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Abstract 

Objective. Longitudinal weight-bearing radiographic joint space width (JSW) and non-weight-

bearing MRI-based cartilage thickness changes often show weak correlations. The current 

objective was to investigate these correlations, and to explore the influence of different factors 

that could contribute to longitudinal differences between the two methods. 

Methods. The current study included 178 participants with medial osteoarthritis (OA) out of the 

297 knee OA participants enrolled in the IMI-APPROACH cohort. Changes over 2 years in 

medial JSW (ΔJSWmed), minimum JSW (ΔJSWmin), and medial femorotibial cartilage 

thickness (ΔMFTC) were assessed using linear regression, using measurements from 

radiographs and MRI acquired at baseline, 6 months, and 1 and 2 years. Pearson R correlations 

were calculated. The influence of cartilage quality (T2 mapping), meniscal extrusion (MOAKS 

scoring), potential pain-induced unloading (difference in knee-specific pain scores), and 

increased loading (BMI) on the correlations was analyzed by dividing participants in groups 

based on each factor separately, and comparing correlations (slope and strength) between 

groups using linear regression models. 

Result. Correlations between ΔMFTC and ΔJSWmed and ΔJSWmin were statistically 

significant (p < 0.004) but weak (R < 0.35). Correlations were significantly different between 

groups based on cartilage quality and on meniscal extrusion: only patients with the lowest T2 

values and with meniscal extrusion showed significant moderate correlations. Pain-induced 

unloading or BMI-induced loading did not influence correlations. 



Conclusions. While the amount of loading does not seem to make a difference, weight-bearing 

radiographic JSW changes are a better reflection of non-weight-bearing MRI cartilage thickness 

changes in knees with higher quality cartilage and with meniscal extrusion. 
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Introduction 

In knee osteoarthritis (OA) trials, tibiofemoral cartilage thickness is often monitored by 

measuring joint space width (JSW) from weight-bearing knee radiographs. 

Radiographic JSW is not only a measure of cartilage thickness, but is also influenced by 

other factors (e.g., meniscus and positioning errors) [1-3]. However, JSW is still often 

used as a surrogate measure for cartilage thickness, and is the only official endpoint for 

structural improvement [4]. 

Radiographic JSW has been compared with cartilage thickness measured on non-

weight-bearing MRI. Cross-sectional correlations are generally strong [5,6,7]. However, 

longitudinally, JSW change shows non-significant or weak correlations with cartilage 

thickness changes [8-12]. A previous study suggested the poor longitudinal correlations 

are primarily the result of the difference in weight-bearing (radiographs) and non-

weight bearing (MRI) [13]. The study speculated that cartilage quality (deformability) 

could play a role in weight-bearing-related differences, as could meniscal positioning, 

but this could not be investigated further in the small number of patients used. It could 

be expected that lower quality cartilage is compressed more during weight-bearing 

radiographic acquisition, affecting JSW but not cartilage thickness on non-weight-
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bearing MRI, resulting in weaker correlations. Knees with meniscal extrusion could 

show better correlations between JSW changes and changes in MRI-defined cartilage 

thickness: if the meniscus is extruded, it would have less influence on JSW change, and 

JSW changes would more likely be due to cartilage changes than due to the meniscus. 

The amount of loading on the knee could also affect the longitudinal correlations, as 

more loading during weight-bearing radiographic acquisition could result in weaker 

correlations with non-weight-bearing MRI. Knowledge of structural parameters on joint 

level or other parameters outside the joint and their possible impact on longitudinal JSW 

changes is important particularly in a clinical trial setting given that assessment of 

potential structural benefits of disease-modifying OA drugs (DMOADs) is still 

primarily based on radiographic outcomes, while MRI will play a greater role in the 

future and has been used already in a phase II b context of DMOAD evaluation [14-15]. 

The APPROACH study was funded as part of the Innovative Medicine’s Initiative 

(IMI). In this cohort, knee OA patients with an increased likelihood of two-year 

structural and/or pain progression were included. Many different types of data were 

collected, including radiographs and MRI scans, but also information on cartilage 

quality (T2 mapping), meniscal extrusion, and parameters that may cause increased 

loading (BMI) or unloading (as a result of knee pain). 

The current objective was to investigate the correlation between changes in radiographic 

JSW and MRI cartilage thickness in the IMI-APPROACH cohort over 24 months, and 

to explore the influence of factors that could contribute to weight-bearing related 

differences between the two methods. It was hypothesized that correlations between 

JSW and cartilage thickness changes would be weak, and higher quality cartilage, 
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having meniscal extrusion, knee pain-induced unloading and a lower BMI would each 

result in stronger correlations. 

Materials and methods 

Participants 

In the IMI-APPROACH cohort, 297 participants with knee OA were included in five 

European centers and followed for 2 years. The cohort description, inclusion and 

exclusion criteria, and investigation schedule have been published previously [16]. For 

all participants, their index knee was selected based on American College of 

Rheumatism (ACR) criteria. If both knees met the ACR criteria, participants indicated 

their most affected knee to use as index knee; if participants indicated no difference, the 

right knee was chosen as index knee. Participants visited the hospital at baseline, 6 

months, 1 year, and 2 years, where semi-flexed posteroanterior (PA) radiographs 

according to the Buckland-Wright protocol and 1.5 T or 3 T MRI scans of the index 

knee were performed [17]. Radiographic acquisition was standardized using a foot 

platform, which ensured the desired leg positioning and rotation with respect to the 

beam and detector. The most affected tibiofemoral compartment (medial or lateral) was 

determined for all knees by two readers in consensus by looking at the characteristics 

used in OA scoring systems (JSW, osteophytes, sclerosis), using radiographs at the 

latest follow-up moment (two years). In the current study, only participants with 

predominantly medial OA (medial most affected) were included. 

The study was approved by the regional ethical committees and Institutional Review 

Boards (UMC Utrecht, Leiden University Medical Center, Complejo Hospitalario 

Universitario de A Coruña, AP-HP Saint-Antoine Hospital, and Diakonhjemmet 
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Hospital) and was conducted in compliance with the study protocol, Good Clinical 

Practice (GCP), the Declaration of Helsinki, and the applicable ethical and legal 

regulatory requirements. All participants have received oral and written information and 

provided written informed consent. 

Longitudinal data acquisition 

From all radiographs, the mean medial and minimum JSW were measured using Knee 

Images Digital Analysis (KIDA) software [18, 19]. The MRI protocol at all available 

time points included 3D SPGR scans (see Supplementary Table S1 for technical 

details), from which the quantitatively measured medial femorotibial cartilage thickness 

(MFTC) was obtained by manual, quality-controlled cartilage segmentation 

(Chondrometrics GmbH, Freilassing, Germany). 

Influencing factors 

Cartilage quality was assessed in all but one center using T2 mapping MRI taken at the 

6-month visit. Similar to MFTC measurements, T2 values of the FT cartilage were 

obtained by manual, quality-controlled cartilage segmentation (Chondrometrics GmbH, 

Freilassing, Germany). The average medial FT cartilage T2 values were calculated for 

each participant, after which they were divided into three evenly sized groups (lowest, 

middle, and highest T2 values). 

Meniscal extrusion was assessed using semi-quantitative MRI Osteoarthritis Knee 

Scores (MOAKS) on sagittal and coronal intermediate weighted fat suppressed 

sequences at baseline (Supplementary Table S1) by one experienced observer (FWR). 

In the medial compartment, anterior (on sagittal image) and medial (relative to medial 
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tibial margin on coronal image) meniscal extrusion were scored, with each score 

ranging 0–3: grade 0: < 2 mm; grade 1: 2 to 2.9 mm, grade 2: 3–4.9 mm; grade 3: > 5 

mm [20]. Participants were divided into two groups: those without (MOAKS score 0 for 

both anterior and medial) or with (MOAKS score ≥ 1 for anterior and/or medial) any 

meniscal extrusion in the medial compartment. 

Potential pain-induced unloading was assessed at baseline using the Numerical Rating 

Scale (NRS) of pain for the index knee and contralateral knee separately. It was 

speculated that participants might partially unload their index knee if it was 

significantly more painful than the contralateral knee. As this would influence the 

amount of loading during weight-bearing radiographic acquisition (but not during non-

weight-bearing MRI acquisition), it could influence the correlations between ΔJSW and 

ΔMFTC as well. At least 3 points higher NRS in the index knee compared to the 

contralateral knee (at least two times the minimum clinically significant difference) was 

considered significantly more painful [21]. Participants were divided into two groups: 

those without (< 3 higher NRS pain in index knee) or with (≥ 3 higher NRS pain in 

index knee) potential pain-induced unloading. 

Lastly, the amount of loading could be influenced by the participant’s BMI as well, with 

higher BMI causing increased loading during weight-bearing radiographic acquisition. 

BMI was measured at baseline and participants were divided into three groups: healthy 

(BMI < 25), overweight (25 ≤ BMI < 30), and obese (BMI ≥ 30). 

Statistical analysis 

Medial and minimum JSW and MFTC were evaluated only descriptively at baseline and 

2 years with mean and standard deviations (SD), as the 2-year changes in this cohort 
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have been reported more elaborately previously [22-24]. Influencing factors were 

evaluated descriptively for each group separately using mean and SD for continuous 

variables (T2 values and BMI) and number and percentage of participants for 

categorical variables (meniscal extrusion and NRS). 

Changes in JSW (ΔJSWmed and ΔJSWmin) and MFTC (ΔMFTC) were calculated 

using linear regression, using the regression coefficients to express changes over the 2-

year period. This way all available measurements (baseline, 6 months, 1 year, and 2 

years) are taken into account, decreasing the influence of individual outliers or 

measurement errors. Only patients with JSW and MFTC measurements at baseline, 2 

years, and at least one other time point were included in the current study. 

Pearson correlations were calculated between ΔJSWmed and ΔMFTC and between 

ΔJSWmin and ΔMFTC. The possible influence of the four different factors mentioned 

above on these correlations was assessed using linear regression models, for each factor 

separately. Specifically, the correlation slope (B; i.e., unstandardized regression 

coefficient, indicating mm ΔJSWmed or ΔJSWmin in response to a mm ΔMFTC) and 

strength (Pearson R/standardized regression coefficient β) were compared between 

groups using univariate general linear models. For the slope, ΔJSWmed and ΔJSWmin 

were used as dependent variables (in separate models) and ΔMFTC, group, and 

interaction term as independent variables. For the strength, the same models were used, 

but with changes (ΔJSWmed, ΔJSWmin and ΔMFTC) standardized per group. If there 

was a statistically significant difference between groups in slope or strength (interaction 

term p < 0.05), correlations between ΔJSWmed and ΔMFTC and between ΔJSWmin 

and ΔMFTC were analyzed separately per group, and visualized in correlation graphs. 

Pearson R between 0.00 and 0.19 was considered very weak, 0.20–0.39 weak, 0.40–
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0.59 moderate, 0.60–0.79 strong, 0.80–1.00 very strong; a p-value of < 0.05 was 

considered statistically significant [25]. 

Results 

Participants 

The required JSW and MFTC data was available for 178 participants with 

predominantly medial OA, with mean age 66.1 years (SD 7.1 years), BMI 27.6 (5.0) 

kg/m2, and of which 47 (26.4%) were male. 

T2 mapping data was available for 151 participants; group 1 (lowest values) and group 

3 (highest values) both consisted of 50 patients and group 2 (middle values) of 51 

patients. Data on MOAKS meniscal extrusion was available for 173 participants, of 

which 69 had no extrusion (group 1) and the other 104 did (group 2). Full MOAKS 

meniscal pathology is shown in Supplementary Table S2. NRS pain-induced unloading 

was available for 173 participants, of which 141 did not (group 1) and 32 did (group 2) 

show at least 3 points higher NRS pain in the index knee and thus possible pain-induced 

unloading. BMI was available for all 178 participants, of which 60 had a healthy BMI 

(group 1), 62 were overweight (group 2), and 56 were obese (group 3). Mean JSW and 

MFTC data at baseline and 2 years, as well as an overview of the influencing factors for 

each group, are shown in Table 1. 

Correlations 

For all participants together, correlations of ΔJSWmed (B = 1.18; R = 0.34; p < 0.001) 

and ΔJSWmin (B = 0.88; R = 0.22; p = 0.003) with ΔMFTC were statistically significant 

but weak. 
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Comparing the correlations between groups based on T2 values showed there was a 

statistically significant difference in strength for the correlation between ΔJSWmin and 

ΔMFTC (p = 0.045), while the slope did not differ significantly (p = 0.058) and the 

correlation between ΔJSWmed and ΔMFTC did not differ between groups for either 

slope (p = 0.616) or strength (p = 0.200). Further evaluation showed that those 

participants with the healthiest cartilage (lowest T2 values; group 1) showed statistically 

significant, moderate correlations, while the other two groups did not (Table 2). 

Comparing correlations between groups based on meniscal extrusion showed a 

statistically significant difference in slope (p = 0.001) and strength (p = 0.001) for the 

correlation between ΔJSWmed and ΔMFTC, while both slope (p = 0.514) and strength 

(p = 0.258) did not differ significantly for the correlation between ΔJSWmin and 

ΔMFTC. Further looking at the two groups showed that only those participants with 

meniscal extrusion (group 2) showed statistically significant and weak-moderate 

correlations, while participants without extrusion (group 1) did not (Table 3). 

Comparing groups based on potential pain-induced unloading showed there was no 

significant difference for correlations in either strength or slope (all p > 0.65; 

Supplementary Table S3). Similarly, comparing groups based on BMI-induced loading 

showed no difference in correlation strength or slope either (all p > 0.21; Supplementary 

Table S4). 

Discussion 

While statistically significant, longitudinal correlations between radiographic JSW and 

MRI cartilage thickness were weak in the IMI-APPROACH cohort. The amount of 

weight-bearing did not seem to influence these correlations, but cartilage quality and 
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meniscal extrusion did, as participants with the lowest T2 values and with meniscal 

extrusion showed the strongest correlations. 

Values obtained by T2 mapping MRI reflect water content and cartilage collagen fiber 

content and orientation, and OA cartilage shows higher T2 values as a result of loss of 

collagen content and structure [26]. As hypothesized, participants with the lowest T2 

values, indicating higher cartilage quality and collagen structure integrity, showed the 

best correlations between ΔJSW and ΔMFTC. Lower quality cartilage as a result of 

lower collagen structure integrity could be more influenced by compression during 

weight-bearing, amplifying weight-bearing related differences between radiographic 

JSW and MRI cartilage thickness and causing weaker correlations between the two. In 

other words, JSW changes would better reflect cartilage thickness changes for knees 

with higher quality cartilage than for knees with lower quality cartilage. 

Similarly, knees in which meniscal extrusion was present showed the best correlations 

between ΔJSW and ΔMFTC. In knees without meniscal extrusion, correlations between 

ΔJSWmed and ΔMFTC even showed negative B- and R-values, indicating a decrease in 

MFTC would result in an increase in JSWmed and vice versa. It was already shown 

previously that JSW is influenced by the meniscus [2, 27-28]. An alternative 

interpretation could be that, when using JSW as a surrogate measure for cartilage 

thickness, the presence of the meniscus disturbs the relation they show. As such, JSW 

changes would better reflect cartilage thickness changes for knees with meniscal 

extrusion. In a future study, with a larger number of knees or more knees with severe 

meniscal extrusion, it could be worthwhile to evaluate whether the degree of extrusion 

matters as well. 
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It was also hypothesized the amount of weight-bearing would influence the relation 

between ΔJSW and ΔMFTC, as it was expected less loading would result in stronger 

correlations, but that was not the case. Both pain-induced potential unloading and BMI-

induced increased loading did not influence the correlations. In the case of pain-induced 

potential unloading, the amount of loading was not measured directly. Instead, it was 

assumed that participants with significantly more pain in their index knee would slightly 

unload this knee and put more weight on the contralateral knee. It might be that, despite 

significantly higher pain, participants did not actually put more weight on their 

contralateral knee during the acquisition of weight-bearing radiographs, possibly due to 

the use of a positioning frame during acquisition. However, the fact that increased 

loading in case of higher BMI did not significantly influence the relations between 

ΔJSW and ΔMFTC either suggests the amount of loading by itself does not matter. A 

previous study showed that for cross-sectional correlations between radiographic JSW 

and MRI cartilage thickness, loading may play a more important role in OA knees than 

healthy knees [29]. In the IMI-APPROACH cohort, around half of participants did not 

have radiographic OA, which might have influenced results in the current study, at least 

with respect to loading [23]. 

Unlike the other factors, T2 value cutoffs to determine the different groups were not 

based on a specific clinically relevant value. It would have been more ideal to, for 

example, separate healthy and OA cartilage or represent different stages of cartilage 

degradation. It is unfortunately difficult to determine appropriate cutoffs for this, as T2 

values are highly dependent on the local MRI setup and hardware (e.g., field strength) 

[30], which is why three evenly sized groups were created instead. In the current study, 

three centers acquired T2 mapping MRI using a 3.0 T scanner, but one center used 1.5 
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T. Excluding this center as a sensitivity analysis did not greatly changes the results: the 

groups with lowest and middle T2 values both showed significant relations between 

ΔJSWmed and ΔMFTC and between ΔJSWmin and ΔMFTC (all p < 0.04 and R > 0.33), 

while the participants with the highest T2 values did not (both p > 0.29 and R < 0.18). 

Also, to ensure the T2 mapping results are not just a bystander effect of OA severity 

influencing correlations, another sensitivity analysis was done by performing the T2 

value analyses for participants with and without radiographic OA separately. Both for 

knees without (Kellgren-Lawrence grade ≤ 1; 57% of knees) and with (grade ≥ 2; 43% 

of knees) radiographic OA, correlations differed significantly between the three groups 

based on T2 values, and in both cases only those with the lowest T2 values showed 

statistically significant correlations (data not shown). Also, there were no statistically 

significant differences in ΔJSWmed, ΔJSWmin or ΔMFTC between the three T2 groups 

(all p > 0.05), so the amount of change likely did not influence the conclusions for T2 

values either. Of note, knees with meniscal extrusion did show a significantly higher 

decrease in ΔJSWmed, ΔJSWmin and ΔMFTC than those without meniscal extrusion 

(all p < 0.02). This might have influenced the difference between groups based on 

meniscal extrusion, as smaller changes might be mainly the result of precision errors 

instead of actual change. 

An important limitation of the current study is that possible variations in knee 

positioning during acquisition, which is known to influence JSW measurements, was 

not taken into account. While radiographic positioning was standardized as much as 

possible, using one specific acquisition protocol in all centers and including a foot plate 

with triangular wedge to fixate rotation and positioning of the foot, small variations 

might still have occurred and could have influenced JSW measurements [3]. JSW 
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progression over time was checked for each knee individually by two readers to see 

whether there were deviating values, and if this was the case, all index knee radiographs 

of that knee were compared. If images showed incorrect positioning, JSW (and other 

radiographic measurement) values were removed. Also, regression coefficients were 

used for changes over time in the current study specifically to decrease the influence of 

outliers at one time point, which could be caused by positioning or measurement errors. 

Still, despite these measures, radiographic positioning might have had some influence 

on JSW changes. 

While the current study provides some indications which factors are important when 

comparing changes in radiographic JSW and MRI cartilage thickness and which are not, 

future studies should investigate a combination of factors, for example with stepwise 

regression analyses. It could be possible that the amount of loading, for example, is not 

an important factor by itself, but could result in a stronger effect of other factors. For 

instance, a higher BMI might result in a more pronounced effect of cartilage quality or 

meniscal extrusion when comparing ΔJSW and ΔMFTC. Furthermore, other potentially 

important factors could be included that were not taken into account in the current 

study, such as radiographic positioning or force plate measurements during radiographic 

acquisition to accurately measure the amount of loading. This way, it could be possible 

to detect how exactly weight-bearing JSW is made up of cartilage thickness, cartilage 

quality, meniscal extrusion, and other factors. As it is likely that radiographic JSW will 

keep being used in regular care and in clinical trials with little funding, it would be 

valuable to better understand what a change in JSW means and how it relates to a 

change in MRI cartilage thickness. Well-designed loaded and unloaded MRI studies 

would be of value in answering this question as well. Also, other measures of cartilage 



change over time could be included, such as worsening of semi-quantitative scores in 

the relevant central subregions. 

In conclusion, weight-bearing radiographic JSW changes are reflecting non-weight-

bearing MRI cartilage thickness changes particularly in knees with higher quality 

cartilage compositional parameters and with meniscal extrusion. The amount of loading 

on the knee does not influence the relation between these changes by itself, but 

combining multiple important factors in the future could provide a model that reflects 

how exactly changes in JSW represent relevant structural parameters, including 

cartilage thickness. This will be primarily of high relevance in the context of clinical 

trials given that structural success of DMOADs is still commonly based on radiographic 

outcomes. 
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Table 1 Overview of data and groups used in this study 

Parameter Mean ± SD or n (%) 

  

JSWmed, mm  

    - Baseline - 3.96 ± 1.18 

    - Two years - 3.92 ± 1.34 

JSWmin, mm  

    - Baseline - 2.52 ± 1.23 

    - Two years - 1.44 ± 1.23 

MFTC, mm  

    - Baseline - 2.93 ± 0.66 

    - Two years - 2.83 ± 0.71 

Cartilage quality, T2 mapping values in ms  

    - Group 1 (lowest; n = 50) - 35.1 ± 1.9 

    - Group 2 (middle; n = 51) - 40.1 ± 1.7 

    - Group 3 (highest; n = 50) - 48.4 ± 9.7 

Meniscal extrusion, score  

    - Group 1 (no; n = 69)  

        • Anterior 0         • 69 (100) 

        • Medial 0         • 69 (100) 

    - Group 2 (yes; n = 104)  

        • Anterior 0/1/2/3         • 55 (53)/31 (30)/17 (16)/1 (1) 

        • Medial 0/1/2/3         • 7 (7)/46 (44)/33 (32)/16 (15) 

Pain-induced unloading, NRS difference index knee—

contralateral knee 

 

    - Group 1 (no; n = 141)  

        • -2/-1/0/1/2         • 4 (3)/3 (2)/62 (44)/37 (26)/35 (25) 

    - Group 2 (yes; n = 32)  

        • 3/4/5/6/7         • 17 (53)/7 (22)/4 (13)/1 (3)/3 (9) 

BMI-induced loading, BMI in kg/m2  

    - Group 1 (healthy; n = 60) - 22.5 ± 1.7 

    - Group 2 (overweight; n = 62) - 27.1 ± 1.4 

    - Group 3 (obese; n = 56) - 33.6 ± 3.3 

  

 

SD standard deviation, JSWmed medial joint space width, JSWmin minimum joint space width, MFTC 

medial femorotibial cartilage, NRS numeric rating scale, BMI body mass index



Table 2 Correlations between ΔJSW and ΔMFTC for each group based on cartilage quality 

Cartilage quality group Correlation ∆JSW and ∆MFTC 

  

Lowest T2 values; n=50 

 

 ΔJSWmed: B=1.426; R=0.491; p<0.001 

∆JSWmin: B=2.012; R=0.526; p<0.001 

Medium T2 values; n=51 

 

 ΔJSWmed: B=0.753; R=0.155; p=0.278 

ΔJSWmin: B=0.556; R=0.107; p=0.454 



Highest T2 values; n=50 

 

 ΔJSWmed: B=0.880; R=0.251; p=0.079 

ΔJSWmin: B=0.369; R=0.100; p=0.489 

  

 

Figures show correlations between ΔJSWmed and ΔMFTC. JSWmed medial joint space width, JSWmin 

minimum JSW, MFTC medial femorotibial cartilage 



Table 3 Correlations between ΔJSW and ΔMFTC for each group based on meniscal extrusión 

Meniscal extrusión group Correlation ΔJSW and ΔMFTC 

  

Without extrusion; n=69 

 

 ΔJSWmed: B=-0.264; R=-0.082; p=0.505 

ΔJSWmin: B=0.532; R=0.109; p=0.374 

With extrusion; n=104 

 

 ΔJSWmed: B=1.514; R=0.432; p<0.001 

ΔJSWmin: B=0.955; R=0.282; p=0.004 

  

 

Figures show correlations between ΔJSWmed and ΔMFTC. JSWmed medial joint space width; JSWmin 

minimum JSW, MFTC medial femorotibial cartilage 

 


