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and arthroscopic definitions and biomarkers. Based on cur-
rent evidence, practical classification criteria are presented. 
As new insights and technologies become available, they 
will further evolve to better define and treat early knee OA.
Level of evidence IV.

Keywords OA · Pain · Osteochondral unit · Cartilage · 
Subchondral bone · Meniscus · Traumatic lesion · 
Classification · Focal cartilage defect · Biomarkers

Abstract There is an increasing awareness on the impor-
tance in identifying early phases of the degenerative pro-
cesses in knee osteoarthritis (OA), the crucial period of the 
disease when there might still be the possibility to initiate 
treatments preventing its progression. Early OA may show 
a diffuse and ill-defined involvement, but also originate in 
the cartilage surrounding a focal lesion, thus necessitating 
a separate assessment of these two entities. Early OA can 
be considered to include a maximal involvement of 50 % 
of the cartilage thickness based on the macroscopic ICRS 
classification, reflecting an OARSI grade 4. The purpose 
of this paper was to provide an updated review of the cur-
rent status of the diagnosis and definition of early knee OA, 
including the clinical, radiographical, histological, MRI, 
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Introduction

There is an increasing awareness on the importance in 
identifying early phases of the degenerative processes in 
knee osteoarthritis (OA), the period of the disease when 
there might still be some regenerative ability of the articu-
lar cartilage, which is permanently lost in the advanced dis-
ease stages. A definition of the early OA phase is important 
to identify and properly treat patients at risk of progres-
sion, allowing to better design trials for the assessment of 
potential and indications of the available and new emerging 
treatments, and therefore to better allocate resources and 
manage patients affected by lesions of the knee articular 
surface in the clinical practice [34].

However, the diagnosis of early knee OA is more compli-
cated compared with established OA. Once the disease has 
manifested itself, clear signs can be detected through his-
tory, clinical symptoms, and radiographic signs [34]. In its 
early phase, such characteristic signs and symptoms may still 
be limited and appear sporadic. Moreover, the radiographic 
evaluation cannot detect tissue-related phenomena characteris-
ing established OA. Magnetic resonance imaging (MRI) may 
allow detecting the whole spectrum of pathological joint tissue 
changes. Arthroscopy is seldom used as a sole diagnostic tool, 
but often is performed in patient populations that are suffering 
from symptomatic focal cartilage defects. Such patients are at 
risk of developing unicompartmental perilesional early OA as 
a result of a critical-size focal cartilage defect [52, 53]. These 
measures may help to define the early OA phase in the major-
ity of patients in the daily clinical practice [34].

Early knee OA of a patient was classified [34] as being 
present if three criteria (Table 1) were fulfilled:

1. Pain in the knee.
2. Standard radiographs Kellgren and Lawrence (K&L) 

grade 0 or 1 or 2 (osteophytes only).
3. At least one of the two following structural criteria.

•	 Arthroscopic findings of cartilage lesions.
•	 MRI findings demonstrating articular cartilage 

degeneration and/or meniscal degeneration, and/or 
subchondral bone marrow lesions (BMLs).

Risk factors

Identification of the risk factors in early OA is crucial to 
initiate adequate and prompt conservative treatments and to 
prevent the progression of the disease to the levels where 
reconstructive surgery becomes the only effective option. 
In addition to age, many risk factors have been identified. 
In general, any factor that alters the proper joint biome-
chanics triggers the onset or an acceleration of the degener-
ative process, facilitating the beginning of structural altera-
tions and, subsequently, of the clinical symptoms. Also, the 
crucial role played by synovial inflammation both in the 
onset and in the progression of knee OA becomes clearer, 
although patients with early OA do not have typically high 
levels of systemic inflammatory markers.

Injuries involving knee ligaments may decrease joint sta-
bility and, therefore, could be responsible for joint degen-
eration. However, even after a successful anterior cruciate 
ligament (ACL) reconstruction, an increased risk of devel-
oping OA persists. Already after 1 year following ACL 
reconstruction, early signs of patellofemoral and tibiofemo-
ral OA can be observed on MRI in some patients, with a 
direct correlation with associated meniscectomies and over-
weight [14]. Besides, even a physiological knee laxity has 
to be considered to be a risk factor [58]. Meniscal lesions, if 
left untreated or when treated with (partial) meniscectomy, 
alter its function of a shock absorber, expose the adjacent 
articular cartilage of both the tibial plateau and femoral 
condyle, and increase compressive and shear forces [35]. 
Axial malalignment of the lower limb results in increased 
loads at the medial (varus malalignment) or lateral (valgus 

Table 1  Criteria for early osteoarthritis

Early knee OA of a patient is classified as being present if the three criteria are fulfilled. Adapted from [34]

Criterion Clinical comment

1. Knee pain At least two episodes of pain for 10 days in the last year

2. Standard radiographs Kellgren–Lawrence grade 0 or 1 or 2 (osteophytes only)

3. At least one of the following:

 Arthroscopy or ICRS grades 1–4 in at least two compartments or grades 2–4 in one compartment with surrounding softening and 
swelling

 MRI At least two:
 Cartilage morphology WORMS 3–6
 Cartilage BLOKS grades 2 and 3
 Meniscus BLOKS grades 3 and 4
 BMLs WORMS 2 and 3
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malalignment) tibiofemoral compartment. Likewise, any 
additional load to the joint (due to overweight or increased 
physical activity) represents an increased risk of develop-
ing early OA. A body mass index (BMI) >30 determines 
a three-time greater risk of developing early OA com-
pared to normal weight, both for an increased load on the 
articulation and for metabolic alterations with higher pro-
inflammatory factors. Conversely, weight loss reduces the 
risk of developing symptomatic early OA of the knee and 
improves the function of the joint [57]. Furthermore, mod-
erate exercise is a protective factor [4].

OA has a strong genetic component. Recent epidemio-
logical and genetic research has shown that OA is a multi-
factorial disease with both environmental and genetic com-
ponents [35]. Several genome-wide association scans have 
revealed associations between certain loci on the human 
genome and the development of OA [60]. Interestingly, 
evidence is supported for the ethnic-, sex-, and joint-spe-
cific effects in OA [35]. However, the roles and the poten-
tial clinical utility of genes identified are still unclear, and 
studies are needed integrating genetics, genomics, and epi-
genetics in the context of early OA development, together 
with the neuromuscular component [55].

Pain in early OA

Previously, it was suggested that for diagnosing early OA, 
pain should be present at least in two episodes for more 
than 10 days in the last year [34]. Patients with early OA 
mostly describe intermittent diffuse joint pain typically 
worsening with mild swelling after excessive stress (e.g. 
sport), light crepitation, and/or an angle-dependent load 
pain (Fig. 1). The pain is relieved by rest or activities such 
as cycling with low resistance [6]. Pain while climbing 
stairs is often one of the first symptoms. Kneeling or squat-
ting activities are associated with an increased sensation of 
pain and repetitive loading during or after sports exercise 
as well. Most affected are persons in their 30–50s, being 
forced to change their sports practice [17].

In general, the majority of patients experience swell-
ing early after exercise. Cartilage defects contribute to an 
impaired function of the organ ‘knee’. The symptom ‘pain’ 
in early OA thus has to be consecutively interpreted as a 
disturbed joint homeostasis [50]. The pain-eliciting move-
ments as well as pain characteristics have to be investi-
gated. In a cross-sectional case–control study of 100 early 
OA patients, 74 % of them with early radiographic OA had 
pain and function scores that were equal to or worse than 
individual patients with full-thickness tricompartmental 
final knee OA [27]. Thorstensson et al. studied 143 patients 
with chronic knee pain without trauma or other joint dis-
ease. They found that 86 % developed knee OA over the 

next 12 years. Thus, knee pain is very often the first true 
sign of knee OA [54]. Additional burden of the subchon-
dral bone leading to a respective load pain can be also 
speculated, but no evidence has been published so far [35]. 
A more diffuse pain pattern is more often a signal of an 
inflammation of the Hoffa fat pad or irritation of ligaments. 
Chronic load pain during the triggering strain leads to myo-
static imbalances and disturbances of sensomotoric func-
tions [3]. An inhomogeneous muscular atrophy is the result 
and leads to secondary functional limitations.

A recent focus on changes in the peripheral and central 
nervous system suggests that changes occurred in many 
persons by the time they develop the chronic pain of OA. 
Caution should be exercised to correctly attribute pain, 
often requiring additional examinations [20].

Clinical definition of early OA

Clinically, early OA of the knee is characterised by signs 
and symptoms that may be limited and sporadic, compared 
to established OA. It foreruns radiographic knee OA at least 
of 2–3 years [10]. Some groups are at high risk of develop-
ing early OA [34], examples are young people who have 
sustained ACL and/or meniscal tears, patients with troch-
lear dysplasia and patellar instability [2] or other congenital 
lesions such as osteochondritis dissecans [13]. All patients 
with knee pain should be examined to confirm and charac-
terise joint involvement, and to exclude pain and functional 
syndromes resulting from other causes.

As stated above, chronic knee pain alone or coupled 
with MRI findings suggesting OA is the first and predomi-
nant symptom. Patients with early OA also experience stiff-
ness: in the morning, after a period of inactivity, or particu-
larly in the evening. It generally disappears with exercise 

Fig. 1  Illustration of the functional loss in relation to the symptoms 
in the various stages of OA. The correlation between the degree of 
OA and clinical symptoms is not always seen in clinical practise. 
Modified from [47]
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after a few minutes. Loss of joint movement and function 
is often a problem. Restricted passive movement can be the 
first and sole physical sign of the disease. Muscle weak-
ness, poor knee joint proprioception, and high knee joint 
laxity have been hypothesised to contribute to the increase 
in activity limitations. Such weakness is also present in 
knees without pain or evidence of muscle atrophy, possibly 
due to arthrogenic inhibition of muscle contraction [25].

 Clinically relevant frontal plane (varus or valgus) or 
patellofemoral malalignment increasing stress or loading 
across the affected region of the joint, decrease in walking 
speed, cadence, and lower knee flexion moment during the 
stance phase are often associated with early knee OA [34].

Macroscopic changes in the articular cartilage 
in early OA

Current regenerative treatment approaches in cartilage 
repair aim for the restoration of a localised focal (often 
traumatic) lesion. The clinical reality in patients eligible 
for regenerative cartilage repair reveals, however, that acute 
traumatic cartilaginous lesions are rare and it is mainly 
degenerative lesions that need regenerative treatment [53].

Patients differ in the underlying cause of the lesions (e.g. 
traumatic, overload, metabolic, and degenerative) and the 
duration of the disease with probably significant influence 
on outcome. In order to test and compare clinical trials 
with regenerative approaches, a more defined classification 
of traumatic, early and late OA is needed to characterise 
different patient populations. Especially the arthroscopic 
evaluation allows, besides clinical and radiological signs, a 
precise classification of early OA. The arthroscopic early 
OA classification can only be used when clinical symptoms 
according to the clinical early OA definition are present 
and radiological signs (standard X-ray) of late OA can be 
excluded.

The last definition and classification of early OA 
describes arthroscopic findings as lesions according to 
International Cartilage Repair Society (ICRS) grades 2–4 
in one compartment with at least surrounding softening and 
swelling of the cartilage and as lesions according to ICRS 
grades 1–4 in at least two compartments [34]. According to 
this classification, it appears necessary to split the arthro-
scopic classification in two parts:

•	 Part 1 The first one concentrates on the articular car-
tilage surrounding a focal lesion with analysis of the 
surrounding cartilage and the affected compartment. 
This would reflect the clinical fact that a focal articu-
lar cartilage defect may instigate the development of 
early osteoarthritis-like degenerative changes in the 
(and previously normal) articular cartilage surrounding 

the lesion, which may further extend and subsequently 
affect the entire compartment. It is thus a perilesional 
form of early OA that might continue to a (uni)compart-
mental and therefore advanced-stage OA. Practically, 
this involves a separate assessment of (1) the focal carti-
lage defect and (2) the degenerative changes in the per-
ilesional cartilage (applying the ICRS system).

•	 Part 2 This second part concentrates on the more classi-
cal definition, the one with diffuse and ill-defined early 
OA as a start for the disease affecting the whole joint 
(diffuse early OA).

An arthroscopic analysis would have to be performed in 
all three knee compartments, analysing the surfaces sepa-
rately from each other (medial femoral, medial tibial, lat-
eral femoral, lateral tibial, femoral trochlea, patella). The 
injured area has to be classified after the ICRS scoring 
system from grades 1–4 (www.cartilage.org/_files/content-
managment/ICRS_evaluation.pdf).

Traumatic lesions of hyaline cartilage represent focal 
defects with sharp defect edges. The surrounding cartilage 
usually shows no sign of injury or degeneration (no perile-
sional early OA = grade 0). The injured area can be classi-
fied after the ICRS scoring system from grades 1–4 (www.
cartilage.org/_files/contentmanagment/ICRS_evaluation.
pdf). Early stages of cartilage injury may be addressed with 
conservative treatment, and cartilage defects (ICRS grades 
3–4) can successfully be treated by regenerative cartilage 
therapy according to the national treatment guidelines [39].

Degeneration around the focal cartilage defect can be 
staged and graded also arthroscopically according to the 
histomorphometrical OARSI criteria [35]. The defect 
edges are mainly of round shape. Degeneration includes 
softening and swelling as well as fibrillation of the carti-
lage surface. The surrounded area should not show lesions 
greater than ICRS grade 2 in depth (grade of OA). Oth-
erwise, this area should be included in the main carti-
lage defect and be treated with regenerative treatment 
approaches. In case of a second defect with ICRS grades 3 
and 4 in the same compartment, which cannot be included 
in the primary defect, both focal defects should be scored 
separately and added to a final score. The size of the 
degenerated area around a focal cartilage defect seems to 
be clinical relevant. Therefore, the area of degeneration 
is staged according to the histopathological classification 
of the OARSI in five steps (stage of OA; Table 2). Addi-
tional cartilage lesions on the opposite surface of the same 
compartment or in other compartments are included in 
the staging, because they potentially influence the overall 
prognosis of the whole joint and of the regenerative treat-
ment approach in particular. This additional scoring (A–D) 
depends on the grade and the location of the additional 
lesion (Table 3).

http://www.cartilage.org/_files/contentmanagment/ICRS_evaluation.pdf
http://www.cartilage.org/_files/contentmanagment/ICRS_evaluation.pdf
http://www.cartilage.org/_files/contentmanagment/ICRS_evaluation.pdf
http://www.cartilage.org/_files/contentmanagment/ICRS_evaluation.pdf
http://www.cartilage.org/_files/contentmanagment/ICRS_evaluation.pdf
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Diffuse early OA describes a joint damage without signs 
of a focal lesion, but with degeneration in at least two com-
partments of a knee joint. The classification is based on 
the grade (1–4) and the stage (A–E) of the degeneration 
(Table 3). According to the histopathological classification 
of early OA of the OARSI [35], diffuse cartilage damage is 
limited to ICRS ≤2. With higher grades of degeneration in 
the joint compartments (grades 3–4), signs of late OA with 
joint line narrowing may be present, which would exclude 
the use of the early OA classification.

Histopathological definition of early OA

Early OA affects the articular cartilage and the subchon-
dral bone, besides the other structures of the joint. Follow-
ing the phase of very early hypertrophic repair [1], early 
events in the disease involve the disruption of the articu-
lar chondrocyte pericellular matrix, linked to an abnormal 

activation of cell surface receptors [59]. The synthesis of 
superficial zone proteins (e.g. lubricin) is altered, resulting 
in an impaired surface lubrication [46, 49] and an increase 
in friction [15, 38]. The proteoglycan content of the sur-
face is also reduced, and the superficial parts of the type 
2 collagen network eroded and subsequently exposed. The 
superficial chondrocytes alter their spatial organisation and 
form clusters. Whether the loss of proteoglycans may be 
reversible, the erosion of the collagens is a critical point, 
since this damaged collagen network cannot be regener-
ated [23]. Small collagen fragments are released, activating 
an inflammatory cascade within the cartilage and causing 
inflammation of the synovial membrane and effusion [51]. 
Such a chronic low-grade inflammation, termed ‘microin-
flammation’, is often present for longer time periods than 
previously acknowledged, possibly further contributing to 
the early disruption of cartilage homeostasis [23]. Cata-
bolic activities are increased [24, 28], leading to biochemi-
cal changes in the composition of the extracellular matrix 

Table 2  Focal early OA

Focal early OA in the perilesional articular cartilage surrounding a focal defect. Note that the focal articu-
lar cartilage defect itself has to be separately assessed

Degeneration (ICRS grades 1–2) around focal cartilage defect (ICRS grades 3–4)

Stage

 0 0

 1 ≤25 %

 2 >25 to ≤50 %

 3 >50 to ≤75 %

 4 >75 %

Grade

 A Stages 1–4 with additional cartilage degeneration (ICRS I–II) same compartment contralateral 
joint surface

 B Stages 1–4 with additional cartilage degeneration (ICRS I–II) other compartment

 C Stages 1–4 with additional cartilage degeneration (ICRS III–IV) same compartment contralateral 
joint surface

 D Stages 1–4 with additional cartilage degeneration (ICRS III–IV) other compartment

Table 3  Diffuse early OA Degeneration

Grade

 1 ICRS grade 1

 2 ICRS grade 2

 3 ICRS grade 3 (probably late OA)

 4 ICRS grade 4 (probably late OA)

Stage

 A ≤25 % main compartment with degeneration; two joint compartments involved

 B >25 to ≤50 % main compartment with degeneration; two joint compartments involved

 C >50 to ≤75 % main compartment with degeneration; two joint compartments involved

 D >75 % main compartment with degeneration; two joint compartments involved

 E Three joint compartments involved independent of stage
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(ECM), causing a change in its water-binding capacity with 
a reduced mechanical strength (chondromalacia), leading 
to a higher deformation of the cartilage under load [47]. 
Starting with superficial fibrillation, the superficial struc-
ture is progressively lost, fissures appear, and the cartilage 
thickness is reduced [35].

The subchondral bone plays an important role in early 
OA, as it is altered at very early stages [16, 26]. Early 
changes, among which a progressive increase in subchon-
dral plate and subarticular spongiosa thickness [31, 41] 
occurs mainly in the regions of cartilage damage [12, 44], 
diminish its biomechanical properties [32]. The primacy of 
alterations in the cartilage versus subchondral bone remains 
yet to be determined, although a close crosstalk within the 
osteochondral unit exists [21, 41].

A comparison of the different grades of the macroscopic 
ICRS and the histological OARSI criteria in the context 
of early OA identifies corresponding grades (Table 4). In 
general, early OA can be considered to include a maximal 
involvement of 50 % of the cartilage thickness based on 
the macroscopic ICRS classification. This end point, which 
can be arthroscopically detected, reflects an OARSI grade 
4 (e.g. erosion into the mid-zone of cartilage) [43]. If more 
than 50 % of its thickness is lost (either of the perilesional 
cartilage surrounding a deeper focal lesion or diffusely 
affected cartilage), the term ‘early OA’ may not be used 
anymore (Table 4). Practically, this necessitates a separate 
assessment of a focal cartilage defect (e.g. applying the 
ICRS criteria) and the cartilage surrounding the lesion.

Assuming that an involvement of deeper cartilage lay-
ers indicates advanced disease, the grade of OA reflects its 
depth progression into cartilage, while the stage describes 
its horizontal extent of involvement over a joint compart-
ment [43]. The combined assessment of grade and stage 

is termed score. Since the stage relates to the horizon-
tal extent of cartilage involvement, stages of 1 (<10 % of 
joint involvement) until stage 4 (more than 50 % of joint 
involvement) are possible.

Radiographic definition of early OA

Common radiological scores, such as the Fairbank or 
K&L score, are descriptive, and the individual items they 
contain are rather difficult to define, hence affecting their 
objectivity. The K&L score is currently considered as the 
gold standard for radiographic OA [8], despite the fact 
that it lacks precision, especially in the early stages of 
OA [19]. It considers the following four items for OA 
grading: height of the joint line, the presence or absence 
of osteophytes, subchondral sclerosis, and bone deform-
ity. In the K&L score, joint space width is roughly graded 
as not altered (0 points), doubtfully narrowed (1 point), 
possibly narrowed (2 points), and definitively narrowed 
with possible bony deformity (3 points) compared to the 
normal joint. Because of its importance from a clinical 
and especially surgical perspective, the evolution of the 
process of joint space narrowing has been recently stud-
ied [11, 40]. However, the important relation between 
the structural damage and radiographic observation of 
the joint collapse as an irreversible functional end point 
has not received the deserved attention over many years 
[8]. Several factors, like the loss or the functional insuf-
ficiency of menisci and/or cartilage, may contribute to 
this phenomenon, but their individual contribution to the 
evolution of the disease is not really known. Especially 
for the early stages of OA, this might be of significant 
importance as it might help developing surgical strategies 

Table 4  Detailed comparison of the different grades of the arthroscopic ICRS and the histological OARSI criteria in the context of early OA

ICRS grade OARSI grade Clinical comment

1-A 1 (1.0–1.5) ICRS grade 1-A refers to soft indentation. OARSI grade 1 is characterised by a mild distortion (fibrillation) of the 
surface, together with a swelling of the articular cartilage. The distinction between OARSI grade 1.0 (with intact 
chondrocytes) and OARSI grade 1.5 (with cell death by apoptosis or necrosis) cannot be made via arthroscopic 
inspection [43]

1-B 2–3 (2.0–3.5) ICRS grade 1-B refers to superficial fibrillations and cracks. In OARSI grade 2.0, smaller parts of the cartilage 
surface are lost, and cracks form that extend into the superficial zone. The depletion of cartilage-specific matrix 
staining commences. In OARSI grade 2.0, the surface discontinuity consists only of fibrillation. In OARSI grade 
2.5, there is an additional abrasion of the surface, with a loss of a portion of the superficial cartilage. OARSI 
grade 3.0 reflects penetration of simple fissures or vertical fissures (clefts) into the mid-zone. In OARSI grade 
3.5, fissures extend and branch at complex angles. Chondrocyte death, chondron formation containing multiple 
chondrocytes becomes more evident, particularly in the chondrons adjacent to the fissures [43]

2 4 (4.0–4.5) ICRS grade 2 refers to lesions extending down to less than 50 % of the cartilage thickness in the topographical 
region that is affected. The key feature of OARSI grade 4 is erosion, with loss of the superficial zone in grade 
OARSI grade 4.0, while OARSI grade 4.5 shows excavation into the mid-zone [43]. The loss of 50 % of cartilage 
thickness may be considered as the macroscopic end point, after which, if more than 50 % of cartilage thickness 
is lost, the term ‘early OA’ may not be used anymore
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to prevent its progression [9, 18, 45]. Developing meth-
ods for an increased understanding of the process of joint 
line narrowing is therefore of utmost importance. As cat-
egorical methods such as the K&L score are statistically 
less powerful, the development of continuous methods is 
warranted [36]. Establishing a quantitative instead of a 
descriptive radiographic analysis of joint line narrowing 
with a precise measurement method should be a first step 
to allow for a better comparability and reproducibility of 
individual radiographs [11, 40]. To develop a radiological 
score for the individual knee compartments, radiographs 
in an anteroposterior weight-bearing view with the knee 
in full extension (anteroposterior; AP) and an AP weight-
bearing view with the knee flexed at 45° (Schuss) may 
be helpful. Bony landmarks of the knee compartments, 
as well as a strategy to define an objective and quantita-
tive measure of the joint space height, are needed. The 
height of the affected compartment could be measured in 
its centre and be normalised with respect to its width. Of 
note, determination of a cut-off value below of which the 
height of the joint space has to be considered as patho-
logic is mandatory. Such a score needs to yield a high 
reproducibility and a good correlation to long-established 
descriptive radiological scores. It would be useful for 
detecting early OA the affected tibiofemoral compart-
ment and for a better follow-up of OA progression. Simi-
lar approaches could be developed for the patellofemoral 
compartment.

MRI definition of early OA

Imaging with MRI has a higher sensitivity for early OA 
than radiographs, where the disease is visible in a relatively 
late stage. In particular, studies with 3D MRI (MRI-based 
3D bone shape) have been shown to effectively predict the 
development of a radiographic knee OA [37]. There is a 
relative consensus in the literature that MRI is an impor-
tant tool to assess and to stage early knee OA. It allows 
to detect anatomical modifications such as bone marrow 
oedema, meniscal degeneration, synovial proliferation, and 
subchondral bone sclerosis which are typically non-detect-
able with traditional X-rays in early-stage OA. According 
to the European Society of Sports Traumatology, Knee Sur-
gery and Arthroscopy (ESSKA), criteria for defining early 
OA MRI findings include [34]:

•	 Cartilage Morphology Scores grade 3 or higher [Whole-
Organ Magnetic Resonance Imaging Score (WORMS) 
grades 3–6].

•	 Cartilage Regional loss Score grade 2 or higher 
(BLOKS grades 2 and 3).

•	 Meniscal tears grade 3 or higher.

•	 Bone marrow lesions graded by size (WORMS grades 
2 and 3).

These criteria are still the standard reference in defining 
early OA and are applicable to the standard MRI images 
available in everyday practice. In the past few years, many 
cartilage-focused sequences have been presented, promot-
ing MRI in assessing early and pre-symptomatic modifica-
tions of the OA joint [42]. Modern quantitative MRI tech-
niques are promising as they allow evaluating structural 
and mechanical modifications of damaged cartilage and 
eventually comparing them with healthy cartilage, with the 
possibility of very precise defect measure using 3D MRI 
sequences. The role of MRI could be even more important 
in evaluating biological modifications: glycosaminoglycan 
content of cartilage can be estimated using delayed Gad-
olinium-enhanced MRI (dGEMRIC), and advanced tech-
niques such as T2 mapping or diffusion-weighted imaging 
(DWI) are employable for quantitative and qualitative eval-
uation of damaged cartilage.

MRI may also detect subchondral bone alterations 
which are the increase in density, direct consequence of 
thickening of subchondral plate, and subsequent bone 
remodelling. Application of advanced compositional tech-
niques in detecting early-stage OA has been extensively 
studied in experimental models, but there is a lack of clini-
cal studies focusing on the application and feasibility of 
these techniques [17, 22]. T2 mapping and dGEMRIC can 
be relatively easily applied to standard platforms, while 
others such as T1 rho or sodium depletion studies require 
dedicated software and high-field MRI systems which still 
are not realistically applicable in everyday clinical prac-
tice. Although applicability and reliability of each of these 
techniques is not yet determined, MRI already plays a deci-
sive role in diagnosis and in addressing both conservative 
and surgical treatments, and its role will surely be further 
implemented. For this reason, it is of the utmost importance 
to establish a broad consensus on the use of evolving MRI 
sequences in diagnostic protocols and staging of early OA 
in everyday practice.

Biomarkers in early OA

The limitations of the currently available diagnostic tests 
led to an increasing interest in new specific biomarkers for 
the diagnosis of early OA. A biomarker is ‘a characteris-
tic that is objectively measured and evaluated as an indica-
tor of normal biological process, pathogenic processes, or 
pharmacological responses to a therapeutic intervention’ 
[22]. Biochemical markers are the most promising disease 
markers currently explored for the identification of early 
OA predictors. Structural molecules or fragments linked to 
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cartilage, bone, and synovium are likely the best candidates 
reflecting dynamic and quantitative changes in joint remod-
elling and therefore disease progression, such as biomark-
ers related to collagen and aggrecan metabolism, and other 
non-collagenous proteins. Alternatives are investigated 
among molecules associated with other processes, such as 
inflammation or fibrosis [33]. In order to provide a com-
mon framework for communication in the field, the Burden 
of Disease, Investigative, Prognostic, Efficacy of Interven-
tion and Diagnostic (BIPEDS) classification has been pro-
posed to categorise OA biomarkers according to their pre-
dictive potential [5].

Beside the diagnostic ability to distinguish between 
individuals with or without OA and to document its 
severity, biomarkers may have a prognostic value to 
determine the risk in patients without overt disease and 
the clinical outcome in those with symptoms of OA. In 
addition, biomarkers may be used to evaluate the effi-
cacy of potential treatments. Finally, other categories 
include investigative (with still insufficient evidence to 
fit in other categories) and safety biomarkers for invasive 
investigations [30].

Sources for biomarkers are blood and other body fluids 
(plasma and/or serum, urine). However, secreted molecules 
are often diluted and may become undetectable. An even 
more important limitation is that systemic biomarkers may 
be confounded by other physiological or pathological pro-
cesses originating from other tissues. On the other hand, 
also the evaluation of synovial fluid presents some limita-
tions: while it bathes the intrinsic structures of diarthrodial 
joints offering the unique opportunity to study the entire 
joint, it is more difficult to obtain in the clinical practice, 
and its evaluation sometimes limited by the small quantity 
[7].

Despite the high research efforts, no single OA bio-
marker stands yet out as a gold standard and has been suf-
ficiently validated for a systematic use, and only a few of 
them present robust evidence. Among these, uCTX-II (uri-
nary C-terminal telopeptide of collagen type 2) holds possi-
ble promise as useful incidence and prognostic marker, and 
serum cartilage oligomeric protein (COMP) presents some 
supporting evidence to be an indicator of the presence, inci-
dence, and progression of OA of the knee [48, 56]. Data 
on other inflammation markers such as C-reactive protein 
(considered linked to the disease progression) are not (yet) 
conclusive [48].

Some intrinsic limitations of biomarkers (e.g. no linear 
correlation with structural changes, not well-defined dis-
tinction from age-related changes, unrecognised heteroge-
neous disease phenotypes) make their use as primary end 
point unlikely. Conversely, there is increasing evidence that 
they could be valuable secondary end points, likely through 
the use of cluster of biomarkers, and even more with the 

combination of biomarker panels and other parameters 
(such as the new MRI technologies) into single diagnostic 
tests to better identify patients in the early OA phase.

Future directions

Musculoskeletal disorders and diseases are the leading 
cause of disability. Over half of adults 50 and older in 
the Western world have a chronic musculoskeletal condi-
tion. In the USA, the economic burden is considerable; 
the cost of musculoskeletal conditions is approaching $1 
trillion annually, which represents over 7.4 % of the gross 
domestic product. The societal cost for the treatment for 
OA alone has surpassed that of both cardiovascular disease 
and cancer. Though still in its infancy, biological treat-
ments for this burdensome disorder have been the focus of 
intense investigations. In spite of recent advances, signifi-
cant divergence of opinion on the future of early detection 
and biological treatments for orthopaedic injuries remains. 
Even though new biomarkers for the early detection of 
OA are promising [29], there is a considerable need to 
improve scientific knowledge, expand technical capaci-
ties, and advance clinical practice through the accelera-
tion of translational research and the identification of areas 
of high yield research topics in this area of detection and 
treatments.

It may be beneficial in view of the emerging new treat-
ment approaches to clearly distinguish patient populations 
with knee pathology. For example, patients may be charac-
terised as having tissue lesions (meniscus, cartilage, liga-
ments) but otherwise healthy joints, 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 American 
College of Rheumatology (ACR) criteria. This will hope-
fully lead to improved treatment algorithms in specific 
patient populations. The above-presented classification cri-
teria appear practical to the authors and applicable in daily 
practice. They will most probably further evolve as new 
insights and technologies become available.
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