04 ± 0.01 
‡ Ex vivo interleukin-1β (IL-1β) levels, tumor necrosis factor-α (TNF-α) levels, and matrix metalloproteinase 
(MMP) activity of synovial tissue of the three treatment groups, presented as mean ±SEM. 
* represent statistical significant difference compared to controls. 
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Discussion 
 
The purpose of this study was to evaluate the in vivo effect of celecoxib, a selective COX-2 
inhibitor, compared to a frequently used conventional NSAID indomethacin, on human 
osteoarthritic cartilage, using detailed biochemical ex vivo evaluation of the cartilage 
tissue.  To our knowledge this is the first in vivo study showing - by use of ex vivo 
evaluation - that celecoxib has a favorable effect on proteoglycan turnover of human 
osteoarthritic cartilage. Moreover, it is the first time that the in vitro data on human 
cartilage tissue in this respect

3, 28-30
 have been verified in vivo/ex vivo. 

 
A great advantage of using this approach is the opportunity to perform a full detailed 
biochemical analysis of the articular cartilage while the treatment was given in vivo. A 
drawback is that in addition to the direct effects on cartilage (as evaluated thus far in 
vitro), there will be an effect on synovial tissue inflammatory activity, with expectedly 
indirect effects on cartilage. Moreover, the cartilage tissue studied involves severely 
damaged (end-stage disease) tissue. Another drawback of the approach is that the 
condition of the cartilage before start of treatment is not known, enabling only unpaired 
evaluation. On the other hand, it is expected that the histochemical evaluation of the 
cartilage after treatment is also representative of the cartilage condition before start of 
treatment, as it is not likely that the histochemical grade will change significantly in a 
relative short period of 4 weeks. 
 
Both NSAIDs were effective with respect to inhibition of prostaglandin-E2 production, as 
expected. The change in PGE2 production induced by the two NSAIDs equals the decrease 
in proteoglycan release. This corroborates the in vitro findings where a strong correlation 
between release of cartilage matrix proteoglycans and PGE2 has been demonstrated

38
. 

 
Also the NO levels in the present ex vivo experiments show a decrease under the influence 
of celecoxib and indomethacin. Previous in vitro work has demonstrated an inverse 
correlation between NO production by chondrocytes and proteoglycan synthesis rate. In 
these in vitro experiments, selective COX-2 inhibition, however, had hardly an effect on 
NO production and also only a marginal influence on proteoglycan synthesis rate

38
. The 

beneficial effect on proteoglycan synthesis rate and on NO production by celecoxib in the 
present study therefore, contrast the previously reported in vitro results, and might 
therefore be due to the indirect effects via the synovial inflammation. 
 
Interestingly the inverse relation between NO production and proteoglycan synthesis rate 
of cartilage as demonstrated in vitro and found for this in vivo study for the celecoxib 
treatment (decreased NO release with an increased synthesis rate) was not found for 
indomethacin. Due to indomethacin treatment, NO release decreased but the synthesis 
rate was not enhanced. The absence of an effect on proteoglycan synthesis rate may also 
explain the absence of an effect on proteoglycan content. Apparently additional 
mechanisms are involved. Interestingly in this respect was to see that indomethacin, in 

contrast to celecoxib, was unable to lower TNF release by synovial tissue, a mechanism 

that could be involved. TNF has been related to NO production previously
38

. The fact that 
indomethacin also inhibits COX-1 might be involved as well: an in vitro study showed that 
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selective inhibition of COX-1 with SC-560 resulted in an inhibited proteoglycan synthesis 
while selective COX-2 inhibition with celecoxib showed an increased proteoglycan 
synthesis

29
. 

 
The effects of celecoxib on cartilage were all beneficial as was also observed after in vitro 
exposure of human cartilage to celecoxib

28-30
. Previous research showed a beneficial effect 

of celecoxib on normal human cartilage under the influence of IL-1 and TNF
30, 38

. In 
addition a beneficial effect of celecoxib on human osteoarthritic cartilage, both early and 
late, was demonstrated

29
. Recently, El Hajjaji et al showed that celecoxib was able to 

increase hyaluronan and proteoglycan synthesis and to diminish hyaluronan and 
proteoglycan release of end-stage osteoarthritic cartilage obtained at joint replacement 
surgery. In the present study the supposed chondroprotective and even -reparative effects 
of celecoxib are confirmed in vivo. In contrast, no significant differences were found in the 
indomethacin group compared to no treatment with respect to synthesis rate and content 
of proteoglycans. On the contrary, a tendency towards a negative effect was found. When 
compared to the celecoxib treated group there was a significant difference for both 
parameters. 
 
It cannot be ruled out that the lack of a clear beneficial response of indomethacin is due to 
the fact that indomethacin was stopped three days prior to surgery, whereas celecoxib 
was given until the day of surgery. Because of the effects of indomethacin on coagulation, 
however, it was not feasible to continue this medication until the day of surgery. With a 
relatively short average half-life time, the effects of indomethacin on the cartilage might 
partly have been vanished during the last 3 days. However the prostaglandin-E2 levels of 
the indomethacin treated patients as well as proteoglycan release were decreased 
compared to non-treated patients indicating efficacy of indomethacin at those levels. But 
different lag times between cessation of treatment and loss of efficacy for the different 
parameters can not be ruled out.  Further research is needed, including the evaluation of 
celecoxib treatment until 3 days before surgery. In addition, more commonly used NSAIDs 
and other coxibs as comparators of celecoxib need to be studied. 
 
There have not been many recent studies on the direct effects of NSAIDs on cartilage. 
Previous in vitro work has shown that several types of NSAIDs inhibit the synthesis of 
proteoglycans and collagens by chondrocytes, and therefore have a negative effect on 
cartilage

20, 39
. A more recent study on diclofenac, a non-selective COX inhibitor that 

previously has been demonstrated in vitro to have negative effects on cartilage was 
studied by Reijman et al.

40
 in vivo. Patients using diclofenac showed an accelerated 

progression of hip and knee OA compared to patients using ibuprofen, naproxen or 
piroxicam. But whether this was caused by a deleterious effect on cartilage or by 
enhanced mechanical loading because of the analgesic effects remains to be established. 
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There is a lot of debate whether all patients considered for joint replacement indeed need 
surgical intervention or whether alternative medical treatment is still possible

41
. In our 

study most of the patients included did not use NSAIDs for their OA, supporting this 
observation. In this respect also in end-stage OA treatment with celecoxib may have its 
benefit. On the other hand it is proof of concept: In our in vitro studies we demonstrated 
beneficial effects on end-stage OA cartilage and on less severe damaged (pre-clinical OA) 
cartilage

29
. As such the present outcome might be extrapolated to less severe stages of 

OA. 
 
The recent recognition of the increased risk for cardiovascular side-effects with the use of 
selective and non-selective NSAIDs has put a new light on the use of selective COX-2 
inhibitors in particular and all NSAIDs in general. Further research needs to clarify the risk 
of the individual NSAIDs at the cardiovascular level, in relation to the other side-effects 
and their clinical efficacy. In the meantime the risk and benefits of different NSAIDs should 
be considered very carefully in the treatment of OA patients. In this consideration, the 
present results demonstrating the beneficial effects of celecoxib on cartilage in contrast to 
the neutral to adverse effects of indomethacin should be kept in mind when making a 
decision in prescribing analgesics in OA, a disease with intrinsic cartilage damage, not 
primarily inflammation driven, especially when long-term use is needed. 
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Abstract 
 
Objective 
To evaluate possible in vivo disease modifying activity of the selective COX-2 inhibitor 
celecoxib, compared to no treatment and naproxen, in treating end-stage knee 
osteoarthritis, using detailed ex vivo tissue analyses. 
 
Methods 
Patients (n=172) with end-stage knee OA were randomized to 4 groups and treated for 4 
weeks prior to knee replacement surgery: celecoxib 2dd200mg until surgery, naproxen 
3dd250mg, celecoxib 2dd200mg stopped 3 days prior to surgery, or no treatment. 
Cartilage and synovial tissue collected during surgery were analyzed ex vivo, with cartilage 
proteoglycan release as primary outcome. Additionally, several markers of synovial 
inflammation and clinical effects were determined. 
 
Results 
Data were analyzed in 138 patients, 34 patients were lost for several reasons. Cartilage 
proteoglycan release was slightly but not statistically significant decreased in the celecoxib 
group. None of the other cartilage parameters showed a significant effect. Synovial tissue 
showed only a small statistical significant decrease in NO levels in celecoxib treated 
patients. WOMAC pain decreased slightly (p<0.05) in celecoxib patients compared to the 
other treatment groups. 
 
Conclusion 
In the present study, no clear effects of 4 week celecoxib treatment on cartilage in end-
stage OA were evident. Effects on synovial inflammatory mediators were only limited. A 
small beneficial effect on clinical outcome was observed. As such the reported disease 
modifying effects of celecoxib in vitro and small clinical studies could not unambiguously 
be confirmed in this powered RCT. 
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Introduction 
 
Osteoarthritis (OA) is the most common joint disorder, frequently causing pain, loss of 
function, and disability in adults

1
. The unknown etiology results in deterioration of 

structure and function of the whole joint. Treatment of OA is initially conservative, 
predominantly symptomatic, and not stopping progression of the disease. Ultimately, in 
end-stage disease, surgical intervention is indicated. Currently there is no indisputable 
curative treatment. In fact, the number of joint replacements is increasing exponentially

2, 

3
. 

 
Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most commonly used 
pharmacological agents to alleviate OA symptoms

4
. Although they help relieve symptoms 

such as pain and inflammation, the direct effects of NSAIDs on cartilage may be of 
importance in the treatment of joint diseases, specifically when inflammation is only mild 
and secondary, as in OA. Direct effects of NSAIDs on cartilage cannot be studied easily in 
clinical trials and are generally ignored in clinical practice. Effects of NSAIDs on 
inflammation shade their direct effects on cartilage

5
. In addition, (intrinsic) cartilage 

changes, both catabolic and anabolic, are generally very slow processes in OA. Evaluation 
of cartilage degeneration by imaging and biomarker evaluation is hampered by the still 
limited sensitivity of these techniques

6
. 

 
Although limited in number, different results have been published on direct effects of 
NSAIDs on cartilage. In vitro and animal in vivo studies reported adverse effects of NSAIDs, 
including indomethacin, diclofenac, and naproxen

4, 7, 8
. Also neutral and beneficial effects 

have been published, e.g. for piroxicam and aceclofenac
4, 8, 9

. The number of human in vivo 
studies is very limited. Indomethacin and diclofenac were reported to accelerate hip and 
knee osteoarthritis progression

6, 10
. As such, the conventional NSAIDs are potentially 

harmful regarding their direct effects on cartilage. 
 
The new generation NSAIDs, the selective cyclooxygenase-2 (COX-2) inhibitors (Coxibs) 
were suggested to have beneficial effects on cartilage volume and defects based on MRI, 
while non-selective COX-2 inhibitors as comparators were deleterious

11
. Several in vitro 

studies suggested that selective COX-2 inhibitor celecoxib has beneficial effects on 
cartilage. Celecoxib was reported to have a favorable effect on overall metabolism of 
proteoglycans and hyaluronan, making a detrimental effect on articular cartilage during 
long-term use unlikely

12
. Celecoxib demonstrated positive effects on turnover of 

proteoglycans in cartilage tissue explants from OA patients, characterized by decreased 
loss of proteoglycans and increased retention of newly formed proteoglycans. To a lesser 
extend the synthesis of proteoglycans was influenced beneficially

13-16
.  

 
The selective COX-2 inhibitors, most specifically celecoxib, were postulated to provide 
disease modifying osteoarthritic drug (DMOAD) activity in vivo. By treating patients shortly 
before joint replacement surgery, the benefit of in vivo treatment of celecoxib was 
combined with the benefit of ex vivo evaluation of the joint tissues. Using this approach, it 
was demonstrated that a 3 months celecoxib treatment induced decreased COX-2 and 
mPGES-1 gene expression by the OA cartilage

17
. Moreover, cartilage proteoglycan 
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turnover, specifically proteoglycan loss, was affected beneficially by 4 week celecoxib 
treatment prior to joint replacement surgery, while indomethacin showed a tendency 
towards negative effects

18
. 

 
Based on these potential disease modifying osteoarthritic properties of celecoxib a 
powered randomized clinical trial was warranted. The aim of which was to evaluate in vivo 
disease modifying activity of short term celecoxib treatment in patients with end-stage 
knee osteoarthritis with ex vivo evaluation of joint tissues with observer blinded 
evaluation. 
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Patients and methods 
 
Patients 
Patients with severe knee OA (172 total), on the waiting list for total knee replacement 
surgery, were included between December 2007 and June 2009. Group size was calculated 
based on the difference in cartilage proteoglycan loss between no treatment and 
celecoxib treated patients in the previous pilot study

18
.  

 
Exclusion criteria were: total knee replacement for other reasons than OA, history of 
gastrointestinal bleeding or perforation, increased risk for cardiovascular disease (history 
of cardiovascular disease like myocardium infarct, heart failure, CVA (cerebrovascular 
accident) and TIA (transient ischemic attack); untreated/insufficiently treated 
hypertension; angina pectoris and use of oral anticoagulants), serious liver and/or kidney 
dysfunction and known intolerance for naproxen. Patients already on NSAIDs had to stop 
their medication at least 7 days prior to start with the study medication.  
 
The study was conducted according to the declaration of Helsinki and received ethics 
approval of the hospital. A written informed consent was given by each patient before 
participating in the study. The EudraCT number of this trial is 2007-004862-41. 
 
Study design 
Patients were randomized to one of four treatment groups 6 weeks prior to total knee 
replacement surgery. Patients were treated with either celecoxib 2dd200mg until surgery, 
celecoxib 2dd200mg until 3 days before surgery, naproxen 3dd250mg until 3 days before 
surgery, or no treatment (controls). Because of its platelet-inhibiting effect, the use of 
naproxen had to be stopped 3 days prior to surgery, for comparison, a group of celecoxib 
treated patients also stopped 3 days prior to surgery (not performed in the pilot study). All 
4 groups included 43 patients. Because of the increased risk for gastrointestinal adverse 
effects with the use of naproxen, all patients also received omeprazol 20mg o.d. 
 
The no treatment group used no NSAIDs according to their medical records and was 
informed explicitly not to take an occasional NSAID in the study period. There was no 
formal check for compliance for treatments or control other than by asking whether 
medication was taken. 

 
Tissue collection 
After at least 4 weeks of treatment, at total knee replacement surgery, femoral cartilage 
(both medial and lateral) with underlying bone and synovial tissue were obtained. Tissue 
was kept in phosphate buffered saline for maximum 4 hours during transport. At the 
UMCU tissue was processed under laminar flow conditions. Investigators performing 
experiments and analysis were fully blinded to patients’ clinical data and medication use. 
Blinding was guaranteed until all data of all patients were gathered. 
 
From weight bearing areas of the femoral condyles all cartilage was cut aseptically at full 
thickness from the underlying bone. These slices were cut into full thickness squares. From 
each donor 24 samples were taken randomly. Twenty samples were weighted (range 5-
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15mg, accuracy 0.1mg) and incubated for 3 days in culture medium for biochemical 
analyses (37°C, 5% CO2). Four samples were fixed for histochemistry. 
 
Additionally, four synovial tissue samples (range 50-150mg, accuracy 0.1mg) from each 
donor were taken randomly. Two were incubated for 3 days in 4 ml culture medium for 
biochemical analyses (37°C, 5% CO2). The supernatants of these cultures were harvested 
and rendered cell-free by centrifugation (1300g). Two samples were fixed for 
histochemistry. 
 
Macroscopy and histochemistry 
Macroscopic cartilage damage and synovial tissue inflammation was evaluated on digital 
high-resolution photographs of femur surface parts and synovial tissue, by two observers 
blinded for source of photographs. Severity of cartilage damage was graded from 0-3: 0 = 
fibrillation or focal degeneration, 1 = degeneration at multiple locations, 2 = degeneration 
at multiple locations with focal lesions, and 3 = degeneration throughout the tissue with 
severe focal lesions and focally full cartilage abrasion (Adapted from

16
). Synovial tissue 

inflammation was graded in three categories: color, angiogenesis, and fibrillation. Each 
category graded from 0-2: 0 = none, 1 = slightly and 2 = strong. 
 
For histochemistry, cartilage and synovial tissue samples were fixed in 4% phosphate 
buffered formalin with 2% sucrose. Cartilage was stained with Safranin-O fast green-iron 
haematoxylin. Synovium samples were stained with Haematoxylin-Eosin. Both tissues 
were sliced and from each sample 3 slices were used for histological scoring. Cartilage 
damage was scored using modified Mankin score

19, 20
. Synovial tissue inflammation was 

graded using modified Goldenberg and Cohen score
21, 22

. 
 
Two observers blinded to the source of the samples, scored all samples and the averages 
of observers and cartilage or synovial tissue samples were taken as representative score of 
each donor. In a limited number, when observers scored >1 point difference, consensus 
was sought. 
 
Cartilage biochemistry 
Twenty randomly taken cartilage samples of each donor were used for biochemical 
analysis of proteoglycan release (as primary outcome), retention of newly formed 
proteoglycans and proteoglycan content. Proteoglycan release and content were 
determined as described before

18, 20, 23
. In short, proteoglycan release and content were 

determined by staining and precipitation of glycosaminoglycans (GAGs) with Alcian Blue in 
3 day culture medium and in papain digests of cartilage samples, respectively. Blue 
staining was quantified photometrically by change in absorbance at 620nm. Chondroitin 
sulphate (C4383; Sigma) was used as reference. Values for total proteoglycan release were 
normalized to proteoglycan content of explants and expressed as percentage GAG release 
(%). Values for cartilage proteoglycan content were normalized to wet weight of the 
cartilage sample and expressed as milligrams of GAG per gram wet weight of cartilage 
tissue (mg/g). 
 



Lack of clear disease modifying activity of celecoxib in treatment of end-stage knee osteoarthritis 

103 

Release of newly formed proteoglycans, as a measure of retention of proteoglycans was 
determined by loss of 

35
SO4

2
- labeled GAGs in culture medium by precipitation of GAGs 

and subsequent liquid scintillation analysis. Values were normalized to proteoglycan 
synthesis rate, and expressed as percentage release of newly formed proteoglycans. 
 
Synovial tissue inflammation 
Interleukin-1β (IL-1β) and tumor necrosis factor-α (TNFα) were determined by Enzyme 
Linked Immuno Sorbet Assay (ELISA) in ex vivo 3-day culture medium of synovial tissue 
and expressed as pg/ml per mg synovial tissue. 
 
Clinical outcome 
Before start of medication and additionally within 3 days before surgery, patients were 
asked to fill out a Western Ontario and McMaster University (WOMAC) questionnaire 

24
 to 

evaluate pain, stiffness, and function, viz. before and after treatment. 
 
Calculations and statistical analysis 
Medication was not blinded. As such clinical outcome, based on patient report was not 
blinded. For all other parameters the trial was fully blinded until all assays were performed 
and all data were collected. 
 
In all cases multiple data from each patient (e.g. the results of 20 cartilage samples per 
patient obtained at random and handled individually) were averaged and taken as a 
representative value for that patient. This is done to compensate for focal differences in 
composition and bioactivity of the tissue (especially in case of severe OA). 
 
Data was first analyzed by intention to treat. However, a significant part of the patients 
switched to medication other than designated by randomization (open treatment) or were 
lost to follow-up because of others reasons. Therefore, additionally per protocol analysis 
was performed omitting these patients. Data from per protocol analyses have been given 
in figures and tables and did not differ from those of intention to treat analyses. 
 
Means of donors in each group ± SEM are presented. Statistical evaluation of effects of 
treatment was performed using the Mann-Whitney test with SPSS software, version 15.0 
for Windows (Chicago, IL, USA). P values less than or equal to 0.05 were considered 
statistically significant. 
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Results 
 
Table 1: Patients from inclusion until analyses in the different treatment groups 

 
No 

treatment 
patients 

Celecoxib 
full 

patients 

Celecoxib 
-3 days 
patients 

Naproxen 
-3 days 
patients 

Inclusion 43 43 43 43 

Consent withdrawn 1 - 1 2 

Change of medication - 3 3 4 

Not enough material 3 6 6 5 

Per protocol analysis 39 34 33 32 

Patients randomized to each of the treatment groups with numbers and reason of drop-out. 

 
 

Patient characteristics 
All 172 patients were included and randomized to four treatment groups. After 
randomization, 4 patients withdrew their consent, 10 patients changed to medication 
other than designated to or stopped medication within 2 weeks. From 20 patients not 
enough material was available for analyses. Statistically, there was no selective drop-out 
(a total of 34 patients) in either of the treatment groups. In total, 138 patients could be 
evaluated (table 1). 
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Table 2: Baseline characteristics for the different treatment groups 

Characteristics Treatment group 

 
No 

treatment 
Celecoxib 

full 
Celecoxib 

-3 days 
Naproxen 

-3 days 
 (n=39) (n=34) (n=33) (n=32) 

Patients     

Age (year) 70.0 (1.4) 66.8 (1.3) 65.7 (1.3) 66.4 (1.5) 

Gender female / male* 25 / 14 22 / 12 20 / 13 25 / 7 

Height (cm) 168 (1) 171 (1) 170 (2) 167 (1) 

Body Mass Index (kg/m
2
) 28.5 (0.9) 28.3 (0.7) 30.4 (0.9) 29.5 (0.9) 

Duration of medication (weeks) 6.8 (0.5) 6.8 (0.6) 7.6 (0.6) 7.2 (0.4) 

X-ray joint damage, K&L 3.2 (0.6) 2.8 (0.7) 3.1 (0.6) 3.1 (0.7) 

X-ray joint space narrowing, Altman 
25

 2.4 (0.6) 1.9 (0.7) 2.1 (0.7) 2.1 (0.7) 

X-ray osteophytes, Altman 1.9 (0.7) 1.6 (0.8) 1.6 (0.9) 1.6 (0.8) 

     

Cartilage      

Macroscopic score 2.4 (0.1) 2.2 (0.1) 2.3 (0.1) 2.2 (0.1) 

Histological score 4.8 (0.2) 4.8 (0.2) 4.5 (0.1) 4.6 (0.1) 

     

Synovial tissue     

Macroscopic score 3.1 (0.2) 3.0 (0.2) 3.1 (0.2) 3.2 (0.2) 

Histological score 4.8 (0.2) 4.8 (0.2) 4.5 (0.1) 4.6 (0.1) 

     

Patient characteristics presented as means ± SEM (except for gender * which is presented as female/male 
ratio). There were no statistically significant differences between the treatment groups for any of the baseline 
characteristics amongst groups and compared to the originally randomized patients in each group. 
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Patient characteristics for each of the treatment groups (per protocol analyses) are 
provided in table 2. For none of the 4 groups demographic data differed significantly from 
all randomized patients (data not shown). None of the characteristics was significantly 
different between the 4 groups. 
 

Proteoglycan parameters of the treatment groups 
Primary outcome, percentage total proteoglycan release was not statistically significantly 
different between the 4 treatment groups (figure 1A). According to the hypothesis, 
celecoxib treated groups showed a 7.6% and 5.5% decrease in proteoglycan loss 
compared to the no treatment group (for treatment until surgery and stopped 3 days in 
advance, respectively; both ns). The naproxen group showed no change in proteoglycan 
loss (-0.4%). 

 
Figure 1: Cartilage proteoglycan parameters 
The differences between the four treatment groups in percentage proteoglycan release (A; primary 
outcome), release of newly formed proteoglycans (as a measure of retention of these newly formed 
proteoglycans) (B), as well as proteoglycan content (C). Results are presented for each individual 
patient (dots) and means ± SEM (dash with whiskers). According to the hypothesis, proteoglycan 
releases (total and newly formed) were anticipated to be decreased in the celecoxib treated groups. 
Values for percentage decrease compared to untreated patients are given. 
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Percentage release of newly formed proteoglycan release was not statistically significant 
different between 4 treatment groups (figure 1B). Also for these parameters, the 
celecoxib treated groups showed as anticipated a 9.0% and 14.7% improvement of 
retention of newly formed proteoglycans compared to the no treatment group (however, 
both ns). The naproxen group showed no change in release of newly formed 
proteoglycans (+0.4%).  Proteoglycan content was not statistically significant different 
between the 4 treatment groups (figure 1C). 
 

Synovial tissue inflammation 
In order to evaluate inflammatory activity of synovial tissue, ex vivo IL-1β, TNFα, and NO 
production of synovial tissue was measured (figure 2). Patients treated with celecoxib until 
surgery showed a statistically significant decrease in NO production compared to patients 
without treatment (p=0.041). For IL-1β and TNFα production by synovial tissue no 
differences between groups were found. 

 
 
Figure 2: Ex vivo inflammatory mediator release of synovial tissue 
The synovial tissue ex vivo release of the inflammatory mediators IL-1β (A), TNFα (B), and NO (C) 
measured in the 3 day synovial tissue culture media of the four treatment groups. Results are 
presented for each individual patient (dots) and means ± SEM (dash with whiskers). 



Chapter 7 

108 

WOMAC score 

Although the study was not designed to evaluate clinical efficacy, WOMAC was filled out 
before and after medical treatment just before knee replacement surgery. Patients were 
not blinded to the medication. Patients receiving no treatment demonstrated a small 
decrease (3.9 points; ns) on the WOMAC sub score for pain representing worsening of 
pain (figure 3A). Improvement in WOMAC pain in celecoxib treated groups was 2.1 points 
and 4.9 points (p=0.127 and p=0.026). Naproxen treatment did not show a change in 
WOMAC (figure 3A). 
 
Comparable results were obtained for WOMAC stiffness score (figure 3B) where untreated 
patients showed an improvement of 3.1 points, celecoxib treated patients an 
improvement of 3.6 and 10.2 points, and naproxen treated group an improvement of 6 
points. For WOMAC function sub score (figure 3C) and WOMAC total score (figure 3D) 
celecoxib also led to better clinical benefit, although not statistically significant. 

 
 
Figure 3: The effects of treatment on WOMAC scores for the 4 treatment groups 
The differences between the four treatment groups in change in WOMAC pain (A), WOMAC stiffness 
(B), WOMAC function (C), and WOMAC total (D) scores.  Results are presented for each individual 
patient (dots) and means ± SEM (dash with whiskers). 
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Discussion 
 
The present randomized controlled observer blinded study demonstrates a small disease 
modifying osteoarthritic drug effect of a 4-6 week celecoxib treatment of severe OA prior 
to joint replacement surgery. The most profound decrease in cartilage proteoglycan loss 
(the primary endpoint) was found by celecoxib, although not statistically significant. NO 
production was diminished statistically significant by celecoxib, although in just one of the 
two groups. Limited clinical benefit was reported by the patients receiving celecoxib. As 
such the reported clear disease modifying effects of celecoxib in vitro and small clinical 
studies could not unambiguously be confirmed in this powered RCT. 
 
Patients that received no treatment showed proteoglycan retention, -release, and -
content typical for osteoarthritic cartilage

18, 20
. But unanticipated, release was not 

statistically significant changed by treatment. It is tempting to conclude that pilot studies 
using a similar protocol were biased by group size and unblinded approach. However, the 
present RCT, blinded for the primary outcome evaluation, has also its limitations: The 
condition of cartilage before start of treatment is unknown, enabling only unpaired 
evaluation. In case values were already different before start of medication despite 
randomization, changes due to treatment might not have become apparent. It is expected 
that histochemical and radiographic evaluation of cartilage after treatment is 
representative of cartilage condition before start of treatment, as it is unlikely that 
histochemical grade and Altman score will change significantly in a relative short period of 
4 weeks. It should be kept in mind that cartilage tissue studied involves severely damaged 
(end-stage diseased) tissue. Only hyaline cartilage that could be cut from the joint surface 
after replacement surgery was used. 
 
Others reported on in vivo studies in which celecoxib did seem to have a 
chondroprotective effect. An explanation for differences between those studies and ours 
could be duration of celecoxib treatment: 4 weeks prior to knee replacement surgery 
(based on our pilot study

18
) versus 3 months up to 3 years in other studies

17, 26
. 

 
Another possible explanation of lack of a clear statistically significant effect could be the 
number of patients. We included 172 patients, but because of several reasons only 138 
patients could be evaluated, a loss of 20% (randomly divided over the groups). It can not 
be ruled out that this loss of patients is responsible for loss of power and with that for 
missing a statistical effect of celecoxib treatment on proteoglycan loss. 
 
Both celecoxib treated groups show a tendency towards a lower percentage proteoglycan 
release compared to the no treatment group. Nonetheless the effects noticed were not in 
the magnitude of the results shown in previous work, both in vitro as in vivo

13-15, 18
. 

However, it should be kept in mind that a more than 5% decrease in proteoglycan loss in 4 
weeks can be of clinical relevance in case of long term treatment. 
 
Another (indirect) measure of treatment efficacy is the inhibition of proinflammatory 
cytokine release; in addition to analgesic effects, NSAIDs have anti-inflammatory effects. 
This is best seen in the synovial lining of the affected knee. From synovial tissue culture 
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supernatants measurements of IL-1β and TNFα revealed no differences between 
treatment groups; both celecoxib and naproxen treatment where unable to lower release 
of IL-1β and TNFα by synovial tissue. But according to its function, NO production could be 
diminished. A decrease in IL-1β and TNFα might have been expected, however in end-
stage disease inflammation might be limited. 
 
Corroborating the very mild effects of celecoxib on biochemical level, analgesic effects of 
celecoxib treatment evaluated by WOMAC scores was also limited. It might be that 4 
weeks of medication is critical, and a minimal (and maybe of too short) duration to 
observe effects. 
 
In conclusion, the present randomized controlled observer blinded study demonstrates no 
clear disease modifying osteoarthritic drug effects of a 4-6 week celecoxib treatment prior 
to joint replacement surgery. No adverse effects were found either. Because of the small 
(sometimes statistically significant) beneficial effects of celecoxib, despite proper 
statistical design of the study, it can only be concluded that during a 4-6 week treatment, 
no larger effects can be obtained. Longer treatment periods might increase the effect size, 
although this has to be proven. 
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Abstract 

 
Osteoarthritis is a degenerative joint disease and is characterized by progressive loss of 
articular cartilage, subchondral bone sclerosis, osteophyte formation, and synovial 
inflammation, causing substantial physical disability, impaired quality of life, and 
significant health care utilization. Traditionally, treating pain and inflammation in OA, non-
steroidal anti-inflammatory drugs (NSAIDs) including selective COX-2 inhibitors have been 
used. Besides its anti-inflammatory properties, evidence is accumulating that celecoxib, 
one of the selective COX-2 inhibitors, has additional disease modifying effects. Celecoxib 
was shown to affect all structures involved in OA pathogenesis: cartilage, bone, and 
synovium. Next to COX-2 inhibition, evidence exists that celecoxib also modulates COX-2-
independent signal transduction pathways. These findings raise the question whether 
celecoxib and potentially other coxibs are more than just anti-inflammatory and analgesic 
drugs. Can celecoxib be considered a disease modifying osteoarthritic drug (DMOAD)? In 
this review, these direct effects of celecoxib on cartilage, bone, and synoviocytes in OA 
treatment are discussed. 
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Introduction 
 
Osteoarthritis (OA) is the most common joint disorder in Western countries, affecting over 
70% of adults aged 55-70 years

1, 2
. OA is characterized by progressive loss of articular 

cartilage, subchondral bone sclerosis, osteophyte formation, and synovial inflammation, 
causing substantial physical disability, impaired quality of life, and significant health care 
utilization. As OA incidence increases with age, OA will become a major health issue and 
socio-economic problem in the coming decades

3
. Historically, OA was seen as a 

degenerative disease solely caused by the ‘wear and tear’ process of ageing cartilage. 
Now, it is recognized as a more dynamic, complex disease, involving numerous factors 
affecting the whole joint

4
. Various risk factors for development of OA have been 

identified: age, sex, genetic and biomechanical factors, contributing to degeneration of 
articular cartilage and changes in bone and synovium. 
 
Traditionally, treating pain and inflammation in OA, non-steroidal anti-inflammatory drugs 
(NSAIDs) have been used

5
. The anti-inflammatory effects of NSAIDs are mainly due to their 

ability to inhibit cyclooxygenase (COX), impairing production of prostaglandins, which are 
important mediators of the inflammatory response and pain. COX enzymes metabolize 
arachidonic acid, forming prostaglandin H2 (PGH2), which is subsequently metabolized by 
PGE synthase into PGE2

6
. Two isoforms of the COX enzyme exist: constitutively expressed 

homeostatic COX-1 found in most tissues, and COX-2 which is not expressed in normal 
healthy tissues and cells but induced by various pro-inflammatory, catabolic, and stress 
mediators such as cytokines, growth factors, and increased loading

7
. Beneficial effects of 

NSAIDs are thought to be mediated by COX-2 inhibition, whereas unwanted 
gastrointestinal effects are caused by inhibitory effects on COX-1

8
. This led to the 

development of selective COX-2 inhibitors. Celecoxib (SC-58635; 4-[5-(4-Methylphenyl)-3-
(trifluoromethyl)-1H-pyrazol-1-yl]benzenesulfon-amide) was the first FDA-approved 
selective COX-2 inhibitor which is now widely used in OA treatment 

9
. 

 
Besides its anti-inflammatory properties, evidence is accumulating that celecoxib has 
additional disease modifying effects. Celecoxib has been shown to affect all structures 
involved in OA pathogenesis: cartilage, bone, and synovium

10-12
. Next to COX-2 inhibition, 

evidence exists that celecoxib also modulates COX-2-independent signal transduction 
pathways

13
. These findings raise the question whether celecoxib is more than just an anti-

inflammatory and analgetic drug. Does celecoxib slow down OA-disease progression? Can 
celecoxib be viewed as a disease modifying osteoarthritic drug (DMOAD)? In this review, 
the direct effects of celecoxib on cartilage, bone, and synoviocytes in OA treatment will be 
discussed. 
 
It is important to note that part of the effects described may be related to the coxib class 
of drugs as a whole, some may be specific to celecoxib, and some may result from a 
general COX-inhibiting effect. This review does not intend to distinguish between them 
but focuses on the properties of celecoxib specifically. Only when celecoxib was compared 
to other treatments, such comparisons were taken into account. Moreover, the review 
does not discuss the issue on side effects and clinical efficacy of celecoxib but focuses on 
its potential tissue structure modifying, mostly chondroprotective, effects. 
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Methods 
 
Two electronic databases were searched for relevant publications: PubMed (1990-march 
2010) and EMBASE (1990-march 2010). Key words used were: celecoxib/Celebrex/SC-
58635, osteoarthritis/arthrosis/OA, cartilage/chondrocytes, synovium /synovial 
/synoviocytes, and bone. Celecoxib studies in relation to its effects on cartilage, bone, and 
synovium were selected by screening title and abstract. Publications not written in English 
or not containing original data were excluded. Reviews concerning subjects like celecoxib 
cost-effectiveness, cardiovascular/ gastrointestinal side effects of celecoxib, and celecoxib 
used in cancer treatment have been published and therefore not covered in this review. 
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Celecoxib: direct effects on cartilage 
 
In OA, chondrocytes fail to maintain the equilibrium between synthesis and degradation of 
the extracellular matrix, resulting in progressive disruption of structural integrity of 
cartilage. Initially, chondrocytes compensate the enhanced catabolic processes by 
increasing synthesis of collagens and proteoglycans. However, as OA progresses, the 
increasing catabolic enzyme activity can no longer be counterbalanced

14
. Interleukin-1β 

(IL-1β) and tumor necrosis factor-α (TNF-α) play a key role in the destructive process, by 
stimulating expression and release of proteases such as collagenases and aggrecanases 
including matrix metalloproteinases (MMPs) and a disintegrin and metalloproteinase with 
trombospondin repeats (ADAMTS), which degrade collagen and aggrecan. These 
proinflammatory cytokines stimulate synthesis and release of nitric oxide (NO) and 
prostaglandin-E2 (PGE2)

15
. Chondrocytes from OA patients show elevated COX-2 

expression, and its product PGE2 is increased in OA cartilage
16

. The function of PGE2 in OA 
is not exactly clear, as it has both catabolic and anabolic effects in cartilage

17, 18
. NSAIDs 

could potentially affect cartilage through their inhibition of PGE2 production. 
 
Proteoglycan turnover 
It has been shown that celecoxib dose-dependently inhibits glycosaminoglycan release 
and stimulates proteoglycan synthesis in healthy human articular cartilage explants when 
exposed to peripheral blood mononuclear cells from RA patients or IL-1β and TNF-α 

19
. 

The fact that IL-1β and TNF-α-induced decreased proteoglycan synthesis is reversed by 
celecoxib indicates that this drug also can mediate its effects directly on activated 
cartilage. Furthermore, in OA cartilage explants, celecoxib stimulated synthesis and newly 
formed proteoglycan retention

20-22
. The non-selective COX inhibitors diclofenac and 

naproxen did not affect proteoglycan turnover in OA cartilage. Indomethacin and an 
experimental COX-1 selective inhibitor (SC-560) had an adverse effect

20, 21
. This difference 

in NSAID effects supports COX-2 involvement in catabolic activity regulation in cartilage, 
whereas COX-1 activity might have a more physiological role in chondrocytes. 
 
In healthy cartilage no effect of celecoxib on proteoglycan turnover was observed

19, 22
. 

This is in contrast with the protective in vitro effect of celecoxib on end-stage OA cartilage 
obtained at joint replacement surgery. For treatment of OA in clinical practice, it would be 
beneficial if celecoxib could influence proteoglycan turnover in earlier stages of disease. It 
was shown that in both degenerated (pre-clinical) and late-stage OA cartilage, celecoxib 
not only stimulated proteoglycan synthesis and retention of newly formed proteoglycans, 
but also had favorable effects on proteoglycan content. Importantly, in vitro during 
celecoxib treatment, proteoglycan content in degenerated cartilage normalized, 
suggesting celecoxib treatment in early stages of OA could slow down or even reverse the 
destructive process

22
. 

 
Whereas in vitro effects of celecoxib on OA cartilage are beneficial, the results obtained 
with isolated chondrocytes are not consistent. In a mechanically stretched monolayer of 
chondrocytes, celecoxib had a positive effect on aggrecan expression and diminished 
release of chondroitin sulphate

23
. In contrast, no positive effect was observed of celecoxib 

on proteoglycan turnover of osteoarthritic chondrocytes cultured in alginate beads
24

, of a 
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monolayer of chondrocytes
25

, nor in an in vitro model of posttraumatic osteoarthritis
26

. 
This variation in celecoxib effects could potentially be due to differences in chondrocyte 
culture models, whereas cartilage explants probably reflect the in vivo situation better. 
 
PGE2 induced catabolism 
A possible way through which celecoxib exerts its effect on proteoglycan turnover is by 
inhibition of PGE2 production. PGE2 is highly expressed in OA cartilage and studies 
indicated a pivotal role for PGE2 in OA cartilage metabolism

27
. Expression of PGE2 and 

COX-2 in OA cartilage is strongly inhibited by celecoxib
10, 21, 22, 28, 29

. PGE2 has been shown 
to enhance IL-1β-/TNF-α-induced proteoglycan release, resulting in decreased 
proteoglycan content in cartilage explants

28
. The effect of PGE2 on synthesis of 

proteoglycans remains controversial. In OA cartilage, proteoglycan synthesis is inhibited 
by PGE2

17
, whereas PGE2 does not affect proteoglycan synthesis rate in healthy cartilage

28
. 

This discrepancy could be due to differences in expression levels of the individual 
members of the EP receptor family (EP1-4) through which PGE2 exerts its effects. EP4 has 
been implicated in mediating catabolic effects because EP4 is highly expressed in OA 
cartilage

17
. IL-1-induced expression of EP4 in cultured OA chondrocytes is decreased by 

celecoxib
29

, but not consistently
17

. The overall negative effect of PGE2 on proteoglycan 
turnover in cartilage might be mediated through the EP4 receptor (figure 1). 
 
PGE2 has been shown to inhibit collagen synthesis and to stimulate MMP and ADAMTS-5 
expression, proteolytic enzymes involved in degradation of collagens and proteoglycans

17, 

30, 31
. Theoretically, celecoxib could also prevent cartilage destruction by inhibiting 

induction of MMP expression in OA cartilage. Both inhibitory and stimulatory effects of 
celecoxib on IL-1-induced expression of MMP-13 in OA chondrocytes have been 
reported

10, 17
. Also no agreement exists of the celecoxib effect on MMP-1 expression in 

cartilage
10, 25, 32

. Celecoxib reverses IL-1β-induced ADAMTS-5 expression in OA cartilage 
explants

17
. As such, celecoxib could prevent enhanced proteoglycan turnover in OA by 

affecting both MMP and ADAMTS-5 expression. But clearly, our understanding of the 
influence of celecoxib on PGE2-induced cartilage catabolism is far from complete and it 
would be worthwhile to explore this role in more detail. 
 
Nitric oxide, nuclear factor-κB, and chondrocyte apoptosis 
Nitric oxide plays an important role in cartilage destruction in OA, e.g. by inhibiting matrix 
synthesis, activating MMPs, and inducing chondrocyte apoptosis

33-35
. Because NO is an 

attractive target in OA treatment, several studies addressed the question whether 
celecoxib influences NO production. Little agreement on the effect of celecoxib in 
mediating NO release exists: several studies found inhibitory effects of celecoxib on NO 
production in chondrocytes

25, 32, 36
, whereas others did not

28, 37
. These contradictory 

effects are potentially due to differences in culture models, treatment duration, and 
celecoxib concentration used. 
 
In articular chondrocytes, NO production is regulated by nuclear factor-κB (NF-κB), 
JunNH2-terminal kinase (JNK) and p38

32, 38
. Celecoxib was shown to suppress NO 

production by inactivating JNK and NF-κB
32

. An inhibitory effect of celecoxib on NF-κB 
signaling in OA chondrocytes was shown previously

10
. NF-κB has an essential role in OA 
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pathogenesis being involved in cytokine stimulation, MMP and ADAMTS expression, and 
diminished secretion of extracellular matrix proteins by chondrocytes. Inhibition of NF-κB 
could potentially be beneficial in OA treatment. Interestingly, it was reported that 
celecoxib reduces expression of IL-1

37
 and IL-6

24
, both inflammatory cytokines involved in 

OA pathogenesis
39

. It is currently unknown how celecoxib mediates its effects on cytokine 
expression and NF-κB activity. In chondrocytes derived from cartilage from patients with 
OA it has been shown that celecoxib induces apoptosis in a dose dependent manner

25
, 

although reduction in apoptosis via cyclooxygenase inhibition by celecoxib has been 
reported also

26
. 

 
In general, celecoxib has favorable effects on cartilage destruction in vitro, thereby 
theoretically slowing down disease progress in vivo (figure 1). 
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Figure 1: Schematic representation of the in vitro effects of celecoxib (CBX) on cartilage 
degeneration 
COX-2 expression in the chondrocyte is induced by inflammatory mediators such as IL-1β and TNF-α 
(1). Subsequently, the prostanoid receptor EP4 is up regulated via a COX-2 dependent mechanism 
(2). Increased COX-2 activity results in large concentrations of PGE2 (3). PGE2 exerts its effects 
through the prostanoid receptor EP4 (4), resulting in an increased expression of MMPs, ADAMTS-5. 
Furthermore, PGE2 augments the release of newly formed proteoglycans from cartilage and 
diminishes the synthesis of proteoglycans (5). IL-1β and TNF-α also activate the transcription factors 
NF-κB and JNK (6), which stimulate the expression of inducible NO synthase (iNOS) (7), resulting in 
the formation of nitric oxide (8). Nitric oxide has a potential role in inducing chondrocyte apoptosis, 
inhibiting proteoglycan synthesis and stimulating MMP-activity (9). Together, the effects of nitric 
oxide and PGE2 result in cartilage degeneration. Celecoxib prevents the negative effects of PGE2 and 
nitric oxide on cartilage destruction by inhibiting both COX-2 and NF-κB/JNK, thereby potentially 
slowing down cartilage degradation in OA. 
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Celecoxib: effects on synoviocytes 
 
Inhibition of signal transduction and proinflammatory mediators 
Although originally viewed upon as a non-inflammatory arthropathy, a pivotal role of 
synovial inflammation in OA progression is now recognized. Imaging studies have shown 
synovium changes in early and late OA 

40
. Histologically, synovium from OA patients’ 

shows hyperplasia, increased lining layer thickness, blood vessel formation and 
mononuclear cell infiltration, mainly consisting of macrophage like cells. IL-1β and TNF-α 
levels are increased in OA synoviocytes, potentially contributing to disease progression by 
activating chondrocytes and synovial fibroblasts

41, 42
. Enhanced PGE2 and COX-2 expression 

in synovial fluid and synovial membrane have been observed
43, 44

. Several effects of 
celecoxib on synovium with a focus on fibroblasts have been described. Celecoxib 
reversed IL-1β-induced PGE2 and COX-2 protein expression in synovial fibroblasts. 
Furthermore, celecoxib inhibited IL-1β-induced activation of NF-κB in synovial fibroblasts 
from OA patients

10
. NF-κB induces expression of large numbers of inflammatory mediators 

and plays a major role in the initiation and maintenance of synovitis, synovial hyperplasia, 
and inhibition of synovial apoptosis in rheumatoid arthritis (RA). Although less is known 
concerning the function of NF-κB in osteoarthritic synovium, it is clear that celecoxib could 
reduce expression of various inflammatory mediators by down-regulation of NF-κB

45
.  

 
Proteolysis 
Among the downstream factors of NF-κB are MMPs, which play a crucial role in cartilage 
degradation in OA. Both MMP-1 and MMP-13 levels are enhanced in OA; MMP-1 is 
predominantly released by synovial cells, and MMP-13 is highly expressed by 
chondrocytes

46
. MMP-2 and MMP-9 are also elevated in the osteoarthritic joint. MMP-2 

expression is regulated by COX-2. A number of NSAIDs, including celecoxib, inhibit MMP-2 
secretion in OA synovial fibroblast cultures

47
. Furthermore, celecoxib can decrease the 

expression of MMP-9 and urokinase-type plasminogen activator (u-PA) and its inhibitor 
PAI

47
. Alterations in u-PA and PAI have been found in osteoarthritic tissue and contribute 

to a disturbed proteolytic balance
48

. 
 
It was shown that celecoxib, but no other selective COX-2 inhibitors, enhances MMP-1 and 
MMP-13 protein expression in IL-1β-stimulated synoviocytes

10, 49
. This observation does 

not corroborate the inhibitory effect of celecoxib on MMP-1 expression in RA 
synoviocytes

50
. This discrepancy could be due to different concentrations used, celecoxib 

being stimulatory at low concentrations (0.5-1 μM) and inhibitory at higher concentrations 
(5-10 μM). Evidently, a stimulatory effect of celecoxib on synovial MMP-1 and MMP-13 
expression could be detrimental in OA treatment

10
. In conclusion, celecoxib influences the 

balance of proteolytic enzymes in OA synovium, although in general appearing beneficially 
(MMP-2, MMP-9, uPA) adverse effects have been reported as well (MMP-1, MMP-13). 
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Apoptosis 
Recently, it was shown that celecoxib dose-dependently inhibits proliferation and induces 
apoptosis in synovial fibroblasts obtained from OA patients

51, 52
. This is in agreement with 

findings in RA
53-55

. Remarkably, various other COX-2 selective inhibitors, including 
nimesulide and rofecoxib, did not induce apoptosis of synovial fibroblasts, indicating that 
celecoxib stimulates apoptosis in a COX-2-independent manner

51
. In cancer cells celecoxib 

has been shown to modulate apoptosis pathways; inhibiting anti-apoptotic proteins, 
elevating Ca

2+
 concentration and altering NF-kB signaling (for review see

56
). Although the 

exact pro-apoptotic mechanism of celecoxib in synovial tissue remains to be established, it 
is evident that anti-proliferative and pro-apoptotic effects of celecoxib on synovium are 
beneficial in reducing synovial hyperplasia and potentially slow down synovitis mediated 
OA disease progress. 
 
Taken together, celecoxib modulates several pathogenic mechanisms of synovial cells that 
are not always affected by other NSAIDs, suggesting that celecoxib may have a COX-2 
independent additional value in the treatment of OA (figure 2). 
 

 
 
Figure 2: Schematic representation of the major actions of celecoxib (CBX) in synovium 
In OA synovium, increased levels of IL-1β and TNF-α stimulate the expression of COX-2 and the 
ensuing PGE2 production. PGE2 augments the expression of proteolytic enzymes, including MMPs 
and uPA, thereby contributing to the destruction of the articular joint. Celecoxib has a beneficial 
effect on synovium through its inhibition of COX-2 (1). In addition, celecoxib inhibits IL-1β-induced 
activation of NF-κB, and hence diminishes the expression of various inflammatory mediators (2). A 
third potential favorable effect of celecoxib on synovium is its induction of apoptosis in synovial 
fibroblasts (3). This would theoretically contribute to a decreased synovial hyperplasia and a 
reduced expression of inflammatory mediators.  
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Celecoxib: effects on subchondral bone 
 
Subchondral bone in osteoarthritis 
Subchondral bone sclerosis and osteophyte formation are radiographic hallmarks of end-
stage OA. Several studies suggest that bone remodeling in OA is biphasic: an early 
decrease in trabecular bone formation, followed by an increase in subchondral bone 
density and stiffness

57, 58
. The initial thinning of the subchondral plate coincides with 

changes in articular cartilage, suggesting a pivotal role for the cartilage and subchondral 
bone interaction in OA progression. In established OA, the increased subchondral bone 
stiffness probably contributes to further cartilage degeneration

59
. 

 
Osteoclastogenesis 
Osteoclasts play a pivotal role in the destruction of subchondral bone

4, 14, 59
. 

Osteoclastogenesis and activation of mature osteoclasts are critically regulated by the 
receptor activator of NF-κB ligand (RANKL). RANKL mediates its function by binding to its 
cell-surface receptor RANK on osteoclast precursor cells and osteoclasts, thus stimulating 
differentiation and activation of osteoclasts. RANKL is mainly expressed by osteoblasts and 
stromal cells, where expression of RANKL is COX-2-dependent

60
. In inflammation RANKL is 

also produced by T-lymphocytes and fibroblast-like synoviocytes. Osteoprotegerin (OPG), 
a soluble decoy receptor for RANKL, can prevent the biological effects of RANKL. The ratio 
between OPG and RANKL determines whether the balance is in favor of bone resorption 
or bone formation

61, 62
. Interestingly, two osteoblast subpopulations were identified in OA, 

one with a low OPG/RANKL ratio in favor of bone resorption, and one with a high 
OPG/RANKL ratio, promoting bone formation

61, 63
. Inhibition of COX-2 by NSAIDs 

diminishes RANKL production by osteoblasts. Since RANKL is an important inducer of 
osteoclastogenesis, celecoxib inhibited osteoclast differentiation in co-cultures of 
osteoblasts and bone marrow-derived cells

12, 64
. Besides affecting osteoclastogenesis 

indirectly through its effect on osteoblasts, celecoxib also directly influenced osteoclast 
precursor cells by inhibiting COX-2 expression. Adding celecoxib to bone marrow-derived 
monocyte/macrophage cells, in the absence of stromal cells, suppresses RANKL-induced 
osteoclast differentiation

65, 66
. This celecoxib effect was reversed by PGE2, indicating that 

RANKL-induced COX-2 and PGE2 expression in osteoclast precursors is critically involved in 
osteoclastogenesis

65
 (figure 3). 

 
Osteoclast activity 
Besides inhibition of osteoclast differentiation, celecoxib is able to almost completely 
inhibit activity of human osteoclasts

66
. Slightly lesser effects were observed with 

indomethacin, and no effects were seen with a selective COX-1 inhibitor, suggesting a 
COX-2 dependent pathway is involved

66
. However, other mechanisms might be involved in 

inhibiting osteoclast activity as well. Celecoxib, as well as other sulfonamide-type COX-2 
inhibitors, contain an aryl sulfonamide moiety which inhibits carbonic anhydrase II

67
. 

Abundantly expressed on the inner surface of osteoclasts, carbonic anhydrase II catalyzes 
conversion of CO2 and H2O into bicarbonate and H

+
. Acidification in the resorption pit is 

required for dissolution of the inorganic matrix of bone
68

. Treatment with celecoxib 
reduced carbonic anhydrase activity and thereby inhibited osteoclast activity, an effect 
not observed for COX-inhibitors without this sulfonamide-moiety

12
. 
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OPG/RANKL in chondrocytes 
Recently, it was found that human chondrocytes express OPG, RANKL and RANK

61, 69
. 

Interestingly, the OPG/RANKL ratio is significantly lower in OA chondrocytes compared to 
healthy chondrocytes

70
. This shift in OPG/RANKL ratio is mediated by PGE2

69, 71
. Inhibition 

of PGE2 production by celecoxib resulted in a higher OPG/RANKL ratio
71, 72

. It was shown 
that RANKL produced by chondrocytes can stimulate osteoclastogenesis

73, 74
. Furthermore, 

RANKL, a chemo attractant for peripheral blood monocytes, could attract osteoclast 
precursor cells to the joint

75
 Inhibition of chondrocyte RANKL expression by celecoxib 

might thus prevent subchondral bone loss (figure 3). 

 

 
 
Figure 3: Schematic representation of the main effects of celecoxib (CBX) on subchondral bone  
IL-1β induces the expression of COX-2 in chondrocytes (1) and osteoblasts (2), leading to RANKL 
production. RANKL stimulates the differentiation of osteoclast precursor cells into quiescent 
osteoclasts (3). Furthermore, RANKL induces the expression of COX-2 and PGE2 in quiescent 
osteoclasts, and subsequently PGE2 activates osteoclast in both an autocrine and paracrine manner 
(4). Celecoxib inhibits the COX-2 dependent RANKL production by chondrocytes and osteoblasts, 
thereby avoiding osteoclastogenesis and osteoblast activity. Furthermore, celecoxib directly inhibits 
the differentiation of precursor cells, independent of RANKL-production by stromal cells. Celecoxib 
can also directly affect the osteoclasts themselves, by decreasing RANKL-induced PGE2 expression 
and inhibiting carbonic anhydrase (CA). Decreased CA activity will diminish acidification of the 
resorption pit, and hence decrease osteoclast activity (5).  
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Celecoxib: effects in vivo 
 
Cartilage 
In vitro experiments have shown a cartilage sparing effect of celecoxib in OA cartilage; 
however in vivo data, human or animal, are scarce. Contrary to its positive effects on 
cartilage degeneration in vitro, no chondroprotective effect of celecoxib in the canine 
groove model of OA was observed

76
. Although PGE2 levels in the joint were inhibited, 

celecoxib did not improve cartilage histopathology or proteoglycan turnover. This lack of 
chondroprotective effect might have been due to increased loading of the joint in the 
celecoxib-treated group compared to the placebo-treated group, where no analgesics 
were given

76
. Conversely, celecoxib was shown to reduce cartilage damage in collagen-

induced osteoarthritis (CIA) in rabbits. Histopathological evaluation showed less cartilage 
erosion, reduced cartilage fibrillation and decreased loss of chondrocytes. Proteoglycan 
content, determined by Safranin-O staining intensity, was higher than in the placebo-
treated group

77
. Next to the direct effects of celecoxib, the anti-inflammatory effects of 

celecoxib may have caused this chondroprotective effect as the model depends on 
inflammation and the number of inflammatory cells and PGE2 concentration in synovial 
fluid was significantly reduced by celecoxib. 
 
Few studies describe in vivo effects of celecoxib on cartilage destruction in OA patients

37, 

44, 78-80
. However, in general these studies have limitations with respect to their small size 

and short duration. A way to study drug effects is by treating patients with severe knee OA 
waiting for joint replacement surgery, and analyze the cartilage ex vivo. In this manner, a 
beneficial effect of celecoxib on cartilage degradation after 4 weeks of treatment was 
observed

78
. Although no differences in histopathological Mankin score were observed, 

proteoglycan synthesis rate and retention of newly formed proteoglycans was significantly 
increased in celecoxib-treated OA patients compared to indomethacin- or untreated 
patients. The expression of key players in the destructive process, NO and PGE2, were 
inhibited by both celecoxib and indomethacin

78
. Hence, differences in cartilage 

proteoglycan turnover between celecoxib- and indomethacin-treated patients could result 
from specific effects of indomethacin-induced COX-1 inhibition on cartilage

20, 21
, or from 

COX-2 independent actions of celecoxib
13

. Using a similar approach, long-term (3 months) 
effects of celecoxib and aceclofenac were studied in OA patients

37
. It was demonstrated 

that expression of COX-2 and microsomal prostaglandin-E synthase-1 (mPGES-1), and 
inducible NO synthase (iNOS), an enzyme involved in NO generation, were strongly 
reduced in both celecoxib and aceclofenac-treated patients. Only celecoxib was shown to 
inhibit expression of PGE2-receptors EP2 and EP4, as well as TNF-α and IL-1β in articular 
cartilage. A positive correlation exists between TNF-α/IL-1β levels and cartilage damage

81
, 

suggesting a chondroprotective effect of celecoxib in vivo. 
 
Celecoxib-treatment effects on disease progression are more ambiguously

79, 80, 82
. In an 

observational study, conventional NSAID use was associated with enhanced cartilage 
destruction compared to selective COX-2 inhibitors. Furthermore, COX-2 inhibitors 
rofecoxib and celecoxib showed beneficial effects on tibial cartilage defects in knee OA 
compared to no medication

82
. Recently, celecoxib-treatment effects (200 mg daily, 12 

months) on cartilage volume loss were studied compared to a historical cohort of patients 
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receiving standard care
79

. Using quantitative MRI, no protective celecoxib effect on knee 
cartilage was found. Only one randomized controlled trial (RCT) has addressed the effects 
of celecoxib on cartilage degeneration

80
. Patients who met radiographic criteria grade 2 

and 3 (Kellgren and Lawrence) were blinded and given celecoxib, chondroitin sulphate, 
glucosamine or placebo. Unexpectedly, no differences in joint space narrowing (measured 
radiographically) or disease-progression between celecoxib and placebo-treated group 
were observed after two years follow-up

80
. Lesser than anticipated loss of joint space 

width in the placebo-treated group, hampered the study, and prevented a strong 
conclusion. Moreover, the results found in these studies are obtained in an un-controlled 
trial set-up and as such, can be the result of the selection of patients. Also the numbers of 
patients used in most studies is rather limited. Figure 4 summarizes the suggested in vivo 
effects of celecoxib. The beneficial in vitro effects and the somewhat controversial in vivo 
effects on cartilage, mostly based upon weak evidence, urge clearly for properly designed 
RCTs on the potential DMOAD effect of celecoxib. 
 
Synovium 
In different arthritis animal models, celecoxib has been shown to reduce synovitis, 
leukocyte infiltration and synovial hyperplasia

83-85
. In synovium of severe knee OA 

patients, inhibitory effects of celecoxib on IL-1β and TNF-α expression was 
demonstrated

44, 78
. Furthermore, celecoxib inhibited IL-6 concentration in synovial fluid of 

patients with moderately severe OA after 2 weeks of treatment
86

. Interestingly, in these 
studies, aceclofenac and indomethacin had no or only moderate effects on cytokine 
expression

44, 78
. 

 
Figure 4: Summary of the effects 
of celecoxib on osteoarthritis in 
vivo (animal and human) 
Celecoxib has different in vivo 
effects in the different tissues of 
the osteoarthritic knee joint. In 
cartilage celecoxib has a positive 
effect on proteoglycan content, 
as well as an inhibiting effect on 
several mediators of 
inflammatory and cartilage 
destruction processes. In synovial 
tissue celecoxib shows inhibiting 
effects on cytokines and the 
number of synovial 
macrophages. Celecoxib shows a 
positive effect on the trabecular 
bone volume and a negative 

effect on bone resorption and the number of osteoclasts in subchondral bone. 
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Reduction of pro-inflammatory cytokines in synovial fluid by celecoxib could be the result 
of decreased production by chondrocytes, as has been shown in vitro

24
. However, synovial 

macrophages are also an important source of pro-inflammatory cytokines
42

. Ex vivo 
analysis of OA synovium after in vivo celecoxib treatment showed a significant reduction 
in synovial macrophage numbers, which was not observed for aceclofenac

44
. This 

macrophage depletion might be due to enhanced apoptosis in response to celecoxib, 
which has a pro-apoptotic effect on synoviocytes and macrophages

51, 53, 55
. Decreasing 

macrophage numbers would result in lower pro-inflammatory mediator levels in synovial 
fluid. Merely one study addressed the influence of celecoxib on MMP-activity in synovial 
tissue. Despite controversial results on MMP-activity in synoviocytes in vitro, no celecoxib 
effect on MMP-activity was demonstrated in vivo

78
. 

 
In conclusion, under certain conditions pro-inflammatory cytokines play a crucial role in 
OA pathogenesis by inhibiting proteoglycan synthesis, inducing chondrocyte apoptosis and 
activating other cells. Preventing enhanced production of these inflammatory mediators 
by celecoxib will likely slowdown disease processes. Several lines of evidence indicate that 
synovial changes can be among the first to occur in OA (for review see

87
), suggesting early 

treatment could slow down or maybe prevent joint damage. As little research has focused 
on effects of celecoxib on synovial tissue, further research should elucidate effects of 
celecoxib in disease progression. 
 
Bone 
Various studies have shown a beneficial effect of celecoxib on bone in vivo

12, 88-90
. 

Celecoxib, but not other NSAIDs, diminished bone mineral density loss 
12, 88, 90

 and 
enhanced trabecular bone volume in adjuvant- and collagen-induced arthritis in rats

88-90
. 

The increased trabecular bone volume correlated with reduced serum type I collagen C-
telopeptide, a bone resorption marker representing osteoclast activity

12, 88
, and other 

bone resorption parameters
89

. Whereas celecoxib did not affect bone formation, it 
suppressed osteoclast numbers in tibia of arthritic animals

89, 90
. These celecoxib effects 

were partly mediated by RANKL, as celecoxib decreased expression of RANKL in synovial 
tissue, bone marrow cells and cartilage in vivo

71, 89
. As shown in vitro, celecoxib inhibited 

both osteoclastogenesis and osteoclast activation, thereby directly diminishing bone 
destruction. 
 
Despite celecoxib being used for treatment of OA for many years, no effects of it on serum 
markers of bone resorption and formation or on structural changes in bone have been 
reported. As celecoxib has beneficial effects on bone resorption in vitro and in vivo in 
animal models, it would be interesting to explore these effects on bone metabolism in OA 
patients in more detail. 
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Conclusion 
 
Despite celecoxib being approved for OA treatment for over a decade, few studies have 
addressed the disease modifying properties of this selective COX-2 inhibitor, specifically in 
vivo. This review did not address the clinical risk and side effects related to clinical benefits 
of celecoxib but focused on the disease modifying properties of this compound. However, 
increased risks of myocardial infarction and worsening of high blood pressure can not be 
ignored when prescribing celecoxib. These issues have extensively been described in other 
reviews and are still under discussion at present. Also did this review not intend to 
compare in a systematic way the disease modifying effects of celecoxib with other coxibs 
and conventional NSAIDs. As such all effects described might be partly class specific and 
partly celecoxib specific. Nonetheless, considering its chondroprotective effects, 
prevention of synovial hyperplasia, and inhibition of bone destruction in vitro and in vivo 
specifically in animal models, suggests that celecoxib and maybe other coxibs could 
potentially slow down OA disease progression in humans. At present however, good 
quality RCTs examining the disease modifying effects of celecoxib are lacking. Future 
studies should elucidate the actual role of celecoxib and other selective coxibs as disease 
modifying osteoarthritic drugs. 
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Summary 
 
The aim of this thesis is to gain more insight in the characteristics of end-stage 
osteoarthritic patients who are about to undergo total knee replacement surgery. Their 
use of medication, potential markers of actual characteristics of joint damage and 
inflammation, and effects of potential disease modification by drugs were studied. For 
this purpose, a clinical trial was performed with patients with end-stage knee 
osteoarthritis. While on the waiting list for total knee replacement surgery, patients were 
randomized to receive pharmacological treatment for four to six weeks prior to joint 
replacement surgery. At the moment of surgery cartilage and synovial tissue were 
harvested for detailed macroscopic, microscopic, and biochemical evaluation. Clinical 
effects of medication before surgery and clinical effects of surgery itself were evaluated by 
use of questionnaires. Different questions were addressed in the different chapters of this 
thesis, of which the results and conclusions are summarized in this final chapter, followed 
by a general discussion of these results. 
 

Part I: Medication and markers 
 
It is reasonable to presume that before the decision to replace the original knee joint by a 
prosthetic implant; all other treatment options have been explored. One may also 
presume that there are strict (evidence based) criteria to time the optimal moment of 
knee joint replacement surgery. In Chapter 2, I explored the clinical decision making 
towards a total knee replacement. There are indeed guidelines for the timing of knee 
replacement surgery

1
. In clinical practice the decision depends on pain, disability, and 

radiological changes, in addition to other patient characteristics
2-4

. 
 
It appeared that most patients on the waiting list for total knee replacement surgery 
experience significant levels of pain and limitations due to their disease. But surprisingly, 
the majority of the patients on the waiting list did not take adequate pain medication. Half 
of the patients used no medication or only occasionally acetaminophen (paracetamol). 
More recent, data from another Dutch hospital support our findings: in patients with hip 
and/or knee OA it was found that 81% of the patients had not been exposed adequately 
to conservative treatment modalities

5
. One may argue that these observations are biased, 

because they only included a limited number of patients from single orthopaedic 
departments of general hospitals on specific locations in the Netherlands. 
 
However, recently similar data were published from 15.000 patients from the US health 
insurance claims database, reporting that only slightly more than half of the patients 
undergoing total knee replacement surgery used NSAIDs and this concerned on average 
4.3 prescriptions for a total of 5 months during the 24 months period prior to surgery

6
. 

Thus, half of the patients did not receive NSAID treatment and those that did receive 
NSAIDs used them for only a quarter of the two year period before total knee 
replacement. Nonetheless, these patients were indicated for a total knee replacement. 
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This illustrates the notion of experts in the field that physicians do not prescribe 
conservative treatment options for patients with (severe) OA in an optimal way

7, 8
. An 

argument may be that these patients do not respond (any more) to pain medication. This 
appeared not to be the case, since patients with inadequate medication, who started 
using NSAIDs daily, did improve clinically. About one third could even be classified, 
according to strict criteria, as responders within a period of six weeks in contrast to the 
patients receiving no treatment. Organizations such as OARSI, ACR, EMEA, and EULAR 
provided guidelines for treatment of OA, all including optimal exploration of medication

2, 

9-11
. Apparently, these guidelines are not optimally incorporated in daily clinical practice. 

 
This discussion became even more relevant when the clinical outcome of total knee 
replacement surgery was evaluated (Chapter 3). One and a half year after total knee 
replacement surgery patients were asked whether they would have undergone the 
treatment again with the present (post-treatment) knowledge. This evaluation revealed 
that 13% of the treated patients would not have undergone the treatment if they knew 
the clinical outcome beforehand. When the actual clinical outcome based on 
questionnaires on pain and functional ability was evaluated, only half of the patients could 
be designated as a clinical responder (50 percent improvement on WOMAC pain or 
WOMAC function, or 20 percent improvement on both WOMAC pain and WOMAC 
function)

12
. Patients with the most severe joint damage based on K&L grading of 

radiographs benefit the best from joint replacement treatment. Also a relative younger 
age (65 years) and more severe pain before surgery appeared positive predictors for good 
response. Including predictors of success in the decision making towards a total knee 
replacement will probably result in overall better outcome and patient satisfaction. For 
some of the patients treated in our cohort it could be predicted that the chance for 
response was below 20%. But of course these predictive algorithms have to be verified. 
 
Taken together, properly designed randomized controlled trials are warranted to study 
the potential effect of adequate pain medication in order to delay the need for total knee 
replacement surgery in patients with severe osteoarthritis. Long term prospective multi-
centre observational studies are needed to provide an evidence based set (algorithm) of 
predictors for clinical efficacy of joint replacement surgery. With this knowledge 
orthopaedic surgeons are able to restrain the exponential growth in total knee prosthesis 
surgery and use this final surgical option for those who actually need it. 
 
Chapter 3 describes that actual joint damage based on K&L grading is a relevant predictor 
of clinical outcome of total knee replacement surgery. Therefore, in Chapter 4 it was 
studied whether radiographic joint damage based on K&L criteria predicts actual joint 
pathology. The K&L grading

13
 is based on different components of which osteophyte 

formation and joint space width narrowing are considered the most relevant. The Altman 
atlas

14
 scores these radiographic characteristics separately. A clear relationship between 

radiographic characteristics (K&L grading, osteophyte scores as well as joint space width 
narrowing) and actual cartilage damage in end-stage knee OA patients considered for 
replacement surgery was found. Additionally, osteophyte formation was correlated with 
synovial inflammation, phenomena that have been linked before

15
. Most importantly, 

none of the clinical parameters did relate to any of the actual structural cartilage damage 
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or synovial inflammation parameters. This supports the observations of chapter 3. In 
conclusion, radiographs appear to be good indicators for the actual severity of joint 
damage in contrast to clinical characteristics and should be taken into account when 
selecting patients for joint replacement surgery. 
 
In Chapter 5, the use of additional parameters to predict actual cartilage damage and 
synovial inflammation were studied. Obesity, in addition to age, is considered the major 
risk factor of OA

16, 17
. Besides biomechanical factors mediating this relationship between 

osteoarthritis and obesity
18, 19

, also metabolic factors have been suggested to be involved. 
Adipose tissue is considered an endocrine tissue releasing cytokines (IL-1β and TNFα) and 
adipokines (adiponectin, leptin, and resistin). These mediators have been reported to be 
involved in the OA disease process. The exact mechanisms by which adipokines exert their 
effects in OA are still unclear. In the cohort of 172 patients selected for joint replacement 
surgery, adipokine levels were all clearly higher compared to controls without any 
radiographic sign of cartilage damage, also after adjustment for gender, age, and BMI. In 
the OA population clear relations with age were found for adiponectin and resistin and 
with BMI for leptin and adiponectin. No associations were found between serum levels of 
adipokines and cartilage damage whereas a marginal positive association was found with 
synovial inflammation. This study supports an important role of adipokines in 
osteoarthritis considering the high serum levels in these patients compared to controls, 
but the mechanism remains to be elucidated. Systemic adipokines appear to have an 
influence, although limited, on local tissue inflammation. This was however not 
represented by a similar relation with actual cartilage damage, suggesting that cartilage 
degeneration is dominated by other, perhaps intrinsic processes. However, at the 
individual level, systemic markers of metabolic disease or inflammation appear not to be 
useful as predictors of actual cartilage damage or synovial inflammation. 
 

Part II: Disease modification 
 
In the first part of this thesis it is stated that properly designed randomized controlled 
trials are warranted to study the potential effect of adequate pain medication to delay the 
need for total knee replacement surgery in case of severe osteoarthritis. An upcoming 
approach towards the treatment of OA is to find medication that not only treats the 
symptoms of OA, but also induce tissue structure repair. To date there are no FDA 
(American Food and Drug Administration) approved (registered) tissue structure (disease) 
modifying osteoarthritis drugs (DMOAD). In Europe, the EMEA (European Medicines 
Agency) has approved glucosamine sulphate in the treatment of OA. However, its 
structure modifying properties are not unambiguously demonstrated

20
. Several studies are 

ongoing to investigate disease modification of drugs; including salmon calcitonin, 
avocado-soybean, iNOS inhibitor, vitamin D3, collagen hydrosylate, BMP7 and rhFGF18

21
. 

 
Our research group has gathered substantial in vitro evidence for the potential disease 
modifying activity of celecoxib (Celebrex)

22-24
. These studies show that celecoxib has 

favourable effects on the turnover of proteoglycans of specifically osteoarthritic cartilage. 
They particularly diminish the loss of proteoglycans from the matrix and increase the 
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retention of newly formed proteoglycans. To a lesser extend the synthesis of 
proteoglycans is influenced beneficially. 
 
Based on these results a pilot clinical trial was started. Chapter 6 describes the effects of 
celecoxib compared to a frequently used conventional NSAID indomethacin. Patients were 
treated shortly prior to joint replacement surgery with indomethacin or celecoxib. Tissue 
structure modifying effects were studied using detailed ex vivo biochemical evaluation of 
the cartilage tissue obtained at surgery. The results of this pilot study demonstrated the 
beneficial effects of celecoxib on cartilage in contrast to the neutral to adverse effects of 
indomethacin. When compared to non-treated patients, patients treated with celecoxib 
showed significant beneficial effects on proteoglycan synthesis, -release, and -content, 
confirming the in vitro data. In the indomethacin group, no significant differences were 
found compared to the control group. On the contrary, a tendency towards a lower 
content and lower synthesis rate was found. Using this novel approach we were able to 
demonstrate an in vivo generated chondrobeneficial effect of celecoxib in patients with 
end-stage knee osteoarthritis. It was concluded that this benefit of celecoxib should be 
kept in mind, in the context to all other risks and benefits, when making a decision in 
prescribing non-steroidals in osteoarthritis, especially when long-term use is needed. 
 
The result of this pilot study was the basis for a larger prospective, randomized, observer 
blinded clinical trial. In addition to cartilage damage, also synovial inflammation was 
evaluated in detail. The comparator was naproxen. The results of a 4 to 6 week celecoxib 
treatment on cartilage metabolism in patients with knee osteoarthritis prior to joint 
replacement surgery are described in Chapter 7. Cartilage proteoglycan release was 
slightly but not statistically significantly decreased in the celecoxib group. A limited 
inhibition of synovial inflammation was observed. Synovial tissue showed a small 
statistical significant decrease in NO levels in celecoxib treated patients. Clinical benefit 
was reported by the patients receiving celecoxib, but effects were small. WOMAC pain 
decreased slightly (p<0.05) in celecoxib patients compared to the other treatment groups. 
No adverse effects were found either. The promising effect of the earlier study could not 
be confirmed by this randomized, observer blinded clinical trial. In conclusion, celecoxib 
appears to have less clear disease modifying osteoarthritic drug (DMOAD) properties as 
originally supposed. 
 
These conflicting results did us decide to review the literature again on the effects of 
celecoxib in treatment of OA as discussed in Chapter 8. Despite the fact that celecoxib has 
been approved for OA treatment for over a decade, few studies have addressed the 
disease modifying properties of this selective COX-2 inhibitor, specifically in vivo. Celecoxib 
has been shown to affect all structures involved in OA pathogenesis: cartilage, bone, and 
synovium. Next to COX-2 inhibition, evidence exists that celecoxib also modulates COX-2-
independent signal transduction pathways. These findings raise the question whether 
celecoxib is more than just an anti-inflammatory and analgetic drug and whether it can be 
considered as a disease modifying osteoarthritic drug (DMOAD). Its chondroprotective 
effects, its inhibition of synovial hyperplasia and bone destruction in vitro and in vivo 
(particularly in animal models) support the idea that celecoxib and maybe other coxibs 
could potentially slow down OA disease progression in humans. 
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This review did not address the clinical risk and side effects related to clinical benefits of 
celecoxib but focused on the disease modifying properties of this compound. However, 
increased risks of myocardial infarction and worsening of high blood pressure can not be 
ignored when prescribing traditional or selective NSAIDs, including celecoxib. These issues 
have extensively been described in other reviews and are still under discussion at present. 
Also this review did not intend to compare the disease modifying effects of celecoxib with 
other coxibs and conventional NSAIDs in a systematic way. As such all effects described 
might be partly class specific and partly celecoxib specific. Since good quality RCTs 
examining the disease modifying effects of celecoxib are lacking, future studies are 
needed to elucidate the actual role of celecoxib and other selective coxibs as disease 
modifying osteoarthritic drugs. 
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General discussion 
 
The in vivo treatment - ex vivo evaluation approach of studying DMOAD activity 
In this thesis we used a unique study set-up in which patients were treated in vivo for a 
short period of time before total knee replacement surgery. At surgery joint tissues were 
obtained and used for detailed biochemical ex vivo evaluation. This approach has the 
advantage that evaluation of structure modifying effects of treatment is not depending on 
large long-term, expensive trials. It is known that slowing down the degenerative process 
by treatment takes a long time to become evident in a generally slowly developing disease 
as OA, using radiography, which is still considered the gold standard 

25
. Significant changes 

in characteristics of osteoarthritis in large cohorts are needed to demonstrate tissue 
structure changes 

25
. Biochemical and histochemical parameters are much more sensitive 

and changes in these parameters precede the actual tissue structure modification 
becoming evident over a prolonged period of time on radiographs. Moreover, even more 
sensitive molecular tools (mRNA analyses) might be used in the ex vivo evaluation of 
cartilage and synovial tissue, preceding the biochemical and histochemical changes. 
Evaluation of molecular, biochemical, and histochemical changes of tissues obtained at 
joint replacement surgery may provide sensitive (significant changes in a short time) tools 
to detect changes due to potential disease modifying (drug; DMOAD) treatment prior to 
surgery. 
 
Nevertheless, there are several drawbacks. The quality (molecular, biochemical, and 
histochemical) of the cartilage before start of treatment is unknown. Therefore only 
unpaired analyses can be performed. Larger numbers of patients are needed to be able to 
get an answer of these analyses than in the case of paired (longitudinal, in the same 
patient) evaluation. In cases of differences in treatment and control groups before start of 
treatment, despite the randomization, changes due to DMOAD treatment will never 
become evident. In these cases, effects of treatment might be missed as such. Taking a 
cartilage biopsy before the start of treatment could be an alternative. This would still only 
give limited information. Cartilage characteristics differ significantly depending on the 
location in the joint, specifically in case of osteoarthritis 

26
. The information received from 

such a cartilage biopsy does not compensate for the experienced discomfort and risks for 
the patient. 
 
Also the phase during the disease process, in its end-stage where reparative and 
degenerative changes have occurred over many years, may not be optimal. In order to 
study the effects of potential DMOADs, preferably more early phases in the disease need 
to be studied. On the other hand, it is also important to gain knowledge of the end-stage 
of the disease, because the effects of medication are of major importance to provide tools 
to delay the need for surgery. 
 
Another issue to consider is the duration of treatment. Patients have to be included, 
randomised and treated in the time period they are on a waiting list for knee replacement 
surgery. This limits the duration of treatment. In our study 4 to 6 weeks of treatment was 
practically feasible. However, this might be too short to detect disease modifying effects 
of this medication. Others, who treated their patients for 3 months in a similar in vivo/ex 
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vivo setup did find beneficial effects of celecoxib 
27, 28

 whereas we did not with 4 to 6 
weeks treatment. Longer treatment periods interfere with clinical practice, but could be 
considered and of value to extend the usefulness of this novel in vivo/ex vivo approach. 
 
Properly designed studies using this novel in vivo/ex vivo approach with longer treatment 
periods prior to joint replacement surgery may add to the discovery of actual DMOAD 
activity of medication. 
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Timing of joint replacement surgery, an open area between pain medication and joint 
prosthesis 
For now, total knee replacement surgery is still the golden standard in the treatment of 
end-stage knee OA. New treatment such as knee ‘joint distraction’ are very promising, but 
have to prove long-term efficacy and safety 

29
. Total knee replacement surgery appears to 

be very effective in reducing pain and improving function, but at the expense of the 
original joint. With an ageing population with older people still demanding an active 
lifestyle, and a growing incidence of obesity, the prevalence of knee osteoarthritis is 
increasing exponentially. Clearly this has serious public health consequences, regarding 
the numbers of joint replacement surgeries to perform and the costs involved. Also the 
lifespan is limited, especially when placed in relatively younger patients. Revision surgery 
has clearly less favourable results and is more costly. Improving quality of life is the major 
goal for any treatment for a chronic disease. Since joint replacement may lead to serious 
complications in certain patient groups and loss of quality of life, it is important to find 
ways to postpone a joint prosthesis in end-stage knee OA. A knee prosthesis can then be 
saved for these patients who have no other options and who have the best prognosis after 
replacement surgery. Taken together, the need for joint preserving treatments is more 
current than ever. 
 
Up to now, OA cannot be cured. Current treatment is aimed at reducing pain, minimizing 
functional disability, and limiting progression of damage until replacement of the affected 
joint becomes necessary 

30
. Guidelines from the ACR 

11
, EULAR 

10
, OARSI 

9
 and NICE 

2
 all 

recommend a combination of both non-pharmacological and pharmacological treatment, 
followed by surgical intervention, and finally joint replacement. Specific indications for the 
timing of total knee replacement surgery are not clearly defined, nor evidence based. The 
decision is generally based on pain and restrictions in performance, despite adequate use 
of medication. Radiographic damage is merely used to exclude other underlying problems 
and to show a certain degree of damage 

3, 4
. This thesis shows that radiographic 

characteristics (K&L grading, osteophyte scores and joint space narrowing) have a clear 
relationship with the actual damage in end-stage OA patients as shown by histology 
(chapter 4). Most importantly, clinical parameters do not relate to any of the actual 
structural damage or synovial inflammation parameters. Actual joint damage, evaluated 
by radiographs, in combination with age and baseline pain appears to be a good predictor 
for outcome of replacement surgery (chapter 3). Further studies are needed to verify 
these predictors. Possibly additional characteristics such as changes in bone can be added 
as predictors and improve the predictive ability. Systemic (serum) adipokines appeared 
not to be useful as a predictor of actual cartilage damage, but were in a limited way 
related to synovial tissue inflammation (chapter 5). 
 
Two thirds of the patients selected for replacement surgery have no adequate pain 
medication (only occasionally paracetamol; chapter 2). These patients, or at least a 
significant part of them, showed benefit from a 4 to 6 week period of adequate pain 
medication. A better selection of the patients based on optimal exploration of medication 
and using radiographic joint damage as an important predictor may postpone 
replacement surgery for a significant number of patients. 
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Properly designed multi-centre studies evaluating medication use prior to joint 
replacement and the response to medication in case of inadequate medication, as well as 
clinical outcome, may improve prediction and timing of surgery. 
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Celecoxib as a DMOAD; pilot study versus randomized clinical trials versus the literature 
At present there is no disease modifying osteoarthritic drug (DMOAD) approved by the 
FDA in the US. In Europe the EMEA approved glucosamine sulphate as disease modifying. 
However, DMOAD activity of glucosamine sulphate is rather controversial 

31
. 

 
Based on previous in vitro work of our group (Thesis SC Mastbergen, 2005) a pilot trial was 
performed. This study demonstrated DMOAD activity of celecoxib in contrast to the 
conventional non-steroidal anti-inflammatory drug (NSAID) indomethacin (chapter 6). 
Subsequently a more elaborate randomized powered clinical trail on the effects of 
celecoxib was performed (chapter 7). Unfortunately the randomized powered, controlled, 
observer blinded, trial could not reproduce the results from the pilot trial using a similar 
protocol. 
 
Possibly, the results from the pilot trial are biased by group size and the partially 
unblinded approach. This could very well be the case. An interim analysis of the 
randomised trial by someone not involved in patient recruitment and evaluation or in any 
of the biochemical and histological analyses, demonstrated a beneficial effect of celecoxib 
confirming the pilot study (chapter 6). Thus the outcome of this interim analysis with only 
a limited number of patients included and analysed was misleading. When properly 
powered at the end of the study effects were not as evident anymore. 
 
Several in vitro and animal in vivo studies demonstrated or at least suggested DMOAD 
potential of celecoxib (summarised in chapter 8). Only a limited number of (four) human 
in vivo studies have been reported on. These studies showed evidence that celecoxib has 
chondroprotective properties. In the studies of Alvarez 

27
 and Moreno-Rubio 

28
 the 

outcome used (mRNA analyses; molecular) is even more sensitive than our study 
(biochemistry and histochemistry) to detect changes in the cartilage collected from only a 
limited number of patients treated for 3 months prior to replacement surgery. Both the 
more sensitive technique and the longer treatment period may have enabled detection of 
DMOAD related activity. However, these studies used only a small number of patients (15 
and 10 with celecoxib in both studies, respectively), which could have contributed in the 
false positive result. Further studies using a larger number of patients should be 
performed to confirm these results. 
 
The other two human in vivo studies used cartilage volume loss evaluated by quantitative 
MRI as outcome show conflicting results. Raynauld 

32
 found no difference when cartilage 

volume loss was compared to that of a historical control cohort in patients who were 
treated with standard care conditions in a 12 months treatment period. The negative 
result may be explained by the limited sensitivity of the quantitative MRI technique. 
Moreover, these results are in contrast with the findings of the study by Ding 

33
 where 40 

celecoxib users over almost 3 years demonstrated more cartilage volume on quantitative 
MRI than 21 conventional NSAID users and 334 non-users. The duration of treatment was 
significantly longer, providing a time span that should have been able to detect volume 
differences of cartilage by MRI in case of clinically relevant DMOAD activity. However, also 
this study hampers significantly in its design, being a cross-sectional MRI evaluation in a 
randomly selected population with retrospectively gathered data on NSAID use. 
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Based on our results demonstrating minor DMOAD activity of celecoxib, in the context of 
results from the other reported human in vivo studies (some demonstrating cartilage 
repair activity) and all in vitro and animal in vivo data a DMOAD (related) activity can not 
be ruled out, but can not unambiguously be supported neither. 
 
This thesis demonstrates that end-stage knee osteoarthritis patients are very different in 
their demographic, radiographic, and actual joint tissue characteristics. It also 
demonstrates that part of the patients undergoing total knee replacement surgery could 
have delayed their surgery if they had used adequate pharmacological therapy and proper 
selection based on radiographic damage. Celecoxib might be treatment of choice although 
DMOAD activity is not unambiguously proven. 
 
Based on all the results from this thesis, I advocate a properly designed multi-centre study 
using the in vivo/ex vivo approach evaluating medication use prior to joint replacement 
and the response to at least 3 months of celecoxib treatment in case of inadequate 
medication, as well as clinical outcome afterwards. This will help to improve the prediction 
and timing of surgery and will help to demonstrate celecoxib to be a DMOAD (or not). 
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Artrose 
Artrose is de meest voorkomende degeneratieve aandoening van de gewrichten in 
mensen van middelbare leeftijd en ouder. De ziekte wordt gekenmerkt door pijn en 
stijfheid, met als gevolg een verminderde functie van het aangedane gewricht. Daarbij kan 
er ontsteking voorkomen die leidt tot een toename van pijn en zwelling van het gewricht. 
Artrose kan in principe in alle gewrichten voorkomen, maar de meest aangedane 
gewrichten zijn die van heupen, knieën, rug, handen en voeten. 
 
Er zijn verschillende risicofactoren voor het ontstaan en het verergeren van de ziekte 
gevonden. De belangrijkste daarvan zijn toenemende leeftijd en overgewicht. Hoe ouder 
een persoon wordt, hoe groter de kans dat die persoon schade aan zijn gewricht heeft 
opgelopen en hoe slechter het herstellend vermogen van de weefsels is, met artrose als 
gevolg. Overgewicht kan zowel door overbelasting als door middel van metabole factoren 
uit het vetweefsel bijdragen aan het ontstaan en verergering van de aandoening. 
 
Ontwikkeling van artrose 
Gewrichten zijn scharnierpunten van het benige skelet en bestaan uit botuiteinden bedekt 
met kraakbeen. Naast de vorm van het gewricht, zorgen gewrichtskapsel, banden en 
spieren voor de stabiliteit en bewegingsmogelijkheden. Wanneer er zich klachten 
voordoen kenmerkend voor artrose zijn er vaak een aantal veranderingen in het gewricht 
die op röntgenfoto’s zichtbaar gemaakt kunnen worden. Er treedt een versmalling op van 
de gewrichtspleet (de afstand tussen beide botuiteinden) welke een afname van 
kraakbeendikte weergeeft. De botuiteinden onder het kraakbeen vertonen een toename 
van botdichtheid: sclerose. Daarnaast ontstaan er botuitstulpingen aan de randen van het 
gewricht, zogenaamde osteofyten. 
 
Bij artrose is er niet alleen een afname van de hoeveelheid kraakbeen maar de 
samenstelling van het kraakbeen verandert ook. Kraakbeen bestaat uit collageen, en 
proteoglycan moleculen en voor 80% uit water. Een collageen netwerk zorgt voor de 
stevigheid en proteoglycanen voor de elasticiteit van het kraakbeen. Bij artrose is er een 
beschadiging van het kraakbeenoppervlak en ontstaan er scheurtjes in het weefsel. Het 
collageen netwerk wordt verbroken en vervolgens verliest het kraakbeen proteoglycanen. 
Hiermee raken de mechanische karakteristieken die voor een goed functionerend 
gewricht zo belangrijk zijn verloren. 
 
Vroeger werd artrose voornamelijk gezien als een ziekte van het kraakbeen, die ontstaat 
door veroudering en slijtage van het kraakbeen oppervlak. Tegenwoordig is het duidelijk 
dat het een ziekte is van het hele gewricht, waarbij alle weefsels van het gewricht een rol 
spelen. 
 
Behandeling 
Tot op heden is er geen genezing van artrose mogelijk. De behandeling is daarom gericht 
op de symptomen van de ziekte, zoals het verminderen van pijn, verminderen van de 
functie beperking en het vertragen van de schade in het gewricht. Richtlijnen van 
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internationale organisaties zoals de OARSI, ACR, EULAR en NICE schrijven hiervoor 
allemaal een combinatie van zowel medicamenteuze als niet-medicamenteuze 
behandelingen voor. Deze combinatie kan verschillend zijn voor elke individuele patiënt, 
maar bestaat over het algemeen uit verschillende stappen (of combinaties van stappen) 
gedurende het ziekte proces. 
 
Niet medicamenteuze behandeling van de patiënt bestaat vaak uit voorlichting van 
patiënten, wijzigingen in levensstijl, gewichtsverlies, regelmatig bewegen, fysiotherapie en 
het gebruik van orthopedische hulpmiddelen. Medicamenteuze behandeling van de 
patiënt bestaat uit het gebruik van paracetamol en andere pijnstillende middelen, en 
ontstekingsonderdrukkers zoals ((NSAIDs), coxibs en intra-articulaire glucocorticoiden). 
 
Als bovenstaande behandelingen niet of onvoldoende verlichting van de pijn en behoud 
van functie geven, dan kan worden overgegaan tot chirurgische behandeling. 
Verschillende behandelingen zijn mogelijk: Stimulatie van het onder het kraakbeen 
gelegen bot is een veel gebruikte methode maar leidt niet altijd tot verlichting van de 
klachten. Osteotomie kan toegepast worden om de belasting in het gewricht beter te 
verdelen maar kan alleen in specifiek gevallen worden toegepast. Gewrichtsdistractie is 
een zeer veel belovende techniek in ontwikkeling die mogelijk tot weefsel herstel leidt. 
Maar uiteindelijk kan in het eindstadium van de ziekte gekozen worden voor een 
gedeeltelijke of volledige vervanging van het gewricht met een prothese. Deze laatste 
methode is bij knie artrose een effectieve manier om te pijn te verlichten voor de patiënt. 
Een prothese staat echter bloot aan slijtage en loslating, waardoor een revisie operatie 
nodig kan zijn. Vooral in de jongere en meer actievere patiënt is de kans op een revisie 
operatie groot. De uitkomst van een dergelijke revisie operatie is veel minder gunstig dan 
de eerste knie vervangende operatie. En hoewel de knie vervangende operatie een 
kosteneffectieve operatie is voor de behandeling van eindstadium artrose, is het geen 
genezing van de ziekte. Bovendien neemt het aantal gewrichtsvervangende operaties 
exponentieel toe, o.a. door de vergrijzing van de bevolking en de sterke toename in 
overgewicht. Daarom is er een grote vraag naar behandelingsmethoden voor artrose, die 
een prothese (langdurig) kunnen uitstellen. 
 
Dit proefschrift 
Het doel van mijn proefschrift is om meer inzicht te krijgen in de kenmerken van patiënten 
met eindstadium artrose die op het punt staan om een knie vervangende operatie te 
ondergaan. Dit onderzoek bestaat uit twee delen. Het eerste deel behandeld de 
verschillende karakteristieken van patiënten met artrose die in aanmerking komen voor 
een knie prothese, het gebruik van medicatie bij deze patiënten, en mogelijke markers die 
de daadwerkelijke schade en ontsteking in het gewricht kunnen beschrijven. Het tweede 
deel spitst zich toe op de eventuele weefsel (en in het bijzonder het kraakbeen) 
beschermende/herstellende effecten van celecoxib in de behandeling van patiënten met 
artrose. 
 
Het lijkt logisch dat alle behandelingsmogelijkheden zijn overwogen/geprobeerd voordat 
er wordt besloten om een knie te vervangen met een prothese. Ook mag men aannemen 
dat er duidelijke (op wetenschappelijk bewijs gebaseerde) criteria bestaan voor het 
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optimale moment voor een knie vervangende operatie. In hoofdstuk 2 zijn de klinische 
besluitvorming richting een knie vervangende operatie bestudeerd. Er bestaat een 
algemene richtlijn voor de timing van een knie vervangende operatie, maar in de praktijk 
hangt het besluit tot opereren af van de hoeveelheid pijn, bewegingsbeperking en de 
schade op de röntgenfoto in combinatie met een aantal persoonlijke kenmerken van de 
patiënt. Dit proefschrift laat zien dat de meeste mensen die op de wachtlijst staan voor 
een knie vervangende operatie behoorlijk veel pijn en beperking ondervinden door hun 
ziekte. Verrassend genoeg gebruikt het grootste deel van deze patiënten weinig tot geen 
pijn medicatie. In het jaar voor hun knie vervangende operatie gebruikte de helft helemaal 
geen medicatie of zo nu en dan paracetamol. Onderzoek in een ander Nederlandse 
ziekenhuis laat zien dat ook daar 81% van de patiënten met heup en/of knie artrose 
onvoldoende conservatieve behandeling heeft ondergaan. Men kan als argument 
aandragen dat deze observaties eenzijdig zijn, omdat het slechts gaat om kleine groepen 
patiënten van losse orthopedie afdelingen in de perifere ziekenhuizen in Nederland. Maar 
een recent gepubliceerde grote internationale studie laat vergelijkbare resultaten zien. Op 
basis van een Amerikaanse database met daarin de gegevens van de 
gezondheidsverzekeringsclaims van 15.000 patiënten blijkt dat slechts iets meer dan de 
helft van de patiënten die een knie vervangende operatie ondergaan een NSAID hebben 
gebruikt. Daaruit concluderend heeft bijna de helft van de patiënten geen NSAID gebruikt 
in de twee jaar voor hun knie vervangende operatie. Bovenstaande gegevens illustreren 
het denkbeeld van experts in het vakgebied dat artsen onvoldoende conservatieve 
behandelingsopties voorschrijven bij patiënten met ernstige artrose. Een goed argument 
daarvoor kan zijn dat patiënten niet meer (voldoende) reageren op pijn medicatie. Echter 
dit blijkt niet het geval te zijn omdat patiënten in mijn studie met onvoldoende 
pijnmedicatie die daarna dagelijks NSAIDs gingen gebruiken klinisch gezien significant 
verbeterden. Ongeveer een derde van die patiënten kon zelfs na zes weken geclassificeerd 
worden als een ‘klinische responder’ volgens strikte criteria, dit in tegenstelling tot de 
patiënten die geen pijnmedicatie gebruikten. 
 
Organisaties zoals de OARSI, ACR, EMEA en EULAR hebben allemaal richtlijnen opgesteld 
voor de behandeling van artrose wat betreft het optimale gebruik van medicatie. Maar 
klaarblijkelijk zijn deze richtlijnen niet optimaal geïmplementeerd in de dagelijkse praktijk. 
Deze discussie werd zelfs relevanter toen het klinische resultaat van de knie vervangende 
operatie werd geëvalueerd in hoofdstuk 3. Anderhalf jaar na de knie vervangende 
operatie werd aan patiënten gevraagd of ze de operatie weer hadden ondergaan met de 
kennis die ze op dat moment bezaten. Deze evaluatie laat zien dat 13% van de behandelde 
patiënten de operatie niet zou hebben ondergaan als ze het resultaat hadden geweten. 
Wanneer het werkelijke klinische resultaat gebaseerd op Western Ontario and McMaster 
Universities (WOMAC) vragenlijsten werd geëvalueerd kon slechts de helft van patiënten 
als een ‘klinische responder’ worden geclassificeerd (50% verbetering op WOMAC pijn 
en/of WOMAC functie, of 20% verbetering op zowel WOMAC pijn als WOMAC functie). 
Patiënten met de meeste gewrichtsschade volgens de Kellgren & Lawrence score (K&L) op 
de röntgenfoto hebben de meeste baat bij een knie vervangende operatie. Ook een 
relatief jongere leeftijd (<65 jaar) en ernstigere pijn voor de operatie lijken positieve 
voorspellers voor een goed resultaat. Wanneer deze voorspellers van een goed resultaat 
meewegen in het besluit tot een knie vervangende operatie resulteert dit in een beter 
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klinisch resultaat en patiënttevredenheid. Op basis van deze voorspellers kon voor een 
aantal patiënten in ons cohort die een knie vervanging hebben ondergaan, voorspeld 
worden dat de kans op een goed resultaat onder de 20% lag. Voor het daadwerkelijk 
gebruik van deze combinatie aan voorspellers in de klinische praktijk moet dit geverifieerd 
worden in een grotere groep patiënten. 
 
Het is duidelijk dat goed ontworpen gerandomiseerde en gecontroleerde trials uitgevoerd 
dienen te worden om het mogelijke effect van voldoende pijn medicatie bij patiënten met 
eindstadium artrose verder te onderzoeken. Prospectieve lange termijn observationele 
studies in meerdere centra zijn nodig om een goede set van voorspellers samen te stellen 
voor het succes van een knie vervangende operatie. Met deze set voorspellers kunnen 
orthopedische chirurgen vervolgens een besluit nemen over welke patiënt een knie 
vervangende operatie echt nodig heeft en welke patiënt beter op een andere manier 
geholpen kan worden. Hoofdstuk 3 beschrijft dat de gewrichtsschade gebaseerd op de 
K&L score een relevante voorspeller is voor het succes van een knie vervangende operatie. 
Daarom is in hoofdstuk 4 gekeken in hoeverre de radiologische gewrichtsschade 
gebaseerd op de K&L score daadwerkelijk de schade in het gewricht weergeeft. De K&L 
score is een gecombineerde score gebaseerd op verschillende componenten, waarvan 
osteofyt vorming en gewrichtsspleet vernauwing (kraakbeendikte vermindering) de meest 
belangrijke zijn. Score volgens de Altman atlas geeft ook een gewrichtsschade score op 
basis van een röntgenfoto, maar deze scoort de losse componenten apart. Wij vonden een 
duidelijk verband gevonden tussen radiologische kenmerken (K&L score, osteofyt vorming 
en gewrichtsspleet versmalling) en de daadwerkelijke kraakbeenschade in patiënten met 
eindstadium knie artrose. 
 
Naast de leeftijd van de patiënt is overgewicht ook een belangrijke risicofactor voor het 
ontstaan van artrose. Naast de extra belasting van de gewrichten die overgewicht tot 
gevolg heeft zijn er ook metabole factoren die vrijkomen uit het vetweefsel die een rol 
spelen bij artrose. Vetweefsel wordt gezien als endocrien weefsel dat cytokines (IL-1β en 
TNFα) en adipokines (adiponectine, leptine en resistine) vrijgeeft. Betrokkenheid van deze 
stoffen bij artrose is in de literatuur beschreven, maar het exacte werkingsmechanisme 
blijft onduidelijk. In hoofdstuk 5 zijn de serum adipokine levels in artrose patiënten 
vergeleken met gezonde controles. Daaruit komt duidelijk naar voren dat adipokine levels 
in de artrose patiënten hoger zijn in vergelijking met  een controle groep zonder artrose. 
In de patiënten groep met artrose is tevens een duidelijke relatie gevonden tussen de 
serum concentraties van adiponectine en resistine met de leeftijd, en tussen leptine en 
adiponectine serum concentraties met de BMI. Daarnaast lieten de adipokines een 
associatie zien met de ontsteking in de artrose patiënten maar opvallend genoeg maar 
zeer beperkt met de gewrichtsschade. Deze studie ondersteund toch de gedachte dat er 
een rol is weggelegd voor adipokines in het ziekteproces van artrose. Het exacte 
mechanisme blijft echter onduidelijk. 
 
Het eerste deel van dit proefschrift laat duidelijk zien dat gedegen ontworpen 
gerandomiseerde en gecontroleerde klinische trials nodig zijn om de effecten te 
bestuderen van voldoende pijn medicatie en het mogelijke uitstellen van een totale knie 
vervanging. Een belangrijke nieuwe aanpak in de behandeling van artrose is het zoeken 
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naar medicatie die niet alleen de symptomen van artrose behandelen, maar die ook de 
weefselschade kunnen voorkomen en mogelijk herstellen (ziekte modulerende medicatie). 
Tot op heden zijn er nog geen ziekte modulerende medicijnen geregistreerd bij de FDA 
(Americaanse Food and Drug Administration). In Europa heeft de EMEA (European 
Medicines Agency) glucosamine sulfaat geregistreerd als ziekte modulerend voor de 
behandeling van artrose, maar de ziekte modulerende eigenschappen van glucosamine 
sulfaat staan echter ter discussie. 
 
Onze onderzoeksgroep heeft een grote hoeveelheid in vitro bewijzen verzameld voor de 
mogelijke ziekte modulerende eigenschappen van celecoxib (Celebrex). Deze studies laten 
zien dat celecoxib positieve effecten heeft op de proteoglycaan turnover in artrotisch 
kraakbeen. Het verlies van proteoglycanen worden verminderd en de nieuw gevormde 
proteoglycanen worden beter vastgehouden in het kraakbeen. Evaluatie van kraakbeen in 
een humane klinische trial is erg lastig. Veranderingen in het kraakbeen zijn relatief 
langzaam en de veranderingen van het kraakbeen kunnen nog niet voldoende zichtbaar 
worden gemaakt met de huidige beeldvormende technieken zoals röntgen en MRI noch 
met gebruik van biochemische markers. Daarom is er in hoofdstuk 6 voor een benadering 
gekozen waarin de voordelen van een klinische behandeling gecombineerd konden 
worden met gedetailleerde biochemische analyse van het kraakbeen zoals dat bij in vitro 
experimenten gebeurd. Dit hoofdstuk beschrijft de effecten van celecoxib vergeleken met 
de vaak gebruikte NSAID indomethacine. Patiënten zijn kort voor hun knie vervangende 
operatie relatief kortdurend behandeld met celecoxib of indomethacine. Met behulp van 
ex vivo biochemische technieken is het kraakbeen dat beschikbaar kwam bij de knie 
vervangende operatie onderzocht op weefsel modulerende effecten van de medicatie. De 
resultaten van deze pilot studie laten zien dat er positieve effecten van celecoxib op 
kraakbeen zijn, in tegenstelling tot de neutrale tot negatieve effecten van indomethacine. 
In vergelijking tot patiënten die niet werden behandeld lieten de patiënten die behandeld 
zijn met celecoxib een positief effect zien op de proteoglycaan synthese, - release, en - 
gehalte, waarmee de in vitro resultaten worden bevestigd. In de groep patiënten die 
werden behandeld met indomethacine werden geen significante verschillen gevonden in 
vergelijking met de onbehandelde groep, er werden zelfs een lagere proteoglycaan 
gehalte en - synthese gevonden. Met behulp van deze nieuwe aanpak was het mogelijk 
om in vivo een positief effect op het kraakbeen te laten zien van celecoxib in patiënten 
met eind stadium artrose. Uit dit hoofdstuk kan dan ook de conclusie getrokken worden 
dat dit positieve effect op het kraakbeen in het achterhoofd gehouden moet worden, 
naast alle risico’s, wanneer er NSAIDs voor de langere termijn worden voorgeschreven bij 
de behandeling van artrose. 
 
De resultaten van de pilot studie vormden vervolgens de basis voor een groter opgezette 
prospectieve, gerandomiseerde, waarnemer geblindeerde, klinische trial. Naast de schade 
in het kraakbeen werd in deze trial ook in meer detail gekeken naar de ontsteking van het 
synovium en de klinische kenmerken van de patiënt. Als vergelijkend medicijn werd in 
deze trial gekeken naar naproxen. De resultaten van deze studie zijn beschreven in 
hoofdstuk 7. De proteoglycaan release in het kraakbeen was in deze studie enigszins, 
maar niet statistisch significant verlaagd in de groep die met celecoxib werd behandeld. 
Daarnaast werd ook een beperkte remming van de synoviale ontsteking gezien op basis 
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van specifieke ontstekingsmoleculen. Ook klinisch gezien lieten de patiënten met 
celecoxib een verbetering zien, maar de effecten waren slechts beperkt. Hoewel de 
positieve effecten duidelijk veel minder uitgesproken waren dan in de pilot studie. werden 
ook geen negatieve effecten gezien. De veelbelovende resultaten van de pilot studie 
konden echter niet bevestigd worden met deze gerandomiseerde klinische trial. Daarom 
moet de conclusie getrokken worden dat celecoxib minder duidelijke ziekte modulerende 
effecten heeft in artrose dan eerder geconcludeerd werd en dat randomisatie, blindering 
en omvang van de patiënten groep, in dergelijke studies heel belangrijk zijn. 
 
Door deze tegenstrijdige resultaten hebben we in hoofdstuk 8 een uitgebreid overzicht 
van de literatuur gegeven over de effecten van celecoxib in de behandeling van artrose. 
Ondanks dat celecoxib al langer dan 10 jaar is goedgekeurd voor de behandeling van 
artrose, zijn er maar weinig studies die de ziekte modulerende effecten van celecoxib 
hebben bestudeerd. Het is wel aangetoond dat celecoxib een effect heeft op alle 
structuren die meespelen in het ziektebeeld van artrose: kraakbeen, bot en synovium. 
Naast remming van COX-2, bestaat er ook bewijs dat celecoxib via een COX-2 
onafhankelijke route een effect heeft op de ziekte. Deze resultaten laten zien dat 
celecoxib meer lijkt te zijn dan anti-inflammatoire pijnmedicatie. De vraag of celecoxib als 
een ziekte modulerende medicatie gezien kan worden blijft een relevante vraag. De 
positieve effecten op kraakbeen, remming van synoviale hyperplasie en bot erosie in 
zowel in vitro als in vivo (voornamelijk dier) experimenten, ondersteunen het idee dat 
celecoxib maar mogelijk evengoed (alle) andere coxibs, wellicht de voortgang van artrose 
in mensen kan vertragen. 
 
Conclusies van dit proefschrift 
In dit proefschrift is gebruik gemaakt van een unieke opzet van de studie, waarin 
patiënten in vivo behandeld worden voor een relatief korte periode voordat ze een knie 
vervangende operatie ondergaan. Vervolgens kunnen de verschillende weefsels in de knie 
in detail onderzocht worden als het materiaal vrijkomt bij de knie vervangende operatie. 
Met deze opzet hoeven er geen zeer lange klinische trials uitgevoerd te worden om de 
effecten van medicatie te kunnen meten. Goed ontworpen studies die gebruik maken van 
deze in vivo/ex vivo aanpak met een langere behandeling voor de knie vervangende 
operatie dan we in dit proefschrift hebben gedaan, zouden kunnen leiden tot de 
ontdekking van de daadwerkelijke ziekte modulerende effecten van behandeling. 
 
Op dit moment is de knie vervangende operatie de gouden standaard voor de behandeling 
van eindstadium artrose. Deze behandelingsmethode lijkt erg effectief te zijn in het 
verminderen van pijn en het verbeteren van de functie, maar gaat ten koste van het eigen 
gewricht. De precieze timing van de knie vervangende operatie is onduidelijk, en wordt 
voornamelijk gebaseerd op de combinatie van beperkingen die de patiënt ondervind van 
de ziekte en de schade die op een röntgenfoto zichtbaar is. Dit proefschrift laat ook zien 
dat ongeveer twee derde van de patiënten die een knie vervangende operatie ondergaat 
geen of onvoldoende medicatie gebruikt in het jaar voor de operatie. Deze groep 
patiënten, in ieder geval een deel van hen, laat zien dat ze alsnog baat hebben bij een 
behandeling met goede pijnmedicatie. Deze resultaten laten zien dat goed ontworpen 
studies die kijken naar het gebruik van medicatie door patiënten en de verschillende 
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karakteristieken van patiënten die een knie vervangende operatie ondergaan kunnen 
leiden tot een betere voorspelling van het klinisch resultaat en betere timing van de knie 
vervangende operatie. 
 
De resultaten van een pilot studie en een grotere klinische trial naar de ziekte 
modulerende effecten van celecoxib in de behandeling van artrose zijn in dit proefschrift 
gepresenteerd. Helaas kunnen de resultaten van de klinische trial niet onomstotelijk de 
resultaten van de pilot studie bevestigen, terwijl beide studies van een zelfde methode 
gebruik maken. Gebaseerd op deze feiten en de resultaten van in vitro studies en in vivo 
studies van andere groepen, kunnen de ziektemodulerende effecten van celecoxib niet 
uitgesloten worden maar tegelijkertijd kunnen ze ook niet onomstotelijk bewezen 
worden. 
 
Daarnaast laat dit proefschrift zien dat mensen met eindstadium artrose enorm 
verschillen in hun demografische en radiologische kenmerken en de daadwerkelijke 
schade in hun gewricht. Het laat ook zien dat patiënten die een knie vervangende operatie 
ondergaan hun operatie eventueel hadden kunnen uitstellen als ze voldoende pijn 
medicatie hadden gebruikt, of als er andere selectie criteria gebaseerd op radiologische 
schade waren toegepast. 
 
Gebruik van voldoende medicatie vóór gewrichtsvervanging, de juiste markers voor de 
voorspelling van effectiviteit van gewrichtsvervanging en onderzoek naar ziekte 
modulerende medicatie om gewrichtsvervanging uit te kunnen stellen zijn van groot 
belang voor verbetering van de behandeling van patiënten met ernstige artrose. 
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Dankwoord 
 
En als laatste dan nog het dankwoord… Een plek om iedereen te bedanken voor hun hulp 
en steun in de afgelopen jaren bij het tot stand komen van dit proefschrift. 
 
Mijn promotoren en co-promotoren: 
Floris, prof. F.P.J.G. Lafeber, mijn eerste promotor. Van co-promotor in het begin, naar 
promotor nu. Afgelopen 4 jaar is een periode geweest met pieken en dalen. We waren het 
niet altijd eens met elkaar en dat heeft wel eens tot een botsing geleidt. Maar ik wil je 
vanaf deze plek bedanken voor alles dat ik van je heb geleerd. Als ik het even niet meer 
zag zitten met de studie wist je er toch weer een draai aan te geven die ertoe geleid heeft 
dat dit proefschrift er nu ligt.  
Hans, prof. dr. J.W.J. Bijlsma, mijn tweede promotor, reumatoloog in hart en nieren. 
Bedankt voor het bewaren van het overzicht in het geheel. Je klinische kijk op de studie 
heeft ervoor gezorgd dat het onderzoek en daarmee dit proefschrift nog beter is 
geworden dan dat het al was.  
 
Simon, mijn eerste co-promotor, bedankt dat ik verder mocht gaan waar jij bent geëindigd 
met je proefschrift. Dank voor je veelzijdige hulp en begeleiding in de afgelopen jaren, 
bedankt dat je mij de basis van het kraakbeenwerk geleerd hebt, dat je klaar stond voor 
raad en advies wanneer ik dat nodig had, dat je me van huis haalde voor een presentatie 
toen ik op krukken liep en de gezellige uitstapjes buiten het lab om.  
Margriet, mijn tweede co-promotor, bedankt voor je nooit ophoudende enthousiasme. Je 
energie en je positiviteit hebben ervoor gezorgd dat de inclusie van de studie zo snel is 
gegaan. Daarnaast heb ik genoten van de etentjes in Rotterdam, heb ik elk jaar mogen 
genieten van je dichtkunsten met Sinterklaas, van je foto’s van de beelden die je hebt 
gemaakt en natuurlijk je zelfgemaakte kerstkaarten met je hele familie. Ik mocht altijd 
graag even om het hoekje van je kamer in het SFG kijken. Misschien moet ik dat 
binnenkort gewoon weer eens gaan doen… 
 
Alle mensen van het Sint Franciscus Gasthuis in Rotterdam:  
Als eerste wil ik alle patiënten van het Sint Franciscus Gasthuis bedanken die deel hebben 
genomen aan de klinische trial waar dit proefschrift op gebaseerd is. Zonder hun 
toestemming en medewerking aan dit onderzoek was dit proefschrift er nooit gekomen.  
 
Yvonne en Bea, de intake verpleegkundigen. Jullie waren het eerste contact voor de 
patiënten. Jullie hebben ze mogen vertellen van de studie waar ze aan mee konden doen. 
Jullie enthousiasme heeft ervoor gezorgd dat zoveel patiënten de eerste stap richting de 
trial hebben gemaakt. Ik wil jullie vanaf deze plek dan ook enorm bedanken voor al het 
werk dat jullie voor mij hebben gedaan. We moeten snel weer eens bijkletsen onder het 
genot van een kopje koffie! 
 
Ook wil ik alle andere verpleegkundigen bedanken van de poli Orthopedie, poli 
Reumatologie en de verpleegafdeling Orthopedie. Bedankt voor het soepel laten verlopen 
van alle logistiek rondom de trial. Voor de opslag van de botpotten in de gipskamer, het 
op tijd meegeven van een set botpotten aan de juiste orthopeed, voor het regelen en 
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bewaren van alle bloedbuizen en potjes urine, en voor de uiteindelijke zorg van al die 
patiënten die mee hebben gedaan met de trial. Dat ik me daar geen zorgen om hoefde te 
maken, maakte mijn werk een stuk makkelijker.  
 
En natuurlijk niet te vergeten: de orthopeden van het SFG! Roland Klein Nagelvoort, Frido 
Gerard, Ad Bergkamp, Sorin Blendea en Bryan Chander, en Astrid Polak in het bijzonder. 
Zonder jullie operatie kunsten hadden deze patiënten nooit geopereerd kunnen worden. 
Ik wil jullie bedanken voor al jullie werk en de moeite die jullie hebben willen nemen door 
het materiaal dat bij de operaties vrij is gekomen aan mij mee te geven voor het 
onderzoek.  
 
Alle mensen van het UMC Utrecht:  
En ook dichter bij huis zijn er veel mensen die ik wil bedanken voor hun steun en hulp. 
 
Als eerste de postdocs op Q! Anne Karien jouw hulp was onmisbaar voor het oplossen van 
de vraagstukken rondom de METC aanvraag en het EUdraCT formulier. Joel, jij was de 
aangewezen persoon voor de immunologische kijk op dingen en dat heeft het review 
artikel zeker beter gemaakt. Paco, man van de epidemiologie. Bedankt dat je me hebt 
kunnen helpen een weg te vinden in de wereld van statistiek en SPSS.  
 
En dan alle (oud-)AIO’s: Wat is de groep toch groot geworden in de afgelopen 4 jaar! Het is 
wel jammer dat we nu niet meer met zijn allen op een kamer zitten, maar over het hele 
ziekenhuis verspreidt. Het is er met alle mensen wel erg gezellig op geworden, ook al 
wordt het inmiddels wel erg lastig om een AIO etentje of ander uitje samen te plannen. 
Volgende keer misschien maar een datumprikker gebruiken in plaats van die reply-to-all 
mailbom!? 
 
Nathalie, mama van Merlijn en kraakbeen-queen van het begin. Soms mis ik die extra bron 
van informatie wel eens. Sarita, paars is toch echt het nieuwe zwart! Ik ben wel blij dat ik 
zo nu en dan op die lange avonden op het lab nog iemand had waar ik mee kon kletsen. 
Dank daarvoor! Femke, verse mama en orthopeed in opleiding. Je hebt een aardige lawine 
aan telefoontjes veroorzaakt na je promotie, maar knie distractie staat nu wel op de kaart 
met Utrecht als het centrum van de wereld. Marije, mede AIO, maar ook mede-Fries, het 
is toch wel raar om midden in Utrecht te fietsen en weer Fries te praten als je normaal in 
het Nederlands met elkaar spreekt. Jos, heerlijk om zo nu en dan te zien hoe alles gaat op 
de typische Jos-manier. Houd dat vol, want dat kenmerkt je als een goed arts. Met mijn 
knie is het uiteindelijk goed gekomen, en met de promotie zit het ook wel goed! Margot, 
expert van de röntgenfoto’s en KIDA en natuurlijk van de epidemiologie. Gaan we toch 
nog bijna op dezelfde dag promoveren! Alvast heel veel succes tijdens je verdediging! 
Angela, heerlijke chaoot. Het zat je niet echt mee in de USA, maar jij geeft iedereen wel 
lekker het nakijken met je nieuwe baan als klinisch chemicus. Marlies, eerst tegenover me 
op D, en nu nog even heel kort kamergenootjes op Q! Ik ben blij dat ik zo nu en dan even 
mijn hart bij je kon luchten. Soms heb je gewoon even een luisterend oor nodig! Erwin, 
mister biomarker en SUMMA arts. Publiceren blijft lastig, maar je hebt al die ELISA’s 
overleefd, dus die paar uurtjes achter je PC gaan ook nog wel lukken. Monique, de 
grootverbruiker in bloeddonoren. Ik ben stiekem best een beetje jaloers op je toekomst 
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plannen. Mag ik mee in jullie koffer als jullie naar NZ gaan? Karen, de nieuwe orthopeed-
to-be. Na die hobbel die de METC heet, weet ik zeker dat je onderzoek een groot succes 
gaat worden! Laurens, papa en arts. Je enthousiasme voor het onderzoek vind ik 
geweldig! Straks mag je weer de kliniek in en verder met je grote passie: arts zijn! 
Frederique, zullen weer terug gaan naar Atlanta en cocktails gaan drinken bij het Hardrock 
café of even lekker uitwaaien op het dakterras van het Hilton? Sandhya our colleague 
from India, thank you for teaching us Bollywood dancing. (And I know you are going to be 
a wonderful mommy!) Maud, bedankt voor het mee helpen zoeken voor mijn eventuele 
volgende baan. En jullie feestje in september was echt geweldig! Zullen we nog een 
avondje gaan dansen? Maarten, de nieuwste man in de groep AIO’s. Ook jouw onderzoek 
gaat lukken, nog even volhouden!  
Ik ga jullie missen! Misschien dat we nog een keertje af kunnen spreken bij iemand thuis, 
in de Basket, in Thialf of Amsterdam… 
 
Ik wil ook de overige mensen van het lab bedanken: Marieke, Marion, Kim, Angelique, 
Karin, Arno, Dorien, Marjolein en Katja. Bedankt voor al jullie hulp in de afgelopen jaren bij 
de immuunhistochemie, het vele kraakbeenwerk, de ELISA’s en radioactieve assays en zo 
nu en dan een praatje. Zonder jullie hulp waren al die experimenten nooit binnen de 
afgelopen vier jaar gelukt.  
 
Mijn studenten, Sanne, Kitty en Maurice. Met jullie hulp heb ik uiteindelijk minder vaak 
een nacht op het ziekenhuis hoeven werken. Heel erg veel dank voor jullie helpende 
handen tijdens de trial.  
 
En dan mag ik een aantal andere mensen natuurlijk ook niet overslaan:  
Willemijn, mijn dank is groot voor je meedenk werk. Een andere blik op dingen helpt soms 
enorm om een studie te verbeteren. Ik ben ook enorm blij geweest met je input op de 
verschillende stukken waar je nog een keer naar gekeken hebt. Ik denk dat mijn werk er 
dat beetje leesbaarder van is geworden wat het nodig had! 
Manon en Mirelle, bedankt voor jullie werk bij twee van de hoofdstukken in dit 
proefschrift. Zonder jullie hulp was het allemaal een stuk minder mooi geweest! 
Frank, Aad, Martijn en Willem van de pathologie. Zonder jullie hulp zou ik een hoop werk 
niet gedaan kunnen hebben in de afgelopen jaren. Het laatste jaar ben ik niet meer zo 
vaak beneden geweest, maar ik kwam jullie zo nu en dan nog wel even tegen op de gang. 
Mijn dank voor de goede samenwerking! 
 
Familie en vrienden: 
Judith en Riny, mijn paranimfen. Ik ben blij dat jullie straks met mij voor de commissie 
staan. Ik weet dat jullie het maar moeilijke materie vinden en het soms wat lastig vinden 
om nu precies te begrijpen waar ik me mee bezig heb gehouden de afgelopen jaren. Ik heb 
straks de kennis wel in mijn hoofd, het maakt mij alleen een stuk zekerder dat ik jullie 
achter me heb staan als ik alle vragen mag gaan beantwoorden. 
 
Lieve vrienden: Diane, Judith, Gerda, Inge, Hendrik, Niels, Marleen, Evelien en Lisette. 
Voor jullie moet het best wel lastig zijn geweest in de afgelopen jaren. Soms was het best 
moeilijk uitleggen wat ik nu eigenlijk allemaal deed op het lab met die blokjes kraakbeen. 
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Afspreken was ook niet altijd even makkelijk met mijn onregelmatige werktijden. Maar 
voor nu is dat even over, en kunnen we weer gezellig afspreken zonder dat ik op het 
laatste moment weer eens af moet zeggen, omdat ik weer onverwacht moet werken in 
het weekend.  
 
En Lisette, voor jou speciaal nog een paar extra woorden: Ik zou graag willen dat iedereen 
een beetje van je positiviteit bezit. Toen iedereen zei dat het heel erg lastig ging worden, 
koos jij voor de moeilijkste en meest riskante weg. Je kreeg daarmee wel gelijk! We 
kunnen daardoor nu als groep nog even langer van elkaar genieten. En ik zeg het je nog 
een keer: Daar heb je vrienden voor!  
 
En Marco, voor jou ook speciaal nog een regel: Zonder jouw computerkennis was ik totaal 
verloren geweest! 
 
Natuurlijk sla ik mijn broers niet over! Broer Sjoerd (en Riny) fijn dat jullie deur altijd open 
staat voor een kop koffie. Ik mag dan straks gaan promoveren, maar jouw (jullie) nieuwe 
rol is nog een grotere stap in je (jullie) leven. Je bent een geweldige papa. Lotte treft het 
met jullie als ouders! En natuurlijk Egbert, ik blijf het mooi vinden dat we toch zo nu en 
dan een beetje eenzelfde route volgen in het leven. Die opleiding voor 
laboratoriumtechniek is het nooit geworden, maar je huidige werk past denk ik ook beter 
bij je! Bedankt ook nog voor je hulp bij het lezen van stukken en het maken van de omslag 
van dit proefschrift. 
 
Leave heit en mem. Foar jimme nog een stikje yn it Frysk. Ik bin bliid dat ik altiid op jim 
steun fertrouwe ha kinnen. Nei in ferhuzing nei Ingelân en werom, stiet jim lytse famke 
straks har wurk fan fjour jier te ferdedigjen foar de kommisje. Ik hoop dan ek dat jim krekt 
sa grutsk binne op it risseltaat as ik bin. 
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