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Abstract
Knee osteoarthritis (OA) is the most common joint disease. It affects about 12% of adults 60 years of age but its
prevalence is expected to rise. The incidence of OA increases with age but the disease can be stable for a long time
and could reactivate some years later. Diagnosis of OA is primarily based on history and physical examination and
on radiographic findings, including joint space narrowing (JSN), osteophyte formation and subchondral sclerosis. The
radiographic examination of involved joints is also useful in assessing the severity of the disease. However, considerable
discrepancy may exist between symptoms and the radiographic findings. The review gives proposed approaches to
define symptomatic, progressive and end-stage knee OA. It focuses on the available scoring methods and their various
advantages and disadvantages.
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Introduction
Osteoarthritis (OA) is the most frequent musculoskeletal joint
disorder. It is a major cause of pain and disability and the most
common indication of joint replacement surgery. Though knee OA is
most prevalent in general population, hip OA and hand OA are equally
disabling, especially in older people. For the purpose of epidemiologic
investigation, OA can be defined as a pathological process, development
of radiographic changes and last, but not least, as a sequence of clinical
symptoms.

Prevalence and Incidence of OA
Knee OA appeared to be the primary diagnosis of 430,000 hospital
discharges yearly in the United States [1]. The disease is strongly agerelated but gender-specific differences are also evident. In persons
younger than 50 years of age, the prevalence of OA is higher in men
but in older subjects women become much more frequently affected
[2]. The community-based analyses showed that both the prevalence
and incidence of OA increased 2 to 10-fold between 30 and 65 years
of age and continued to rise even later [3]. It has been estimated that
the prevalence of knee OA is 12% in adults 60 years of age or older
[4]. The number of people affected with OA is likely to increase. This
phenomenon is undoubtedly related both to the aging of population
and growing rate of overweight and obesity. OA is predicted to reach
30% of population older than 60 years of age by the year 2030 [5]. The
annual incidence rates of knee OA range from 2% to 4% [6,7].

Pathogenesis
OA is a disease with multifactorial provenience. All subjects
who have developed OA are probably affected by both genetics and
environmental factors with individually distributed predominance. It
has previously been reported that the risk of post-traumatic OA after
a meniscal injury of the knee is strongly affected by a family history of
OA, by the presence of generalized OA (like the nodal osteoarthritis of
the hand), by obesity, and by sex [8-10]. Many subjects with OA in one
joint have the disease at different stages in other joints. The condition
is usually expressed as a mixture of different features including
inflammation, osteophyte formation and cartilage loss. However, since
several of the environmental risk factors such as obesity, joint injury
and joint overload are of biomechanical nature, OA is primarily a
mechanical problem.
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Joint changes result usually from either abnormal mechanical
strains that affect healthy cartilage or from failure of pathologically
impaired cartilage that degenerates under the influence of physiological
mechanical strains. In the cases with mechanical origin, the pathology
is focal and not generalized.
In general, the disease occurs when the dynamic equilibrium
between the destruction and repair of joint tissues is impaired. The
degenerative process starts at joint cartilage level and is characterized
by a discrepancy between cartilage production and degradation. The
process is, however, not limited to cartilage alone but is considered as a
chronic disease of all joint tissues including subchondral bone, menisci,
ligaments, and per articular muscles [11]. It consequently leads to joint
instability and muscle weakness [12-14] that nowadays can be regarded
as early features of structural and functional joint failure [15].
In the natural course of OA, one can distinguish the symptomatic
phase, the radiographic stage and the end-stage that demands knee
replacement surgery.

Clinical Manifestation
When the joint failure begins, it is hard to say. At the beginning
the condition can be asymptomatic, but the later the structural joint
failure is characterized with disabling pain and joint dysfuction.
Clinical assessment of patients with joint symptoms allows evaluating
limitation in the range of movement, deformities and instability.
For assessment of joint function, symptoms and disability the
disease-specific and patient-related outcomes (PROs) have been
developed. In OA, the Index of Severity for osteoarthritis of the Knee
(ISK) [16], Western Ontario and McMaster Universities osteoarthritis
index (WOMAC) [17] and the Knee injury and Osteoarthritis Outcome
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Score (KOOS) [18,19] belong to those used most widely. PROs are not
sufficient for diagnosis but very suitable to follow the progression of
symptoms in clinical trials and for long-term assessment of effectiveness
of therapeutic interventions [20-22].

Radiographic knee OA
When OA is advanced, its features are visible on plain radiographs
which show narrowing of joint space (due to cartilage loss), osteophytes,
and sometimes changes in the subchondral bone. Confirmation of
radiographic changes with X-ray has long been considered as the
reference standard.
The most common method for radiographic evaluation of OA is the
osteophyte-based Kellgren-Lawrence (K/L) joint scoring system that
grades joint changes in five levels from 0 to 4 (where 0 corresponds to a
healthy joint) [23]. K/L grading defines OA by the presence of a definite
osteophyte (corresponding to grade ≥ 2) with minor focus on joint space
narrowing, bone sclerosis, cysts, and joint deformity [2,23]. However,
the interpretation was with time considered inadequate. Since there
was no consistency if grade 2 should be defined in terms of narrowing
of the joint space, the same patients could be defined as having and not
having OA [24-26]. Thus, scales that could more accurately describe the
disease were introduced. The Ahlbäck classification focuses primarily
on the reduction of the joint space as an indirect sign of cartilage loss
[27]. Indeed, joint space narrowing has been suggested as the best
variable in assessing radiographic progression of knee OA [11,28].
The Ahlbäck grading system has not, however, gained a widespread
popularity and is used mainly in northern Europe [29,30].
In order to investigate the incidence and progression of OA in
epidemiologic studies and clinical trials of disease modifying therapies,
a yet more sensitive classification was needed. The Osteoarthritis
Research Society International (OARSI) atlas is now considered to be
the best approach to describe the OA in different joints. The scale is
based on semi-quantitative examination of individual radiographic
features, such as osteophytes and joint space narrowing [31,32].

Symptomatic OA
Symptomatic OA is generally defined by the presence of pain,
aching or stiffness in a joint with radiographic OA. Symptomatic OA
is classically defined as a combination/coincidence of radiographic
tibiofemoral OA corresponding to Kellgren-Lawrence scale grade
of ≥ 2 (at least mild radiographic OA) and symptoms in the same
knee. Syptomatic OA appears to be common but it rarely progresses
to its severe form. Only part of subjects with OA seeks medical help
and in these cases the symptomatic treatment is usually sufficient.
Symptomatic OA has however been regarded as a primary indication
for most of knee replacements [33].

Progression of OA
OA has generally been regarded as a progressive disorder.
However, it is not always so. When evaluating larger population
groups, it has been observed that the progression rate is small but that a
fast progression can occur in some individuals [21,34,35]. On a subject
level, OA can be stable for a long time and could reactivate some years
later. It is consistent with the fact that only a small proportion of people
in the community with OA ultimately need joint replacement [36].
Large epidemiological investigations as the Framingham Study or the
Rotterdam Study that used K/L scale have defined new-onset disease
as the emergence of K/L grade 2 in the knee joints that had previously
been graded 0 or 1. New-onset of incident radiographic OA has usually
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been defined as the development of osteophyte, and thus assessment
ignored the progression of joint space narrowing, manifestation of
cartilage loss.
Radiographic knee OA progression could also be evaluated
by the change in the radiographic scores calculated by adding JSN
and osteophytes grades in medial and lateral knee compartments.
Radiographic progression can be defined as an increase in score by at
least 1 (which we considered as representing the smallest detectable
change, unpublished data).

End-stage OA
In some patients, OA reaches with time the state in which the
surgical intervention such as osteotomy or total knee replacement
should be scheduled. There is, however, no general consensus how
much developed the disease must be to be assessed as the end stage
OA in subjects who have not been operated on. OA can be considered
to reach its end-stage if JSN and osteophytes’ grade was 3 according to
OARSI atlas [31,32].
Radiographic examination of the knee joint is regarded as a standard
assessment that allows describing the joint changes and thus diagnosing
OA. It has been reported that the reproducibility in radiographic joint
space measurement is weak. Then, a systemic measurement error can
emerge especially when the knee is examined in extended position
due to variations in knee pain between the examinations and affected
ability to extend the joint.
Plain radiography is useful for defining OA, but has weak
associations with symptoms, limited sensitivity to change, as well as
poor prediction of cartilage loss and the need for joint replacement
[37,38]. Since joint degeneration exists before the x-ray is able to
show radiographic changes, the value of radiographic examination,
especially in early phases of OA is nowadays debatable. It would be
recommended to find a method defining the disease in a different way.

Magnetic Resonance Imaging
Contrary to radiographic examination in which JSN is considered
to be a surrogate marker for cartilage damage [39], magnetic resonance
imaging (MRI) allows to assess cartilage more directly [40]. MRI has
the capability to visualize multiple joint structures and is especially
useful to detect early cartilage changes and subchondral bone marrow
abnormalities (that has been shown to be predictors of radiographic
progression) [41,42]. It has been found that there is a correlation
between progression of JSN on radiographic images and cartilage
loss in MRI [43]. However, the substantial proportion of knees with
cartilage loss could be missed when analyzed only on standard X-rays.
The use of MRI is still limited, partly due to its costs and partly due
to technical demands. The assessments need standardized procedures
and methods to interpret results. Examination of patients could be
sometimes difficult, eg. because of the subject’s obesity or feeling of
claustrophobia. It is also difficult to compare results obtained from
different systems, which is relevant for longitudinal multicenter
investigations [40].

Knee Arthroscopy
Although arthroscopy has no relevance as a treatment method
and therefore is not indicated in subjects with knee OA, it is often
performed when the knee injury (such as meniscus tear) is suspected
in individuals with no priorly diagnosed OA. The discussion if the
subjects with symptoms typical for OA with concomitant changes
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seen during knee arthroscopy could be defined as having OA is
ongoing. Indeed, arthroscopy allows assessing only changes within
the internal joint structures and therefore does not seem to be suitable
to describe the whole picture of the disease. The correlation between
arthroscopic Outerbridge classification [44,45] (which describes only
cartilage condition but says nothing about osteophytes and joint space
narrowing) was recorded to be poor, especially in women with milder
cartilage affection [46].

Conclusion
OA of the knee joint is already a problem which is expected to get
more and more severe as we can observe a rise in knee injuries and
obesity in population. Although much progress in understanding the
disease has been done in the past several decades, we still do not know
enough to assess the risk of joint failure, to prevent it and last but not
least manage it effectively in its early phase. It seems to be necessary to
be able to define OA or joint failure as early as possible with no need
to wait for confirmation that disease has reached its developed stage.
Future research is needed to find and standardize the methods of joint
evaluation that could select patients with knee pain that might suggest a
pre-OA stage, which, in turn, could help us treat them more effectively.
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