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Abstract

Objective: To evaluate the degree of symmetry of knee osteoarthritis (OA) structural severity and 

progression of participants with a mean follow-up time of 3.8 years.

Design: Participants from the Genetics of Generalized Osteoarthritis (GOGO) study (n = 705) 

were selected on the basis of radiographic evidence of OA in at least 1 knee, availability of 

radiographs at baseline and follow-up, and no history of prior knee injury or surgery. Incidence 

and progression of osteoarthritis were determined by radiographic Kellgren-Lawrence (KL) grade; 

compartmental OA progression was determined by change in joint space width of lateral and 
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medial tibiofemoral compartments. Total OA progression was the sum of change in KL grade of 

both knees.

Results: Compared with left knees, right knees had more severe KL grades at baseline (p = 

0.0002) and follow-up (p = 0.0004), McNemar′s χ2 = 34.16 and 26.08, respectively; however, 

both knees progressed similarly (p = 0.121, McNemar′s χ2 = 10.09). Compartmental changes 

were symmetric across knees: medial r = 0.287, p = 0.0002; lateral r = 0.593, p = 0.0002. Change 

in joint space width in the medial compartment was negatively correlated with change in the 

lateral compartment of the same knee (left knees: r = −0.293, p = 0.021; right knees: r = −0.195, p 

= 0.0002).

Conclusions: Although right knees tended to have more severe OA at both baseline and follow-

up, radiographic progression did not differ by knee and compartmental progression correlated 

across knees. Given this trend in generalized OA, the risk of progression for both knees should be 

considered, even if only one knee has radiographic OA at baseline.
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1. Introduction

Osteoarthritis (OA) involves multiple joints, multimorbidity, and increased risk of mortality 

[1,2]. One study of polyarticular OA found a higher prevalence of OA in right than left 

knees [2]. Other studies indicate that unilateral structural knee OA is associated with 

contralateral knee OA over time, suggesting the need for complex evaluations of OA 

progression in both knees [3,4]. Symmetric patterns of polyarticular OA and incident knee 

OA have been observed [2,5,6], with moderate impact from genetic factors (Heritability:39–

45%) [6–8]. The goal of this analysis was to investigate patterns of symmetry of structural 

knee OA and progression in the Genetics of Generalized Osteoarthritis (GOGO) cohort [9]. 

We hypothesized that, in the absence of prior knee injury, the distributions of radiographic 

OA severity and progression would be greater for right knees than left knees. Notably, this 

cohort of large sample size–drawn from US and UK clinics–explores distributions of knee 

OA in the context of polyarticular OA, expanding our understanding of knee OA severity 

and progression in patients with additional joints affected by OA.

2. Methods

2.1. Study participants

As described previously [9], GOGO was a collaborative study involving seven academic 

sites in North America and England. Participants were recruited based on clinical hand 

OA (bony enlargement of >3 joints distributed bilaterally, including at least one distal 

interphalangeal joint, and no more than three swollen metacarpophalangeal joints), self-

identified white race, and at least one sibling with hand OA willing to participate. 

Institutional Review Board approval was obtained from all participating sites. Of note, all 

participants were selected independent of knee OA status. Body mass index (BMI, kg/m2) 

was measured at baseline. Participants were excluded based on a history of prior knee 
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surgery (including arthroscopic), or serious knee injury (requiring use of a cane, cast, or 

crutch for at least 2 weeks). To evaluate the pattern of progression after OA onset in at least 

one knee, we evaluated a subset of participants (n = 705; Fig. 1) with knee OA in at least one 

knee at baseline (Kellgren-Lawrence grade≥1) and baseline and follow-up radiographs from 

both knees (mean follow-up = 3.8 years; range = 1.4–6.6 years; Fig. 1).

2.2. Radiographs

Standing anteroposterior knee radiographs were scored for Kellgren-Lawrence (KL) grade 

[10]. Fixed-flexion knee radiographs obtained of each knee with the SynaFlexer™ 

positioning frame [9] were analyzed for minimum joint space width (mJSW) of medial and 

lateral compartments (in mm using calipers) for radiographs meeting the technical quality 

criterion (medial compartment tibial plateau inter-marginal distance≤1.5 mm). KL grade≥1 

was defined as structural knee OA. All radiographs were read by an expert musculoskeletal 

radiologist (JBR) with high intra-rater reliability (weighted kappa = 0.886) [11], and read 

paired and blinded to timepoint.

2.3. Data analysis

All analyses were performed using R (v4.0.0). McNemar-Bowker’s test, comparing 

distributions of outcomes, was performed to assess whether KL grades of left and right 

knees were evenly distributed; the result is significant if two tested variables have dissimilar 

distributions of outcomes. At baseline only, analysis was impeded by the lack of participants 

with extreme scores (right KL = 4 vs left KL = 0 and right KL = 0 vs left KL = 4). 

Therefore, to enable analysis, cells with count = 0 were recoded count = 5; resulting 

McNemar Χ2 and p-values were unaffected (Table S1). McNemar-Bowker’s test was used to 

assess whether OA progression (change in KL grade, ΔKL) was evenly distributed between 

knees. Negative ΔKL scores (n = 41 knees) were set to 0; ΔKL≥3 were grouped as an 

extreme change category (3+) given the limited occurrence.

At baseline, mean JSW measures of left and right knee compartments were compared by 

t-test. Change in minimum joint space width (ΔmJSW) was calculated for medial and lateral 

compartments of each knee and compared by Pearson correlation coefficient. Participants 

were excluded from analyses of compartmental ΔmJSW if their radiographs did not meet 

quality control criteria resulting in a sample of n = 458 participants. P-values were adjusted 

using Benjamini-Hochberg correction. Spearman correlation was used to evaluate whether 

ordinal total progression in knee OA (sum ΔKL for both knees) was associated with baseline 

BMI, age, and/or time to follow-up.

3. Results

3.1. Cohort characteristics

This sub-study sample (n = 705 participants, n = 1410 knees; Fig. 1) was 80.8% female, 

with baseline mean BMI 28.8 kg/m2 (SD = 6.2), and age 65.2 years (SD = 8.5). At baseline, 

526 participants (74.6%) had radiographic knee OA in both knees, 123 (17.4%) had right 

knee only OA, and 56 (7.9%) left knee only OA (Fig. 1). At follow-up, 597 (84.7%) 

participants had bilateral knee OA, 65 (9.2%) had right knee only OA, and 26 (3.7%) had 
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left knee only OA. Notably, 179 participants had unilateral OA at baseline, and 71 (40.0%) 

progressed to bilateral OA. Almost half of participants had equal KL grades in both knees 

at baseline and follow-up (47.4% and 50.1%, respectively; Fig. 2A and B). At follow-up, 

17 (2.4%) participants had KL grades of 0/0, likely due to inherent difficulty distinguishing 

KL grades 0 and 1, as 15 of these had knee scores 0 and 1 at baseline. Time to follow-up 

was weakly associated with total knee OA progression (sum ΔKL; rs = 0.110, p = 0.003, 

CI = [0.037, 0.183]). Neither baseline BMI nor age were significantly associated with total 

progression (rs = 0.043, p = 0.254, CI = [−0.031, 0.117] and rs = 0.049, p = 0.192, CI = 

[−0.025, 0.123], respectively).

3.2. Baseline and follow-up radiographic OA more severe in right knees

Baseline KL grades of right knees were more severe than left (McNemar′s χ2 = 34.16; 

degrees of freedom = 10; p = 0.0002) (Fig. 2A); this asymmetry was especially notable in 

participants with unilateral OA. For instance, the combination of right KL = 2 with left KL = 

0 was 2.6-fold more prevalent than right KL = 0 with left KL = 2 (Fig. 2A). Follow-up KL 

grades of right knees were also more severe than left knees (McNemar’s χ2 = 26.08; degrees 

of freedom = 10; p = 0.004) (Fig. 2B); this asymmetry was also notable in participants with 

unilateral OA. For instance, the combination of right KL = 2 with left KL = 0 was 4.3-fold 

more prevalent than right KL = 0 with left KL = 2 (Fig. 2B).

3.3. Knee OA progression symmetric across knees

Most participants (60.1%) had no change in either knee (Fig. 2C); when change did occur, 

right knees were not more likely to progress than left (McNemar′s χ2 = 10.09; degrees of 

freedom = 6; p = 0.121). Participants had small change scores: 162 (23.0%) had ΔKL = 1 in 

one knee and no change in the other; 55 (7.8%) had ΔKL = 1 in both knees; only 64 (9.1%) 

had ΔKL≥2 in at least one knee.

3.4. Progression at a compartmental level correlated in contralateral knees

Baseline mean mJSW values (mm) were: left lateral = 5.53 ± 1.5; right lateral = 5.58 ± 1.6; 

left medial = 3.72 ± 1.2; right medial = 3.79 ± 1.2. Mean baseline mJSW of left and right 

knee medial and lateral compartments were similar (p = 0.39 and 0.43, respectively). Mean 

ΔmJSW values were: left lateral = −0.08 ± 1.1; right lateral = −0.09 ± 1.1; left medial = 

−0.19 ± 0.7; right medial = −0.21 ± 0.8.

We used Pearson correlation to evaluate the symmetry of quantitative ΔmJSW across 

knees; of note, this methodology encompassed narrowing and widening of the compartment 

simultaneously so was not impacted by knee alignment status. Progression (ΔmJSW) of 

contralateral knees was weakly to moderately positively correlated by compartment (Medial: 

r = 0.287, CI = [0.200, 0.369], p = 0.0002; Lateral: r = 0.593, CI = [0.530, 0.649], p 

= 0.0002; Table S2); therefore, change in one compartment was congruent with change 

in the corresponding compartment of the contralateral knee (Fig. 2D and E). Change in 

mJSW was weakly negatively correlated between ipsilateral medial and lateral tibiofemoral 

compartments (Right: r = −0.195, CI = [−0.281, −0.105], p = 0.0002; Left: r = −0.293, 

CI = [−0.374, −0.207], p = 0.0002; Table S2); narrowing of the medial compartment joint 

space was reciprocated by widening of the ipsilateral lateral compartment joint space, 
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and vice-versa (Fig. 2F and G). Change in the left medial compartment was only weakly 

correlated with change in the right lateral compartment, while change in the right medial 

compartment was not associated with change in the left lateral compartment (Left Medial vs 

Right Lateral: rs = −0.133, CI = [−0.222, −0.042], p = 0.005; Right Medial vs Left Lateral: rs 

= −0.010, CI = [−0.101, 0.082], p = 0.832).

4. Discussion

To our knowledge, this study is the first to observe correlations of radiographic knee 

OA progression by knee compartment providing new evidence that progression is similar 

across knees and that compartmental progression is symmetric and positively correlated 

contralaterally, but negatively correlated ipsilaterally. We also support findings that knee OA 

is more severe in right knees [2] and unilateral radiographic OA tends to progress to bilateral 

OA [3,4].

Notably, correlations between the ipsilateral compartments were weak (r between −0.2 and 

0.3), likely due, at least in part, to the fact that 50% of knees did not progress and among 

progressors, the amount of progression varied. The negative correlation between medial 

and lateral compartments is likely due to pseudo-widening of the lateral compartment 

joint space—i.e. when the medial joint space narrows from cartilage degradation, the 

lateral compartment joint space widens in response. In contrast, lateral compartment change 

correlated moderately (r = 0.6) across knees, indicating that drivers of this change impact 

both knees with similar magnitude.

Knee OA progression was independent of BMI and baseline age, while time to follow-up 

was weakly correlated with progression, suggesting that more complex factors such as 

genetics, gait, knee alignment, and loading likely also impact progression [3,4]. Consistent 

with other reports [12,13], baseline age and BMI were not associated with radiographic 

progression. Furthermore, given that radiographic progression has been associated with 

high serum concentrations of hyaluronic acid and tumor necrosis factor α [13], knee OA 

progression is likely impacted by a confluence of morphological and biochemical factors.

A strength of this study is its large sample size and broad geographic origin—with 

participants from five medical centers in the USA and two in the UK. Follow-up times 

ranged from 1.4 to 6.6 (mean 3.8) years, allowing better assessment of progression than 

traditionally shorter follow-up times. Given that 65.1% of recruited participants were below 

BMI of 30 kg/m2, this study furthers our knowledge of OA in non-obese participants. 

This cohort is notable in that it documented knee compartmental joint space width and 

change over time; furthermore, it provides a unique investigation of knee OA in a subset of 

participants from a hand OA cohort and furthers knowledge of polyarticular OA.

There were several study limitations. Given that most participants (81%) were female, 

we did not perform gender stratified analyses. The GOGO study was an all-white cohort 

for purposes of simplifying genetic analyses; therefore, findings may not be generalizable 

to other groups. Although participants had a broad range of time to follow-up, only 1 

follow-up timepoint was obtained; frequent follow-up over a long period of time would 
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have allowed further discrimination of progression patterns. Compartmental mJSW could 

not be determined for some radiographs thereby reducing the power of compartmental level 

analyses of ΔmJSW. Consistent with variability of knee positioning and semi-quantitative 

scoring of the serial radiographs, some radiographs had negative ΔKL scores. Although 

not common in clinical practice, such a limitation could potentially be overcome by 3D 

imaging methods, such as magnetic resonance imaging (MRI), that might allow for more 

precise follow-up of OA changes, especially direct measurement of cartilage loss in contrast 

to an indirect measure as provided by radiographic JSW [14]. This study did not include 

assessment of radiographic progression in the patellofemoral compartment. Furthermore, we 

lacked knowledge of dominant leg so could not adjust for this in the model. However, it 

is estimated that approximately 12–24% of the population is ‘left-footed’ [15]; a similar 

proportion (20.6%) was identified in this study with more severe left KL grade than right 

at baseline. This suggests that the greater prevalence of more severe OA of right knees 

may be related to the greater prevalence of right foot dominance that in turn may relate to 

asymmetrical loading of the lower extremities.

In summary, we analyzed participants with knee OA drawn from a unique cohort with 

polyarticular OA, recruited on the basis of hand OA. Knee OA progression was symmetric 

based on overall change in knee KL grade and correlated by knee compartment. These 

results suggest that knee OA progression, in the context of polyarticular OA without injury, 

tends to occur symmetrically across knees. Clinicians and researchers should be aware of 

the bilateral “joint risk” when assessing the relationship between physical function and 

structural disease, and in prescribing physical and other therapies. Given the trend of 

progression across both knees, the contralateral knee may not be an appropriate comparator 

for an affected knee, even if it appears healthy at baseline.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Funding

GlaxoSmithKline (the GOGO cohort) and Duke Claude D. Pepper Older American Independence Center Grant 
NIH/NIA P30AG028716 (the analyses).

References

[1]. Deveza LA, Nelson AE, Loeser RF Phenotypes of osteoarthritis - current state and 
future implications, Clin. Exp. Rheumatol 37 (2019) 64–72. https://pubmed.ncbi.nlm.nih.gov/
31621574/. [PubMed: 31621574] 

[2]. Neame R, Zhang W, Deighton C, Doherty M, Doherty S, Lanyon P et al. ., Distribution of 
radiographic osteoarthritis between the right and left hands, hips, and knees, Arthritis Rheum. 50 
(5) (2004) 1487–1494. https://pubmed.ncbi.nlm.nih.gov/15146418/. [PubMed: 15146418] 

[3]. Metcalfe AJ, Andersson MLE, Goodfellow R, Thorstensson CA Is knee osteoarthritis a 
symmetrical disease? Analysis of a 12 year prospective cohort study, BMC Muscoskel. Disord 13 
(2012) 153. https://pubmed.ncbi.nlm.nih.gov/22917179/.

[4]. Brandt KD, Mazzuca SA, Katz BP, Lane KA, Buckwalter KA, Yocum DE et al. ., Effects 
of doxycycline on progression of osteoarthritis: results of a randomized, placebo-controlled, 

Alexander et al. Page 6

Osteoarthr Cartil Open. Author manuscript; available in PMC 2022 September 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://pubmed.ncbi.nlm.nih.gov/31621574/
https://pubmed.ncbi.nlm.nih.gov/31621574/
https://pubmed.ncbi.nlm.nih.gov/15146418/
https://pubmed.ncbi.nlm.nih.gov/22917179/


double-blind trial, Arthritis Rheum. 52 (7) (2005) 2015–2025, 10.1002/art.21122. https://
pubmed.ncbi.nlm.nih.gov/15986343/. [PubMed: 15986343] 

[5]. Bijsterbosch J, Meulenbelt I, Watt I, Rosendaal FR, Huizinga TW, Kloppenburg M Clustering of 
hand osteoarthritis progression and its relationship to progression of osteoarthritis at the knee, 
Ann. Rheum. Dis 73 (3) (2014) 567–572. https://pubmed.ncbi.nlm.nih.gov/23434569/. [PubMed: 
23434569] 

[6]. Botha-Scheepers SA, Watt I, Slagboom E, Meulenbelt I, Rosendaal FR, Breedveld FC et al. ., 
Influence of familial factors on radiologic disease progression over two years in siblings with 
osteoarthritis at multiple sites: a prospective longitudinal cohort study, Arthritis Rheum. 57 (4) 
(2007) 626–632. https://pubmed.ncbi.nlm.nih.gov/17471533/. [PubMed: 17471533] 

[7]. Magnusson K, Scurrah K, Ystrom E, ∅rstavik RE, Nilson T, Steingrímsdóttir ÓA et al. ., Genetic 
factors contribute more to hip than knee surgery due to osteoarthritis – a population-based 
twin registry study of joint arthroplasty, Osteoarthritis Cartilage 25 (6) (2017) 878–884. https://
pubmed.ncbi.nlm.nih.gov/27986619/. [PubMed: 27986619] 

[8]. Zhai G, Hart DJ, Kato BS, MacGregor A, Spector TD Genetic influence on the progression of 
radiographic knee osteoarthritis: a longitudinal twin study, Osteoarthritis Cartilage 15 (2) (2007) 
222–225. https://pubmed.ncbi.nlm.nih.gov/17045816/. [PubMed: 17045816] 

[9]. Kraus VB, Jordan JM, Doherty M, Wilson AG, Moskowitz R, Hochberg M et al. ., The Genetics 
of Generalized Osteoarthritis (GOGO) study: study design and evaluation of osteoarthritis 
phenotypes, Osteoarthritis Cartilage 15 (2) (2007) 120–127, 10.1016/j.joca.2006.10.002. https://
pubmed.ncbi.nlm.nih.gov/17113325/. [PubMed: 17113325] 

[10]. Kellgren JH, Lawrence JS Radiological assessment of osteo-arthrosis, Ann. Rheum. Dis 16 (4) 
(1957) 494–502. https://ard.bmj.com/content/16/4/494. [PubMed: 13498604] 

[11]. Jordan JM, Linder GF, Renner JB, Fryer JG The impact of arthritis in rural populations, Arthritis 
Care Res. 8 (4) (1995) 242e50, 10.1002/art.1790080407. 10.1002/art.1790080407. [PubMed: 
8605262] 

[12]. Kraus VB, Collins JE, Charles HC, Pieper CF, Whitley L, Losina E et al. ., Predictive 
validity of radiographic trabecular bone texture in knee osteoarthritis: the osteoarthritis research 
society international/foundation for the national institutes of health osteoarthritis biomarkers 
consortium, Arthritis Rheumatol. 70 (1) (2018) 80–87. https://pubmed.ncbi.nlm.nih.gov/
29024470/. [PubMed: 29024470] 

[13]. Bastick AN, Belo JN, Runhaar J, Bierma-Zeinstra SMA What are the prognostic factors for 
radiographic progression of knee osteoarthritis? A meta-analysis, Clin. Orthop. Relat. Res 473 
(9) (2015) 2969–2989. https://pubmed.ncbi.nlm.nih.gov/25995176/. [PubMed: 25995176] 

[14]. Guermazi A, Roemer FW, Felson DT, Brandt KD Motion for debate: osteoarthritis clinical 
trials have not identified efficacious therapies because traditional imaging outcome measures are 
inadequate, Arthritis Rheum. 65 (11) (2013) 2748–2758. [PubMed: 23861096] 

[15]. Packheisser J, Schmitz J, Berretz G, Carey DP, Paracchini S, Papadatou-Pastou M et al. ., 
Four meta-analyses across 164 studies on atypical footedness prevalence and its relation to 
handedness, Sci. Rep 10 (2020), 14501, 10.1038/s41598-020-71478-w. [PubMed: 32879356] 

Alexander et al. Page 7

Osteoarthr Cartil Open. Author manuscript; available in PMC 2022 September 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://pubmed.ncbi.nlm.nih.gov/15986343/
https://pubmed.ncbi.nlm.nih.gov/15986343/
https://pubmed.ncbi.nlm.nih.gov/23434569/
https://pubmed.ncbi.nlm.nih.gov/17471533/
https://pubmed.ncbi.nlm.nih.gov/27986619/
https://pubmed.ncbi.nlm.nih.gov/27986619/
https://pubmed.ncbi.nlm.nih.gov/17045816/
https://pubmed.ncbi.nlm.nih.gov/17113325/
https://pubmed.ncbi.nlm.nih.gov/17113325/
https://ard.bmj.com/content/16/4/494
https://pubmed.ncbi.nlm.nih.gov/29024470/
https://pubmed.ncbi.nlm.nih.gov/29024470/
https://pubmed.ncbi.nlm.nih.gov/25995176/


Fig. 1. 
GOGO Consort Diagram. Exclusion criteria applied to Genetics of Generalized 

Osteoarthritis cohort prior to analyses. BMI: body mass index; OA: osteoarthritis. Total 

participants by site: Duke University (n = 145), University of North Carolina at Chapel 

Hill (n = 128), Case Western Reserve University (n = 71), Rush Medical College (n = 

7), University of Maryland at Baltimore (n = 0), University of Nottingham (n = 170), and 

University of Sheffield (n = 184).
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Fig. 2. 
Knee KL Grades and Changes in Minimal Joint Space Width of Medial and Lateral 

Tibiofemoral Knee Compartments. Jitter Plots of right and left knees: A) KL Grades at 

Baseline; B) KL Grades at Follow-up; C) Change in KL Grades. Scatterplots displaying 

changes in joint space width, with Pearson correlations and significant p-values for: D) Left 

Lateral and Right Lateral compartments; E) Left Medial and Right Medial compartments; 

F) Left Medial and Left Lateral compartments; G) Right Medial and Right Lateral 

compartments.
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