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Definition and Classification of Early Osteoarthritis of the Knee

Abstract:

With the emerging interest in regenerative medicine and tissue engineering, new treatment modalities are being
developed for joint disorders including joint surface lesions and articular cartilage defects. The clinical outcome
of these novel approaches appears rather unpredictable, and is due to many reasons but definitely also linked to
the patient profile. As a typical example, symptomatic articular cartilage lesions can be presented in an otherwise
normal joint, or associated with several other joint tissue alterations including meniscal lesions and abnormalities
of the underlying bone. The outcome of novel treatments may well be influenced by the status of the whole joint,
and the potential to develop osteoarthritis. To better identify the patients at risk and responders to certain
treatments, it is of use to define and most importantly classify patients with “early osteoarthritis”. Here
classification criteria for this group of patients are presented, allowing a more defined and accurate inclusion in

clinical trials in the future.
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Introduction

An increasing number of clinical studies in the field of joint surface repair have revealed that several treatment
approaches may be successful in improving clinical outcome on the short and long term [19]. It becomes clear
after a glance on recent literature research that patient populations with symptomatic cartilage defects are
heterogeneous, some having isolated joint surface defects in otherwise perfectly healthy joints, others, however,
showing associated joint lesions frequently resulting in loss of joint homeostasis. In order to better appreciate
and understand outcomes from clinical studies and new treatments, it appears relevant to improve the
characterization of the patient populations. Indeed, it is observed in trials and clinical practice that outcomes may
be quite different depending on the patient profile. Identifying patients at risk for progression seems imperative
to better assess treatment response. Therefore, in addition to the classification criteria of established
osteoarthritis (OA) of the knee [1,11], classification criteria for an early OA population have been proposed,
aiming to identify a subpopulation of patients with signs of emerging joint disease and probably at a higher risk
to develop frank OA of the knee. With the increasing availability of novel biological treatments such as Platelet
Rich Plasma (PRP) [9] and other more regenerative treatment approaches, including the new class of Advanced
Therapeutic Medicinal Products [16], it is useful to better characterize the patient populations entering these
clinical studies, thereby contributing to the major goals of modern, more personalized medicine approaches i.e.
identifying the patients at risk and responders to treatment.

Importantly, classification criteria do not serve to establish a diagnosis in individual patients, but are merely used
to allow to compare on a large, worldwide scale, patient groups/populations with specific comparable

characteristics, typically for clinical trial purposes.

Defining and diagnosis of early knee OA

The diagnosis of knee OA can usually be made by history and physical examination including signs/symptoms
of knee pain with stiffness, joint crepitus and functional limitations, typically in a population above 50 years old.
Diagnosis is confirmed by radiographs demonstrating changes such as osteophytes and joint space narrowing,
subchondral bone sclerosis and cysts, and graded according to Kellgren and Lawrence as Kellgren 11-1V [6,13].
Early OA of the knee is somewhat more complicated as the signs/symptoms may still be limited and sporadic,
only becoming manifest under certain conditions such as after long term loading (jogging or other sports
activities). It is thought to be a process that displays a number of tissue related phenomena leading to the loss of

homeostasis of the knee, and in most cases leading to established OA. It is the clinical recurrence of pain and



discomfort of the knee, short periods of stiffness, with in between long periods of very little clinical
manifestations, probably due to spontaneous adaption of the patient, that sets the stage to perform additional
investigations such as radiographs, ultrasound, MRI or arthroscopy. Frequently, in these cases, the history and
the clinical examination suggest a local problem of mechanical nature with no systemic manifestations. Classical
radiographs in general are quite disappointing in this sense that, certainly if no earlier radiographs are available
as in most cases, very few specific signals are seen, at best there is a suggestion on some joint space narrowing in
one compartment, some hints for the formation of what may probably become an osteophyte, and thus typically
at best qualified by a Kellgren I. The robustness of this last scoring category is however difficult, and studies
reveal the quite poor intra- and interreader reproducibility of this scoring system [11,13]. In addition, it reveals
very little of potentially many more tissue processes in the joint. New imaging techniques rapidly improving in
quality over the last years, in particular MRI and arthroscopy (which is seldom used as a pure diagnostic tool),
have revealed a spectrum of joint tissue changes that definitely identify more pathologies in the joint, and loss of
joint homeostasis. These tissue changes typically display, in one of more compartments of the knee, changes in
cartilage morphology with joint surface fibrillation and single or multiple cartilage defects, more diffuse
cartilage loss, meniscal damage with tears, degeneration and extrusion of the meniscus, bone marrow lesions
(BMLs), subchondral sclerosis and cysts, synovitis and presence of joint fluid to mention the most important
ones. In these cases, arthroscopy and MRI are to a certain extent complementary thereby providing an overall
assessment of the knee and its structural changes. It is precisely with these tools available in daily clinical
practice, that it is clear that in a number of patients it should be possible to define an early OA patient. Early OA
would typically combine clinical signs and symptoms as described above, but also displaying a number of
structural changes that are not captured by regular radiographs, in many cases having a protocol of normal
findings, and yet revealing by in depth imaging more changes identifying a knee potentially in danger to
progress and develop frank OA. In lieu of the development of these technologies, it is surprising that the OA
definition has not changed since 1986 to capture OA, and certainly early OA. In view of an increasing number of
clinical investigations and trials with innovative treatment approaches, it appears to be useful to classify early
OA, and discriminate this from established OA patients and patients with structural damage, but further healthy
joints. Indeed, sub analyses of patient populations in clinical practice suggest a potentially different outcome for

treatment approaches and this requires thus a more targeted approach for future studies.

Classification criteria for early knee OA



The American College of Rheumatology (ACR) criteria for OA of the knee have been published by Altman et al.
[1]. These classification criteria, used typically as inclusion criteria in clinical trials worldwide, are mostly the
combination of clinical and radiographic findings. They include one of the following three findings, age above
50, stiffness less than 30 min, and crepitus, together with structural changes i.e. osteophytes and joint space
narrowing (Kellgren 11 on standardized radiographs). These classification criteria display a 91 % sensitivity and
86 % specificity. Recently, in an attempt to harmonize studies addressing the underlying genetic basis of OA,
Kerkhof HJ et al. [7] published recommendations on standardization of OA phenotypes, suggesting that at least
one definite osteophyte with possible joints space narrowing is needed to establish the diagnosis of radiological
knee OA. Additional issues around the OA knee phenotype have been reported in other publications,
highlighting the pitfalls in defining symptomatic and radiological OA [4].

Defining classification criteria of symptomatic early knee OA is certainly challenging, but is obviously based on
the fact that the patient cannot be classified as established OA. To make it clinically relevant, and to help
classifying patients for clinical trials, would still imply the combination of symptoms, signs, and structural
changes. However, strict radiographic criteria as defined by Kellgren will not suffice to capture an early OA
population. Therefore, a more comprehensive classification allowing other methods of structural assessment
such as arthroscopy and MRI are proposed.

As suggested above, and in view of the existing classification criteria for OA, the following criteria are
proposed. A patient can be classified as having early OA of the knee based on clinical and imaging findings and

should fulfill the following three criteria (Tab. 1):

1. Painin the knee.
2. Standard radiographs: Kellgren-Lawrence grade 0 or | or Il (osteophytes only).
3. At least one of the two following structural criteria:
e Arthroscopic findings of cartilage lesions.
¢ MRI findings demonstrating articular cartilage degeneration and/or meniscal degeneration, and/or

subchondral BMLs.

More detailed description of classification criteria

1. Knee pain: at least two episodes of pain for >10 days in the last year.



2. Standard radiographs: Kellgren-Lawrence scoring up to Il (osteophytes only) in standing weight-
bearing position with knees in approximately 20° of flexion and the feet in 5° of external rotation. The
radiographs should be done bilaterally from a posteroanterior view in the frontal plane. Kellgren-Lawrence grade
0 is no abnormalities. Kellgren-Lawrence 1 is defined as: doubtful narrowing of the joint space and possible
osteophytic lipping. Kellgren-Lawrence Il is defined as definite osteophytes with joint space narrowing. In
agreement with a recent adjustment [4], Kellgren 11/ osteophytes (osteophytes only, no joint narrowing) has been
introduced into the category early OA (Tab. 2).

3. Arthroscopic findings following the ICRS classification [20]:

ICRS grade I-1V in at least two compartments or grade II-1V in one compartment with at least surrounding
softening and swelling of the cartilage.

4. MRI findings: evidence of degenerative changes of the cartilage, meniscus and/or BMLs. The definitions
are based on the BLOKS and WORMS scores [5,12] and their comparisons [3,10]. Minimum two of the four
following scores should be fulfilled:

a. Cartilage morphology scores grade 3 or higher (WORMS grade 3 to 6): minimally multiple areas of partial
thickness defects with intermittent areas of normal thickness to diffuse full thickness loss in region (more then
75 %) (grade 6) (Fig. 1).

b. Cartilage Score 1: minimally grade 2 (BLOKS grade 2 and 3): 10-75 % of cartilage loss in a region (medial,
lateral, patellofemoral) to more than 75 % cartilage loss in a region (Tab. 3).

¢. Meniscal tears: Grade 3 or higher (BLOKS grade 3-4): from displaced tears or partial resection (grade 3) to
complete maceration, destruction, resection (grade 4) (Tab. 4).

d. BMLs, typically scored as BMLs size: minimally WORMS grade 2 i.e. 25 % or higher BMLs in any one

compartment (Fig. 2).

Discussion

In this paper criteria to classify patients with “early OA” have been defined.

New treatment approaches in the so called field of regenerative medicine (REGMED) have been emerging in the
field of musculoskeletal diseases and disorders. These treatments are based on enhancing the intrinsic repair
system, and typically involve surgical interventions or the application of growth and differentiation factors or
other biological substances, sometimes combined with surgical delivery systems. Amid these REGMED

developments, a new class of products, also called Advanced Therapeutic Medicinal Products, has been defined



with a new regulatory track as proposed by EMA in 2007 and amended in 2009 [17-18]. Among these are also
the cell based products, ranging from cellular suspensions with or without delivery vehicles, combination
products, typically scaffold based living implants, and more advanced tissue engineered products. Many of these
novel treatments have shown great promise in various musculoskeletal indications, but the results in the limited
number of well designed clinical studies are revealing a number of challenges, including the value of subjective
and objective outcomes, their discriminatory power and functional assessments in the short and long term. In
view of this, it has been observed in clinical practice, but also in open and controlled clinical studies, that
treatment approaches in the knee for cartilage lesions or some other indications are resulting in the recruitment of
a patient population that is quite heterogeneous. For instance, the Knutsen et al. trial [8], comparing different
treatment methods for the repair of symptomatic cartilage lesions in the knee, reported after 5 years up to 35 %
of patients displaying frank OA as assessed by radiography. This is in sharp contrast to the Saris, van Lauwe et
al. trial reports even after 5 years less than 5 % of the patients assessed displayed definite osteophytes [14,15]
(Luyten F, personal communication). This indicates indeed that although the inclusion criteria of both trials were
quite comparable, the patient populations were most probably not the same, and thus outcomes may be
influenced by the patient profile. On the other hand, it is very difficult to use strict inclusion criteria when
recruiting patients with cartilage problems to a controlled study. As shown recently, cartilage defect patients
represent a mixed group in terms of age, size of defect, anatomical location of defect, co-injuries and previous
surgery [2]. A reader of an RCT that does not present a flowchart of the patient selection runs the risk of
misjudging the results when interpreting the paper. Additionally, the variations found in inclusion criteria in the
published RCTs represent a concern related to whether the studies actually include the same patient groups. This
is certainly not restricted to these trials, but is also a challenge in other fields of medicine as shown by the
applicability of RCTs to the general patient population. Defining early OA may help to distinguish and
understand outcomes more clearly. Therefore, the current paper presents a classification of early OA based on
symptoms (pain), structural changes as defined by regular radiographs (correct projections are of primary
importance) by Kellgren Lawrence of 11 (osteophytes only) or less, and early degenerative changes as detected
by either MRI scores or arthroscopic findings. Indeed, for the first time arthroscopic exam and/or MRI findings
are now taken into account, but always combined with symptoms. This is a dynamic definition and may in the
future be modified by new data coming from new technological developments such as dGEMRIC-MRI and other

MRI systems, Ultrasound and/or Biomarkers.



The criteria put forward for early degenerative changes in arthroscopy are limited to the scoring of the articular
surface, and do not include meniscal evaluations. Indeed, scoring menisci by arthroscopy is difficult and always
incomplete.

MRI is very useful to score the full thickness articular cartilage, and since the WORMS and BLOKS score are
only partially overlapping, the WORMS rather scoring overall cartilage morphology, both scoring systems for
the cartilage have been kept. Concerns may rise on the inclusion of the meniscal assessment, as meniscal lesions
may solely be the result of an isolated traumatic event and not reflecting early OA. That is an important reason to
rely on at least two criteria to be able to classify MRI findings as early OA, meniscal damage in itself is thus
never sufficient and needs to be accompanied by either substantial joint cartilage involvement and/or BMLSs.
MRI, and in particular the WORMS score, appears to be reliable for BMLs but is not good to assess subchondral
bone sclerosis. However, scoring of cysts would not be helpful to identify early OA. Also, as published in Lynch
et al. [10], scores do not identify a lot a primarily cystic BMLs in an OA population and scoring these did not
alter much in the final scoring of the patient.

The definition of clear classification criteria will help to better design trials for the assessment of the potential
and indications of the treatments of early OA, and therefore to better apply the available treatment options and to

better manage patients affected by cartilage degeneration in the clinical practice.

Conclusions

In view of the emerging new treatment approaches, it may be beneficial to clearly distinguish patient populations
with knee pathology, i.e. patients with tissue lesions (meniscus, cartilage, ligaments) but otherwise healthy
joints, patients with lesions in the context of early OA, displaying a number of changes in the joint tissues
suggestive of emerging joint disease, and finally well established OA as defined by the existing ACR criteria.
That implies that clinical trial designs should be taking this into account, and helpto identify patients at risk and
responders to treatment. This will hopefully lead to improved treatment algorithms in specific patient
populations. The above presented classification criteria appear very practical and applicable in daily practice, but

as new insights and technologies become available they may and will most probably further evolve.
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Legends

Figure 1: Cartilage morphology scores (WORMS grading) [12]

Eight-point scale for scoring articular cartilage signal and morphology.

Each region of the knee surface is scored independently.

Figure 2: Bone marrow lesions (WORMS grading) [12]

Subarticular marrow abnormality score. This score is based on the extent of regional marrow involvement by
areas of free water signal with ill-defined margins.

Table 1: Criteria for early OA.

Table 2: Kellgren and Lawrence radiographic OA classification. Table 3: Delineation of grading for Cartilage
Score 1 [4]

Table 4: WORMS meniscal tear score [9]
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Supplementary data

Figure 1: Cartilage morphology scores (WORMS grading) [12]

Eight-point scale for scoring articular cartilage signal and morphology.
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Each region of the knee surface is scored independently.

13



Figure 2: Bone marrow lesions (WORMS grading) [12]

Subarticular marrow abnormality score. This score is based on the extent of regional marrow involvement by

areas of free water signal with ill-defined margins.
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Table 1: Criteria for early OA.

EARLY OA
1 Knee pain at least two episodes of pain for >10 days in the last year
2 SLEIEEIT Kellgren-Lawrence grade 0 or | or Il (osteophytes only)

radiographs

ICRS grade I-IV in at least two compartments
arthroscopy | or
grade II-IV in one compartment with surrounding softening and swelling

Cartilage morphology WORMS 3 to 6

THREE CRITERIA

Cartilage BLOKS grade 2 and 3

w
At least one

MRI At least two
W Meniscus BLOKS grade 3 and 4

BMLs WORMS 2 and 3

Table 2: Kellgren and Lawrence radiographic OA classification.

Grade 0 | No changes

Grade 1 | Doubtful narrowing of the joint space and possible osteophytic lipping

Grade 2 | Definite osteophytes and possible narrowing of the joint space

Grade 3 | Moderate multiple osteophytes, definite narrowing of the joint space, and

some sclerosis, and possible deformity of the bone ends

Grade 4 | Large osteophytes, marked narrowing of the joint space, severe sclerosis, and

definite deformity of the bone ends

Table 3: Delineation of grading for Cartilage Score 1 [4]

Size of any cartilage loss (including partial and full % full thickness cartilage loss of the region
thickness loss) as a % of surface area as related to the

size of each individual region

0: none 0: none

1: <10% of region of cartilage surface area 1: <10% of region of cartilage surface area
2: 10-75% of region of cartilage surface area 2: 10-75% of region of cartilage surface area
3: >75% of region of cartilage surface area 3: >75% of region of cartilage surface area
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Table 4: WORMS meniscal tear score [9]

WORMS meniscal tear score (medial meniscus)

Grade 0 : intact

Grade 1 : minor radial tear or parrot-beak tear
Grade 2 : non-displaced tear or prior surgical repair
Grade 3 : displaced tear or partial resection

Grade 4 : complete maceration/destruction/resection
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