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Gait characteristics and lower limb muscle strength in women with early and established knee 

osteoarthritis. 
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Abstract 

Background. Based on novel classification criteria using Magnetic Resonance Imaging, a subpopulation of 

“early knee osteoarthritis patients” was clearly defined recently. This study assessed whether these early 

osteoarthritis patients already exhibit gait adaptations (knee joint loading in particular) and changes in muscle 

strength compared to control subjects and established knee osteoarthritis patients.  

Methods. Fourteen female patients with early knee joint degeneration, defined by Magnetic Resonance Imaging 

(early osteoarthritis), 12 female patients with established osteoarthritis and 14 female control subjects 

participated. Specific gait parameters and lower limb muscle strength were analyzed and compared between 

groups. Within the osteoarthritis groups, association between muscle strength and dynamic knee joint loading 

was also evaluated. 

Findings. Early osteoarthritis patients presented no altered gait pattern, no significant increase in knee joint 

loading and no significant decrease in hamstring muscle strength compared to controls, while established 

osteoarthritis patients did. In contrast, early osteoarthritis patients experienced significant quadriceps weakness, 

comparable to established osteoarthritis patients. Within the osteoarthritis groups, muscle strength was not 

correlated with knee joint loading during gait. 

Interpretation. The results suggest that gait changes reflect mechanical overload and are most likely the 

consequence of structural degeneration in knee osteoarthritis. Quadriceps weakness might however contribute to 

the onset and progression of the disease. This study supports the relevance of classification of early osteoarthritis 

patients and assists in identifying their functional characteristics. This helps to understand the trajectory of 

disease onset and progression and further develop more targeted strategies for prevention and treatment of knee 

osteoarthritis. 
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Introduction 

Knee osteoarthritis (OA) is the most common chronic joint disease and a major cause of pain and functional 

impairment in the aging population.1 It is more common among women than men2 and the prevalence is 

expected to increase due to aging of the population and rising prevalence of obesity.3 Given this anticipated 

increase in knee OA prevalence and related increase in economic costs,4 the need to identify risk factors for 

development and progression of knee OA is of key importance to optimize patient management.  

Several functional parameters have been studied in knee OA patients. However, these studies mostly include 

patients in a range of OA disease severity stages, as evaluated by the Kellgren and Lawrence (K&L) scale on 

radiography.5 Recently, there is an increasing interest in specifically identifying a subpopulation of “early knee 

OA patients”.6, 7 This cohort typically combines recurrent knee pain with structural changes not detected on 

conventional X-rays. Yet, the altered structural characteristics that are considered early degenerative joint 

changes are observed by arthroscopy or Magnetic Resonance Imaging (MRI). Therefore it may be advantageous 

to explore whether these early OA patients with early or mild joint degeneration also present functional 

impairments when compared to “healthy knees”. This might be helpful in understanding the trajectory of disease 

onset and progression.7  

It is well known knee OA patients alter their gait compared to controls.8-10 Given the role of aberrant knee joint 

loading in pathogenesis, the external knee adduction moment (KAM) which is a surrogate measure that is used 

to infer the medial compartment loading of the knee joint during walking11 has received particular attention.10, 12, 

13 The peak KAM and KAM impulse, which incorporates not only magnitude but also duration of the KAM, are 

significantly increased in knee OA patients, presenting indirect evidence of an increase in total knee joint loading 

during walking.9, 14, 15 The KAM is reported to be higher with greater OA severity, with magnitudes being lower 

with moderate severity.10, 15, 16 However, there is no evidence that less severe knee OA patients have an increased 

KAM compared to healthy controls.17 Consequently, whether mechanical knee loading is already altered for OA 

patients with early or mild knee severity remains unknown.  

Muscle strength significantly contributes to knee joint loading during walking18 with recent attention being 

focused on lower limb muscle strength among knee OA patients. While quadriceps muscle weakness is well 

documented among knee OA patients,19-21 hamstring muscle strength is less studied and the results are 

contradictory.21, 22  New evidence suggests hip muscles to be weaker in knee OA patients than in controls.23, 24 To 

date, it remains unknown whether lower limb muscle weakness is already present in early knee OA patients.   

Therefore the objective of this study was to evaluate whether early knee OA patients, evidenced by early joint 

degeneration on MR images as described by Luyten et al., 2012,7 already exhibit gait adaptations (knee joint 

loading in particular) and lower limb muscle strength deficits compared to control subjects. This study may 

strengthen the newly proposed classification criteria of early knee OA and may provide opportunity towards a 

more targeted approach for risk identification and management of knee OA patients. 

 

Methods 
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Forty women participated in this study. Subject characteristics are listed in Table 1. All procedures were 

approved by the local ethical committee of Biomedical Science, KU Leuven, Belgium. A written informed 

consent was obtained from each subject. The study was conducted in accordance with the declaration of Helsinki 

– Ethical Principles for Medical Research Involving Human Subjects. 

All participants were referred for a physical exam and standard anterior-posterior weight-bearing radiographs in 

fixed flexed position were taken bilaterally (Siemens, Siregraph CF, Agfa CR HD5.0 detector 24*30).  Each 

radiograph was graded by a single experienced observer (FPL) to confirm and classify presence of structural 

knee OA based on the K&L grading scale with recent adjustment.25 The intra- and inter-rater reliability of the 

K&L grading scale is high (r > 0.85).26 The (most) affected side (clinical and structural) for all OA patients and 

the side with K&L grade 0 (bicompartimental) for controls was selected for further analysis. For all participants, 

MRI of this selected knee was performed on a 3.0 T scanner (Philips Achieva TX, Philips Medical Systems, 

Best, The Netherlands) using an eight-channel phased array knee coil in a non-weight bearing supine position. 

Semiquantitative scoring of specific structural features in the tibiofemoral joint was performed separately by two 

readers (NN, GVDS) using the standardized Boston-Leeds Osteoarthritis Knee Score (BLOKS) scoring 

system.27 For 91% of all scored items full agreement between both readers was achieved. Disagreements were 

resolved by consensus.  

OA patients were recruited by a rheumatologist or orthopedic surgeon during weekly consultations in the 

University Hospitals Leuven. 

Diagnosis of early medial knee OA (n = 14) was based on novel classification criteria of Luyten et al,7 including 

fulfillment of three criteria, namely knee pain, a K&L grade 0, 1 or 2-(osteophytes only) for the medial 

compartment on radiography and presence of two of four MRI criteria: (1) ≥ BLOKS grade 2 for size cartilage 

loss, (2) ≥ BLOKS grade 2 for percentage full-thickness  cartilage loss , (3) signs of meniscal degeneration and 

(4) ≥ BLOKS grade 2 for size of bone marrow lesions (BMLs) in any one compartment. 

Established medial knee OA (n = 12) was diagnosed based on slightly adapted American College of 

Rheumatology (ACR) classification criteria,28 including knee pain, age above 50, stiffness less than 30 minutes 

and crepitus, together with structural changes defined as presence of minimum grade 2+(osteophytes and joint 

space narrowing), on  K&L scale for the medial compartment on radiography, indicating a moderate to severe 

disease severity. Patients with a higher K&L grade on the lateral than on the medial compartment of the same 

knee were excluded. 

Control subjects (n = 14) were recruited from cultural and social organizations and were asymptomatic, had no 

history of knee OA or other pathology involving any lower extremity joints. On radiography both knees had a 

K&L grade 0 or 1. 

Subjects were excluded from either group if they had musculoskeletal disorders other than knee OA in both 

lower limbs in the last 6 months, previous surgery of lower extremities and/or low back, neurological disorders, 

chronic intake of corticosteroids or contra-indications for MRI. 

Clinical assessment 
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Assessment of knee joint alignment 

Knee joint alignment was measured by a single experienced observer (NN) on full-leg, anterior-posterior, 

weight-bearing radiographs of the lower limbs (Oldelft, Triathlon, Agfa ADC M Compact Plus).29 Malalignment 

≤ -2° or ≥ 2° was classified as valgus or varus alignment respectively. Knee alignment between -2° and 2° was 

classified as neutral alignment. In a sample of 10 radiographs randomly selected from this study group, intra-

rater reliability for determining mechanical axis was very high (intraclass correlation coefficient (ICC) = 0.998). 

Assessment of knee symptoms and function 

All subjects filled in the Knee Injury and Osteoarthritis Outcome Score (KOOS) (Dutch version), which has 

proved to be valid and reliable for knee OA patients.30 The KOOS has five separate subscales.  To assess 

subjects’ signs/symptoms of knee OA the subscales ‘pain’ and ‘symptoms’ were extracted. To assess subjects’ 

self-reported physical performance the subscale ‘Activities of Daily Living (ADL)’ was used. A transformed 

score from 0 to 100 was calculated for each subscale, with 100 as best possible result.  

Objective physical performance was assessed by two functional tests. The Timed “Up & Go” test (TUG) 

measured the time taken to stand from a chair, walk three meters, turn around, return to the chair and sit down. 

The “Stair Climbing Test” (SCT) measured the time required to ascend five steps, turn around and descend five 

steps. Both tests were performed three times and mean values were calculated.  

Gait analysis  

An integrated data collection was performed including three dimensional (3D) motion capture with force plate 

recordings synchronously:  

An active 3D motion analysis system (Krypton, Metris) recorded the position of 27 LEDs at a sampling 

frequency of 100 Hz. Fifteen LEDs placed on five technical clusters were fixed bilaterally to the lateral thighs 

and lateral lower legs, and posterior to the pelvis. An additional 12 LEDs were placed bilaterally on the anterior 

superior iliac spine, lateral femoral epicondyle, lateral malleolus, calcaneus, fifth metatarsal head and the 

midfoot. The clusters and individual LEDs were affixed using double sided tape and further secured with sports 

tape. An anatomical calibration procedure defined the relationship between clusters and anatomical landmarks.  

A force plate (Bertec Corporation, Ohio, USA), embedded in the middle of the walkway, measured ground 

reaction forces and moments sampled at 1000 Hz.  

During gait analysis, all subjects performed level walking trials along a 12 m walkway at self selected speed. No 

specific instructions other than ‘walk naturally’ were given to the subjects to prevent subjects of targeting the 

force plate. Trials were repeated until three clean force plate strikes, visually verified by the test leader, were 

confirmed. As footwear is variable and would influence the loads on the lower extremity joints,31 barefoot 

walking was chosen in order to optimize standardization.   

Initial processing of marker data in Matlab (Mathworks, inc.) involved marker labeling and smoothing using 

Woltring’s quintic spline routine.32 After initial pre-processing,  joint kinematics and kinetics were calculated 

using Open Sim.33 For each subject a generic musculoskeletal model of the lower limbs was scaled to match 

subject’s anthropometry. This model contains 18 degrees of freedom (DOF) and was accommodated to include 
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knee varus-valgus mobility.34 Kinematics and inverse dynamics procedures were used to calculate joint angles 

around these DOF and joint moments respectively. Low-pass filtering (Butterworth, 4th order) with a cutoff of 

9Hz was applied to the kinematics and ground reaction forces. Joint angles were expressed according to EULER 

conventions and follow the ISB recommendations. All data were time normalized to a gait cycle, defined as time 

from initial contact to ipsilateral initial contact.  

For all kinematic and kinetic data, magnitude of peak values in relevant phases (stance phase (initial double 

stance, midstance, terminal double stance) and swing phase) was identified and averaged across different trials to 

obtain subject “ensemble” averages. All moments were expressed as external net moments and normalized to 

subjects’ body weight (Nm/kg).  

Muscle strength 

The Biodex System 3 Pro (Biodex Medical System, Shirley, NY, USA) was used to measure maximal voluntary 

muscle strength. Before every test session, the Biodex was calibrated and measurements were performed 

according to standard procedures.35 The protocol for muscle strength measurements are shown in Table 2. 

Muscle strength was measured isometrically for hip abduction, knee flexion and extension. Isokinetic strength 

was assessed for knee extension at slow and fast speeds in order to examine different aspects of muscle strength. 

All subjects received the same instructions and verbal encouragements during contraction to achieve maximal 

effort. For each test, the peak torque normalized for body weight (Nm/kg) was used for analysis. 

Intra-rater reliability was assessed by repeated testing on a subset of 12 subjects. High to very high ICC were 

found for all strength measurements between test and retest (ICC = 0.75-0.98). 

Statistical analysis 

Analyses were performed on the knee that was selected for MRI. Differences in MRI features between the early 

OA and control group were tested with a Fisher exact test or Mann-Whitney U test. To test for group differences 

in demographic and clinical characteristics, gait characteristics and muscle strength, a one-way Analysis of 

Variance (ANOVA) (data was normally distributed and equal variance was assumed) or a Kruskal-Wallis test 

(data was not normally distributed or equal variance was not assumed) was used. To test for group differences in 

alignment, a Fisher’s exact test was used. If needed Tukey post hoc tests were utilized in conjunction with the 

ANOVA’s and a Mann-Whitney U test with Bonferroni correction in conjunction with Kruskal-Wallis tests. To 

assess associations between muscle strength and knee joint loading during gait within the early OA and 

established OA group, Pearson product moment correlations were used. Statistical analysis was performed using 

STATISTICA software (version 10.0). The significance level was set at P < 0.05. 

 

Results 

All groups were comparable with respect to age, BMI and objective physical performance (TUG and SCT), as 

seen in Table 1. As expected, both OA groups had significantly more knee pain (both P < 0.001), symptoms 

(both P < 0.001) and worse self-reported physical performance (both P < 0.001) than controls, but without 

significant differences between the OA groups.  In the control and early OA group 43% and 71% of the subjects 
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had a neutral alignment respectively, while 50% of the established OA patients had a varus malalignment. 

However, the alignment was not significantly different between the three groups (Table 1). 

All early OA patients fulfilled the MRI classification criteria of early OA, while none of the controls complied. 

Early OA patients had significantly more BMLs (with higher scores for size and % surface area BML adjacent to 

subchondral plate), more cartilage lesions (with higher scores for size and % full-thickness cartilage lesions) and 

more signs of meniscal degeneration than controls (all P values are presented in Table 3). 

Gait parameters and knee joint loading  

Spatiotemporal variables.  No significant differences were found between the three groups for walking speed, 

stride and step length, step width and duration of stance and swing phase. Established OA patients presented a 

significantly longer initial double support phase than controls (P = 0.003; 95% CI:0.76 to 4.05% gait cycle) 

(Table 1).  

Kinematic variables.  None of the kinematic variables were significantly different between the early OA and 

control group. Significant differences were found between the early and established OA group as well as 

between the established OA and control group, as can be seen in figure 1 (A-C). Early OA patients showed 

significantly less knee adduction in stance phase (P = 0.024; 95% CI:-0.55 to -9.04°) (Figure 1B) and more 

maximal knee extension in late stance (P = 0.024; 95% CI:0.63 to 10.57°) (Figure 1C) than established OA 

patients. In stance phase, established OA patients showed significantly less maximal hip adduction (P = 0.002; 

95% CI:-2.37 to -11.88°) (Figure 1A), significantly more knee adduction (P = 0.005; 95% CI:1.63 to 10.11°) 

(Figure 1B) and less late stance maximal knee extension than controls (P = 0.036; 95% CI:-0.30 to -10.23°) 

(Figure 1C). In swing phase, the maximal hip abduction angle was significantly larger in established OA patients 

than in controls (P = 0.037; 95% CI:0.25 to 9.20°) and in early OA patients (P = 0.036; 95% CI:0.27 to 9.23°) 

(Figure 1A). No significant differences between the three groups were found for pelvis and ankle kinematics (not 

shown). 

Kinetic variables.  For all kinetic variables, no significant differences were found between the early OA and 

control group. As can be seen in Figure 1 D and E, significant differences were found between the early and 

established OA group as well as between the established OA and control group. In late stance, early OA patients 

showed a significant higher peak knee extension moment (P = 0.013; 95% CI:0.03 to 0.34Nm/kg) (Figure 1E) 

than established OA patients.  They also had a significantly lower first peak KAM (P = 0.028; 95% CI:-0.01 to -

0.25Nm/kg) and smaller KAM impulse (over the entire stance phase) (P = 0.030; 95% CI:-0.01 to -0.11Nm s/kg) 

than established OA patients (Figure 1D). Established OA patients showed a significant lower peak knee 

extension moment than controls (P = 0.016; 95% CI:-0.03 to -0.34Nm/kg) (Figure 2C). They also had a 

significantly higher first peak KAM (P = 0.040; 95% CI:0.01 to 0.24Nm/kg) and larger KAM impulse (P = 

0.019; 95% CI:0.01 to 0.11Nm s/kg) than controls (Figure 1D). No significant differences in hip or ankle 

moments were found between the three groups (not shown).  

Muscle strength 
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As seen in Figure 2, both patients with early and established OA had significantly weaker quadriceps than 

controls both for isometric and isokinetic measurements (all P values and 95% CI are shown in Table 4).  No 

significant differences were found between early and established OA patients. For isometric hamstring muscle 

strength, no significant differences were found between the early OA and control group and between both OA 

groups. Established OA patients had significant weaker hamstrings than controls. There were no significant 

differences between the three groups for hip abductor muscle strength. 

Correlation between muscle strength and knee joint loading during gait 

None of the hip or knee muscle strength measurements were significantly correlated with the magnitude of the 

first peak KAM or KAM impulse during gait in both the early OA (all P > 0.084) and established OA group (all 

P > 0.076). 

 

Discussion 

This exploratory study, using a recently proposed novel classification of early knee OA,7 assessed whether early 

OA patients differentiate from healthy controls or established OA patients in gait pattern and muscle strength. 

Results indicated that early OA patients did not alter their gait patterns nor increased knee joint loading or 

demonstrate significant hamstrings weakness compared to controls, while established OA patients did. In 

contrast, early OA patients exhibited significant quadriceps weakness, similar to quadriceps weakness of 

established OA patients.  

Gait parameters and knee joint loading 

Early OA patients did not exhibit an increase in peak KAM or KAM impulse, from which we can infer no 

increases in medial compartment knee joint loading during walking. Consistent with previous literature, the 

established OA group did show an increased KAM.9, 14, 15 All early OA patients had low K&L grades but showed 

evidence of cartilage degeneration, BMLs or meniscal degeneration on MRI. Established OA patients had higher 

K&L grades and showed more BMLs, more cartilage degeneration and/or more meniscal degeneration than early 

OA patients. Consistent with previous literature, our findings suggest a relationship between KAM magnitude 

and structural severity defined by K&L grade,15 presence of BMLs,36 cartilage defects37 and meniscal 

pathology.38 As the KAM is only increased in established OA patients, it is unlikely that a higher KAM is a risk 

factor in development of knee OA, but suggests that this could be a consequence of structural changes in the 

pathological knee joint. Our results thus further underscore the relationship between knee joint loading and 

structural disease progression.12, 13  

KAM magnitude has been related to pain levels, body mass and walking speed.39-41 The increased KAM in 

established and not in early OA patients could not be attributed to these factors, as both patient groups had 

similar pain levels and external moments were all normalized for body weight. In our study walking speed was 

not statistically different between the groups and removing the effect of speed from statistical analysis (by means 

of ANCOVA with walking speed as covariate) did not affect our results substantially. The use of walking speed 

as a covariate in gait studies has recently been criticized as speed is in fact inherently linked to the disease 
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process of knee OA.42 Varus malalignment has also been linked with KAM magnitude.16 In the present study, no 

statistically significant difference was found for alignment between the three groups. However, 50% of the 

established versus 21% of the early OA patients or controls showed evidence of varus malalignment (Table 1). 

This could have played a role in their increased KAM.  

Established OA patients also showed other significant differences in gait kinematics/kinetics, while early OA 

patients did not. Established OA patients showed a significant smaller maximal knee extension angle and 

significant lower peak knee extension moment in late stance, which is in agreement with previous studies.8, 14, 43 

Limitation in maximal knee extension angle in late stance could be caused by contracture or pain during end 

range extension. Early OA patients generally have more knee joint mobility and therefore less deficiency in 

dynamic range of motion than established OA patients. Previous studies also report a lower peak knee flexion 

moment in early stance,8, 44 which has been associated with quadriceps weakness or pain avoidance gait and 

could represent the intention to minimize knee joint loading.9, 44, 45 Although our established OA patients had 

significant quadriceps weakness, lower peak knee flexion moments in early stance were not observed. According 

to previous literature,8, 46, 47 established OA patients had significantly more hip abduction during stance. This 

larger hip abduction angle might be related to their varus malalignment as it was observed in our study that 

established OA patients with varus malalignment had a larger hip abduction angle during stance than those with 

neutral or valgus malalignment.  

Muscle strength 

Early and established OA patients showed similar quadriceps weakness. As quadriceps weakness is already 

present in early OA patients who have pain and early degenerative structural changes, it is plausible that 

quadriceps dysfunction already appears in initial stages of the disease process and could contribute to its onset 

and progression.  

Hamstring muscles were weaker in established OA patients, consistent with previous findings,21 but were not 

weaker in early OA patients, suggesting that hamstring muscle weakness does not contribute to the pathogenesis 

of knee OA. The finding of hip abductor weakness in knee OA patients23, 24 could not be confirmed in our study. 

Both OA groups had less hip abductor strength than controls, but differences were not statistically significant.  

Correlation muscle strength and knee joint loading during gait  

The increased KAM in established OA patients was not correlated with any muscle strength measurement. 

Consistent with previous findings, no correlation was found between quadriceps weakness and KAM.48, 49 The 

recent finding that higher hamstrings muscle strength is related to higher KAM48 could not be confirmed in our 

study. An influence of hip abductor muscle strength on knee joint loading through control of the pelvis in the 

frontal plane has been proposed,47, 50 however, this study indicated no relationship between hip abductor strength 

and KAM. The lack of relationship between muscle strength and knee joint loading is present in both early and 

established OA patients, which suggests that disease severity does not influence this relationship. As walking 

does not require maximal levels of muscle strength, it is possible that other factors such as change in 

neuromuscular control may contribute more to knee joint loading during walking than muscle strength. 
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Some limitations of this study should be taken into account. First, classification of early knee OA is still in its 

early phase and although the classification criteria have been proposed as a result of several rounds of 

discussions (Delphi approach) between rheumatologists and orthopedic surgeons, it needs to be further 

confirmed. Furthermore, knee OA is multifactorial and involves many interrelated factors that interact to 

produce biomechanical changes throughout the disease process. We recognize that we could not feasibly control 

for all potential confounders. For example, knee joint laxity has not been measured, although it can explain some 

variability in KAM.51 Moreover, this study only included female subjects. As gender differences in gait patterns 

and muscle strength are documented,52, 53 generalization of our results to male OA patients is not possible. In 

addition, due to the cross-sectional nature of this study, imputation of cause and effect of different parameters in 

knee OA must be looked at with caution. Well designed prospective studies are needed to determine 

pathomechanical factors of knee OA. Lastly, the group size was small in this exploratory study which precludes 

definitive conclusions at this stage. However, the findings are encouraging for further investigation in this area.  

 

Conclusions 

This study shows that, in contrast to established OA patients, early OA patients showed no altered gait pattern or 

increased knee joint loading compared to controls, which suggests that mechanical overload is probably a 

consequence of structural degeneration. Presence of quadriceps weakness in early OA patients makes it plausible 

that quadriceps weakness contributes to the onset and progression of the disease. Results of this study underscore 

the relevance of classification of early knee OA. Identifying specific functional features of early knee OA 

patients could assist in characterizing patients at risk for progression. This helps to comprehend the trajectory of 

disease development and progression and further develop more targeted strategies for prevention and treatment 

of knee OA. 
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Figure 2 
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Figure legends 

Figure 1.  Gait cycle waveforms for the three subject groups. Mean waveforms of the early OA group (         ), 
established OA group ( . . . ) and control group (    ) with standard deviation of the control group (thin vertical 
lines) are compared for hip adduction-abduction angle (A), knee abduction-adduction angle (B), knee extension-
flexion angle (C), external knee adduction moment (D) and external knee flexion moment (E). 
† significant difference between established OA group and control group based on ANOVA  with post hoc test 
(P<0.05) 
‡ significant difference between early OA group and established OA group based on ANOVA with post hoc test 
(P<0.05)  

Figure 2.  Muscle strength for the three subject groups. Mean maximal voluntary contraction and standard 
deviation of the early OA group, established OA group and control group were compared for isometric knee 
extension (A), isokinetic knee extension (B) and isometric knee flexion (C). 
† significant difference between established OA group and control group based on ANOVA with post hoc test 
(P<0.05) 
‡ significant difference between early OA group and control group based on ANOVA with post hoc test 
(P<0.05)  
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Table 1. Characteristics of control subjects, patients with early OA and patients with established OA    

Characteristics Control  
 
n = 14  

Early  
OA  
n = 14  

Established  
OA  
 n = 12  

P  P  
Established 
vs 
Control 

P  
Early 
vs 
Control 

P  
Established 
vs 
Early 

        
Age, years a 65.8 (9.9) 65.4 (8.9) 68.3 (6.8) 0.662    
Weight, kg a 63.4 (9.0) 72.0 (13.4) 73.1 (11.5) 0.069    
Height, m a 1.60 (0.06) 1.63 (0.06) 1.60 (0.05) 0.261    
BMI, kg/m2 a 24.8 (3.2) 27.1 (5.2) 28.6 (4.1) 0.082    
KOOS pain score b 100 (0) 72.2 (25) 68 (26.4) <0.001† <0.001† <0.001† 1.412 
KOOS symptoms score b 98.2 (3.6) 76.8 (14.3) 62.5 (16.1) <0.001† <0.001† <0.001† 0.079 
KOOS ADL score b 100 (0) 83.8 (27.9) 66.2 (22.1) <0.001† <0.001† <0.001† 1.461 
SCT, sec a 5.59 (1.01) 6.29 (1.60) 6.69 (1.80) 0.183    
TUG, sec a 5.09 (0.88) 5.75 (0.99) 5.87 (1.73) 0.219    
Static alignment c                   Neutral 
                                               Valgus 
                                               Varus 

43% (n = 6) 
36% (n = 5) 
21% (n = 3) 

71% (n = 10) 
7% (n = 1) 
21% (n = 3) 

42% (n = 5) 
8% (n = 1) 
50% (n = 6) 

0.143    

Medial compartment K&L score Grade 0: n = 14 
 

Grade 0: n = 3 
Grade 1: n = 9 
Grade 2-: n = 2 

Grade 2+: n = 7 
Grade 3: n = 3 
Grade 4: n = 2 

    

Self selected walking speed, m/s a 1.16 (0.20) 1.15 (0.11) 1.08 (0.14) 0.347    
Stride length, m a 0.94 (0.09) 0.83 (0.27) 0.90 (0.15) 0.263    
Step length, m a 0.39 (0.08) 0.36 (0.13) 0.37 (0.11) 0.636    
Step width, m a 0.20 (0.02) 0.23 (0.10) 0.21 (0.02) 0.318    
Stance duration (% gait cycle) a 63.3 (3.8) 66.0 (6.6) 66.1 (5.2) 0.309    
Swing duration (% gait cycle) a 36.7 (3.8) 34.0 (6.6) 33.9 (5.2) 0.309    
Initial DS duration (% gait cycle) a 8.6 (1.4) 9.6 (2.0) 11.0 (1.7) 0.004† 0.003† 0.302 0.099 
Terminal DS duration (% gait cycle) a 11.0 (2.2) 11.1 (2.2) 13.0 (2.3) 0.051    
Midstance duration (% gait cycle) a 
 

43.7 (4.1) 45.3 (5.5) 42.1 (3.6) 0.214    

OA = osteoarthritis; BMI = Body Mass Index; KOOS = Knee Injury and Osteoarthritis Outcome Score (range 0-100); ADL = Activities of Daily Living; SCT = Stair 
Climbing Test; TUG = Timed Up and Go Test; K&L = Kellgren &Lawrence (range 0-4); DS = double stance 
Data are presented as Mean (SD)a or Median (IQR)b . The P value corresponds to an ANOVA (with post hoc tests)a, Kruskal-Wallis test (with post hoc tests)b or Fisher’s exact 
test c comparing the three groups. †Significant difference between groups (P < 0.05) 
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Table 2. Test protocol for evaluating lower limb muscle strength 

 

Muscle strength measurement 
 

  

   
Isometric measurement Positioning angle (°) Procedure 
Hip abduction 30° hip abduction  5 s contraction – 10 s rest : 3 repetitions 
Knee extension 60° knee flexion  5 s contraction – 10 s rest : 3 repetitions 
Knee flexion 60° knee flexion 5 s contraction – 10 s rest : 3 repetitions 
Isokinetic measurement Velocity (°/s) Procedure 
Knee extension 60°/s 3 repetitions 
Knee extension 240°/s 5 repetitions 
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Table 3. MRI features of patients with early OA compared to control subjects 
 

MRI feature Control  
n = 14  

Early OA  
n = 14  

P  

    
Bone Marrow Lesions in TF joint    
Presence BMLs (yes) 1 (7%) 6 (43%) 0.077 
Amount BMLs (RS) 0 (0-1) 0 (0-3) 0.031†  
Max score for size BMLs (OS) 0 (0-1) 0 (0-3) 0.031†  
Cum score for size BMLs (OS) 0 (0-1) 0 (0-5) 0.031†  
Max score for % surface area BML adjacent to subchondral plate (OS) 0 (0-3) 0 (0-3) 0.049†  
Cum score for % surface area BML adjacent to subchondral plate (OS) 0 (0-3) 0 (0-8) 0.043†  
Cartilage lesions in TF joint    
Presence cartilage lesions (yes) 10 (71%) 13 (93%) 0.326 
Amount cartilage lesions (RS) 2 (0-3) 2.5 (0-4) 0.008†  
Max score for size of cartilage lesions (OS) 2 (0-2) 2 (0-2) 0.156 
Cum score for size of cartilage lesions (OS) 3.5 (0-6) 5 (0-8) 0.004†  
Max score for % full-thickness cartilage lesions (OS) 0 (0-1) 0.5 (0-2) 0.036†  
Cum score for % full-thickness cartilage lesions (OS) 0 (0-1) 0.5 (0-5) 0.028†  
Signs of meniscal degeneration    
Presence of signs of meniscal degeneration (yes) 3 (21%) 8 (57%) 0.019†  
Fulfillment of MRI criteria of early OA    
Presence of 2 of the 4 MRI criteria (yes) 0 (0%) 14 (100%) <0.001†  
    

OA = osteoarthritis; TF = tibiofemoral, BML = Bone Marrow Lesion, Max = maximal, Cum = cumulative, RS = Rational Scale, OS = Ordinal Scale 
Data are presented as Frequencies (%) or Median (range). The P value corresponds to a Fisher’s exact test or Mann-Whitney U test comparing both groups.  
†Significant difference between groups (P<0.05) 
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 Table 4. Maximal lower limb muscle strength of control subjects, patients with early OA and patients with established OA 

 

Muscle strength measurement Control  
                      
n = 14  

Early  
OA  
n = 14  

Established 
OA  
n = 12  

P  P  
Established 
vs 
Control (95% CI) 

P  
Early 
vs 
Control (95% CI) 

P  
Established 
vs 
Early 

        
Isometric muscle strength, Nm/kg        
Hip abduction 0.71 (0.22) 0.66 (0.16) 0.58 (0.22) 0.264    
Knee extension  1.72 (0.44) 1.25 (0.40) 1.10 (0.30) <0.001† 0.001† (-0.25 to -0.99) 0.007† (-0.12 to -0.83) 0.575 
Knee flexion  0.78 (0.21) 0.71 (0.23) 0.54 (0.20) 0.021† 0.019† (-0.04 to -0.44) 0.693 0.109 
Isokinetic muscle strength, Nm/kg        
Knee extension (60°/s) 1.30 (0.35) 1.00 (0.34) 0.71 (0.24) <0.001† <0.001† (-0.28 to -0.89) 0.047† (-0.01 to -0.59) 0.069 
Knee extension (240°/s) 0.73 (0.14) 0.54 (0.21) 0.43 (0.17) 0.001† <0.001† (-0.13 to -0.47) 0.020† (-0.03 to -0.35) 0.287 
        

OA = osteoarthritis 
Data are presented as Mean (SD). The P value corresponds to an ANOVA (with post hoc tests) comparing the three groups. When the P-value indicates a significant 
difference, the 95% confidence interval for the mean difference is presented. 
 †Significant difference between groups (P < 0.05) 
 


