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Abstract
Background: Although widely used of Kellgren - Lawrence (KL) staging system on knee osteoarthritis
(KOA), it still had some disadvantages. The purpose of this study was to investigate the differences on X-
ray and MRI among each stage of KOA and further propose a new staging system called West Lake (WL)
staging.

Methods: A cross-sectional study was conducted on patients with KOA. KL stages were de�ned by two
quali�ed orthopedic surgeons. Joint space widths (JSW) were measured on X-rays, whereas cartilage
injuries (CI) and bone marrow lesions (BML) were evaluated on MRI. The differences of them across the
groups were calculated by T-test. Receiver operating characteristic (ROC) curves were rendered to obtain
the areas under the curves (AUC), Youden index and corresponding cut-off points. Agreement Index
(KAPPA) was used to analyze the consistency of KL stages and WL stages assessed by two quali�ed
orthopedic surgeons.

Results: Eventually, a total of 220 patients met the criteria. There were signi�cant differences on JSW, CI
and BML between KL II/III as well as KL III/IV. In KL II/III, the AUC of JSW, CI, BML was 0.99, 0.76, 0.71 and
the Youden index was 0.94, 0.38, 0.45, meanwhile the cut-off points were £5.1mm, >1, >2. In KL III/IV, the
AUC of JSW, CI, BML was 0.96, 0.79, 0.74 and the Youden index was 0.84, 0.58, 0.38, meanwhile the cut-
off points were £3.2mm, >3, >4. The Kappa coe�cients of KL stages and WL stages were 0.31 and 0.76.

Conclusion: The WL staging was described as follows: Grade 0, normal X-ray. Grade 1, X-ray shows
osteophyte but no joint space narrow, normal MRI or MRI shows cartilage degeneration and only 1 or 2
sections are involved in BML. Grade 2, X-ray shows joint space narrow, MRI shows cartilage defect but no
full-thickness cartilage defect, meanwhile 3 or 4 sections are involved in BML. Grade 3, X-ray shows
serious joint space narrow even JSW disappeared, MRI shows full-thickness cartilage defect, more than 4
sections are involved in BML.

Trial registration: The study was approved by the First A�liated Hospital of Zhejiang Chinese Medical
University (2018-ZX-026-01).

Background
Knee osteoarthritis (KOA) is a common chronic disease manifested by articular cartilage degradation,
bone remodeling, osteophyte formation, and eventually the loss of joint space widths (JSW) [1].
Indisputably, KOA affected the function of joints and reduce the quality of life, even led to disability,
�nally incurred enormous social and economic burdens [2-4].

Although the long and wide implementation since its generation in 1957, Kellgren - Lawrence (KL) staging
system of the knee still had some de�ciencies which could affect the surgeons’ judgment of the severity
of KOA and the choice of therapeutic schedule [5]. KL staging based on radiographs has gradually
exerted the shortcoming in terms of the ambiguous differentiation due to its non-quantitative depiction
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on the morphological change especially in patients at the early stage of KOA, leading to the uncertainty in
hierarchical remedy. In recent decades, despite numerous attempts based on X-rays on modifying this
classi�cation, none has been widely recognized, moreover, the non-quantitative traits of KL staging were
hardly radically revolutionized [6, 7].

With the popularity of MRI, the perception of KOA has been rapidly upgraded, pathological change
including cartilage injuries (CI), bone marrow lesions (BML), etc. were realized their diagnostic
signi�cance [8]. However, an integrated algorithm encompassing X-rays and MRI considering JSW, CI,
BML has never been generated for better KOA grading.

Therefore, in this study, we aimed at investigating the differences on X-ray and MRI among each stage of
KL staging and further �guring out a new staging system which called West Lake (WL) staging
orchestrated with JSW on X-rays and CI, BML on MRI.

Methods
Patients enrollment

A cross-section study had been undertaken. A total of 220 patients diagnosed with KOA in our institution
from 2013 to 2018 were retrieved on the hospital information system (HIS). Generally, the mean age was
53.68±13.39, the majority was female. Respectively 25, 62, 109 and 24 knees were assessed as KL I, II, III
and IV.

The inclusive criteria were: 1, knee OA; 2, with both eligible MRI (magnetic �eld intensity> 1.5 Tesla) and
X-rays (projected in weight-bearing standing position with knees in 20°of �exion and the feet in 5°of
extorsion [9]) document on knee; 3, with entire case record.

The exclusive criteria were: 1, with at least one musculoskeletal comorbidity, including rheumatoid
arthritis, hemophilia arthritis, ankylosing spondylitis, gout and other painful diseases of the knee joint; 2,
with complications affecting knees, including psoriasis, syphilitic neuropathy, ochronotic arthritis,
metabolic osteopathy, acute trauma, etc.; 3, the radiographs were unclear.

KL staging

The KL staging system was described as follow: Grade 0, no changes. Grade 1, doubtful joint space
narrow (JSN) and a little osteophyte. Grade 2, possible JSN and distinct osteophyte. Grade 3, multiple
osteophytes and de�nite JSN, some sclerosis and possible deformity of bone ends. Grade 4, large
osteophytes, marked JSN, severe sclerosis, and deformity of bone ends [10].

Although there were some de�ciencies on KL staging, it was still the recognized staging system on KOA.
In order to reduce the error of KL staging caused by its shortcomings, two quali�ed orthopedic surgeons
were invited to assess and record the KL stages of every patients, meanwhile the con�icting part were
discussed by two surgeons to determine the �nal decision.
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X-rays

The narrowest JSW was measured on X-rays.

MRI

According to the Recht scores, CI were divided into 4 grades: Grade 0, normal articular cartilage; Grade I,
articular cartilage degeneration while no cartilage defect; Grade II, cartilage defect and the depth of
cartilage defect was less than 50% of the full thickness; Grade III, the depth of cartilage defect was more
than 50% while less than 100% of the full thickness; Grade IV, full-thickness cartilage defect and
subchondral bone exposed [11].

It was di�cult to measure the area of BML on MRI and the current WORMs scores were too complex, so
referring to WORMs scores, the MRI of knee joint was divided into 15 regions, including lateral patellar
section, medial patellar section, lateral-anterior femoral section, lateral-central femoral section, lateral-
posterior femoral section, medial-anterior femoral section, medial-central femoral section, medial-
posterior femoral section, lateral-anterior tibial section, lateral-central tibial section, lateral-posterior tibial
section, medial-anterior tibial section, medial-central tibial section, medial-posterior tibial section and “S”
section (The non-articulating portion of the tibial plateau beneath the tibial spines) [12]. Meanwhile the
number of regions involved in BML were evaluated.

Statistical Analysis

Stata/MP, version 16.0 was used for statistical analysis and ROC curves were rendered by Medcalc,
version 15.2.2. Statistical indicators included JSW, the grade of CI, the number of regions involved in BML
as well as KL stages and WL stages assessed by two quali�ed orthopedic surgeons. All data were
presented as mean±SD except for KL stages and WL stages which presented as ratio. The difference of
those radiological parameters across the groups was calculated by T-test. Agreement Index (KAPPA) was
used to analyze the consistency of KL stages and WL stages assessed by two quali�ed orthopedic
surgeons. Receiver operating characteristic (ROC) curves were rendered to obtain the areas under the
curves (AUC), Youden index and corresponding cut-off points. All reported P values are 2-tailed, with an
alpha level of 0.05 indicating signi�cance.

Results
KL I/II

There were no statistical differences on JSW, CI and BML between KL I and II. (Table 1)

KL II/III

Statistical differences were exerted between KL II and III on each item. (Table 1)
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The ROC curve of JSW showed the AUC was 0.99, Youden index was 0.94, cut-off point was £5.1mm,
meanwhile the corresponding sensitivity and speci�city was 99.1% and 95.2%. [Fig 1(a)]

The ROC curve of CI indicated the AUC was 0.76, Youden index was 0.38, cut-off point was >1,
simultaneously the corresponding sensitivity and speci�city was 70.6% and 67.7%. [Fig 1(b)]

The ROC curve of BML pointed the AUC was 0.71, Youden index was 0.45, cut-off point was >2,
simultaneously the corresponding sensitivity and speci�city was 59.6% and 85.5%. [Fig 1(c)]

KL III/IV

There were statistical differences on JSW, CI and BML between KL III and IV. (Table 1)

The ROC curve of JSW showed the AUC was 0.96, Youden index was 0.84, cut-off point was £3.2mm,
meanwhile the corresponding sensitivity and speci�city was 87.5% and 96.3%. [Fig 2(a)]

The ROC curve of CI indicated the AUC was 0.79, Youden index was 0.58, cut-off point was >3,
simultaneously the corresponding sensitivity and speci�city was 70.8% and 87.2%. [Fig 2(b)]

The ROC curve of BML pointed the AUC was 0.74, Youden index was 0.38, cut-off point was >4,
simultaneously the corresponding sensitivity and speci�city was 70.8% and 67.0%. [Fig 2(c)]

Agreement Index (KAPPA)

The Kappa coe�cient of KL stages assessed by two quali�ed orthopedic surgeons was 0.31 while the
Kappa coe�cient of WL stages was 0.76. (Table 2)

Table 1 The results of T-test among KL I, II, III and IV

KL staging JSW (Mean±SD) (mm) CI (Mean±SD) BML (Mean±SD)

I (n=25) 5.89±0.99 0.68±1.03 1.76±1.30

II (n=62) 6.13±0.80 0.89±0.99 1.65±1.19

III (n=109) 4.17±0.58 1.99±1.12 3.69±2.87

IV (n=24) 1.82±1.32 3.33±1.17 6.50±3.23

KL I/II t, P -1.22, >0.05 -0.87, >0.05 0.40, >0.05

KL II/III t, P 18.44, <0.05 -6.46, <0.05 -6.51, <0.05

KL III/IV t, P 8.52, <0.05 -5.28, <0.05 -4.22, <0.05

Table 2 The results of Agreement Index (KAPPA) in KL and WL staging
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  Expected Agreement Agreement Kappa Z P

KL staging 58.16% 39.72% 0.31 8.95 <0.05

WL staging 85.00% 36.44% 0.76 236.81 <0.05

 

Discussion
To our knowledge, this was the �rst study combining MRI and X-ray features to classify KOA grades. The
reason of largely maintaining the structure of KL staging system instead of entirely subverting it was that
X-ray was always the most available and convenient tool in the world for screening osteoarthritis [13]. In
this study, the description of osteophytes in KL staging was removed except for grade 0 and I. For there
was still a lack of an effective quantitative method to evaluate the number of osteophytes [14]. But
surgeons just need to distinguish KL 0 and I by determining whether there was osteophyte formation, so
KL 0 was easier to be distinguished from and not included in the study [7]. On the contrary, JSW was
easier to be measured and con�rmed that had a signi�cant association with the severity of KOA as well
as knee pain [15, 16]. The mechanism of KOA could be summarized as follow: Abnormal mechanical
loads were applied to the cartilage and transmitted to the subchondral bone, which led to microfractures
of the subchondral bone, then an in�ammatory response occurred and immune cells were recruited,
which could activate bone growth factor and promotes subchondral bone reconstruction which led to the
formation of BML �nally [17-19]. Current studies suggest that the pathogenesis of KOA is mainly the
lesion of the cartilage layer, meanwhile BML could inform on the degenerative state within the
osteochondral unit [20, 21]. In addition, BML has been known as a phenomenon to assess the severity
and prognosis of KOA [22, 23]. So, CI and BML were included in the study.

The study showed the KAPPA coe�cient of two quali�ed orthopedic surgeons’ KL stages was 0.31 which
indicated their conclusions were less consistent. Previous literature uncovered intra-rater reliability
ranging from 0.67 to 0.73 and hardship in distinguishing KL II and III by means of KL staging [10, 24].
Guermazi proposed that KL staging had little information about the rate of cartilage degeneration
through the comparison between same KOA patient’s X-ray and MRI [25]. So, it was necessary to propose
a new staging system so that every surgeon could agree on the severity of KOA.

In further research, we found there were no statistical differences on JSW, CI and BML between KL I and II
which let us to make the decision of merging them together. In fact, it was usually scrutinizing
osteophytes by erudite orthopedic surgeons that work it out under this setting, recognizing KL I/II by X-ray
may be reluctant for universal orthopedic surgeons, which was supported by Adam [10]. The possible
reason for the failed correlation between CI and KL I/II was that although cartilage was merely denatured
or with trivial defects, it has not been shown in the narrowing of joint space [26]. It is well known that the
formation of BML was closely related to cartilage injuries, with mild cartilage damage, the vicious cycle
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of BML formation was less severe which caused the mild BML in KL I/II [27]. Madry et al [28] have also
put forward that merged KL I/II as early KOA for their trivial difference on MRI and X-ray.

Dramatically, there were signi�cant differences on JSW, CI and BML between KL II and III as well as III and
IV. ROC curves of JSW, CI and BML showed the AUC was 0.99, 0.76, 0.71 in KL II/III and 0.96, 0.79, 0.74 in
KL III/IV respectively which suggested high diagnostic value and JSW was the best indicator among
them. When picked the maximum Youden index which meant optimal sensitivity and speci�city, JSW
£5.1mm, CI >1 and BML >2 were the cut-off points to differentiate KL II and III, and JSW £3.2mm, CI >3
and BML>4 were the cut-off points to distinguish KL IV from III. Although there was error in joint clearance
measurements and people in different regions maid have different JSW, our study con�rmed that
compared with KL I and II, the JSW of KL III and IV were narrow and JSW of KL IV were the most serious
one, which has also been veri�ed by previous studies [29, 30]. At present, no studies have explored the
difference of CI between KL II and III, while it was known that narrowing of the joint space could re�ect
the degree of cartilage wear, so cartilage damage was gradually aggravated with the increase of KL
staging and Full-thickness wear of the cartilage was often present in KL IV for the reason of extreme
narrowing or loss of JSW [31]. Since we used the number of regions involved in BML as an indicator, no
data were found in the current literature to support our results. However, we have known that the area of
BML were associated with the progression of KOA, meanwhile BML size was associated with longitudinal
cartilage loss [32, 33].

According to the above research results, our group proposed WL staging system and the Kappa
coe�cient of WL stages assessed by two quali�ed orthopedic surgeons was 0.76, which showed high
consistency. It also indicated that surgeons had more consistent results with WL staging than with KL
staging.

Our study still had several limitations. Firstly, we did not take into consideration of synovium, joint
effusion, ligaments, meniscus and other imaging on MRI since they had no quantitative or semi-
quantitative evaluative methods. Secondly, given the inadequate following period, we could not verify the
novel classi�cation in terms of the related clinical symptoms, however we will publish our short-middle
term results of this grading later.

Conclusion
In summary, The WL staging was described as follows: Grade 0, normal X-ray; Grade 1: X-ray shows
osteophyte but no joint space narrow, normal MRI or MRI shows cartilage degeneration and only 1 or 2
sections are involved in BML; Grade 2: X-ray shows joint space narrow, MRI shows cartilage defect but no
full-thickness cartilage defect, meanwhile 3 or 4 sections are involved in BML; Grade 3: X-ray shows
serious joint space narrow even JSW disappeared, MRI shows full-thickness cartilage defect, more than 4
sections are involved in BML.

Abbreviations
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KL: Kellgren – Lawrence; KOA: Knee osteoarthritis; WL: West Lake; JSW: Joint space widths; CI: Cartilage
injuries; BML: Bone marrow lesions; ROC: Receiver operating characteristic; AUC: the areas under the
curves.
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Figures

Figure 1

The ROC curve of JSW (a), CI (b), BML (c) between KL II and III

Figure 2

The ROC curve of JSW (a), CI (b), BML (c) between KL III and IV
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