
1 

 

The effects of knee pain on knee contact force and external knee adduction 

moment in patients with knee osteoarthritis 

Momoko Yamagata123, Masashi Taniguchi2, Hiroshige Tateuchi4, Masashi Kobayashi 5, Noriaki 

Ichihashi2 

1 Graduate School of Human Development and Environment, Kobe university, 3-11 Tsurukabuto, 

Nada-ku, Kobe, Hyogo 657-0011, Japan 

2 Department of Physical Therapy, Human Health Science, Graduate School of Medicine, Kyoto 

University, 53 Kawahara-cho, Shogoin, Sakyo, Kyoto 606-8507, Japan  

3 Research Fellow of the Japan Society for the Promotion of Science, 5-3-1 Kojimachi, Chiyodaku, 

Tokyo 102-0083, Japan 

4 Department of Preventive Physical Therapy, Human Health Sciences, Graduate School of Medicine, 

Kyoto University, Kyoto, Japan 

5 Kobayashi Orthopaedic Clinic, 50-35 Kuzetakada-cho, Minami-ku, Kyoto, 601-8211, Japan 

 

Corresponding Author: 

Momoko Yamagata 

Graduate School of Human Development and Environment, Kobe university, 3-11 Tsurukabuto, Nada-

ku, Kobe, Hyogo 657-0011, Japan  



2 

 

Tel: +81-78-803-7811. E-mail address: myamagata@ people.kobe-u.ac.jp  

Keywords: knee osteoarthritis; musculoskeletal model; gait; knee contact force; knee adduction 

moment  

Word Count: 3353 words 

 

Abstract 

Knee osteoarthritis (OA) is a major cause of knee pain, leading to physical dysfunction. 

External knee adduction moment (KAM), a surrogate measure of knee contact force 

(KCF) in the medial compartment, is related to knee pain, but the association between 

KCF and pain severity remains unclear. This study aimed to reveal the differences in KCF 

due to pain severity. Twenty-eight patients with knee OA were evaluated knee symptoms 

including pain severity via the Knee Society Score. Based on the median symptom score, 

17 points in this study, subjects were classified as having Mild symptomatic OA (n = 15) 

and Severe symptomatic OA (n = 13). Subjects walked three times at a comfortable speed 

along a six-meter walkway, and we calculated KAM during the stance phase. KCF 

magnitude and distribution were also computed using the subject-specific 

musculoskeletal model, considering physical characteristics such as the femorotibial 

angle measured by X-ray. No differences in physical characteristics such as femorotibial 
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angle and gait speed were found by symptom severity, whereas KAM and medial KCF at 

minimum and second peak in Severe symptomatic OA patients were significantly greater 

than those in Mild symptomatic OA. A significant medial shift of KCF in Severe 

symptomatic OA was also seen at first peak and minimum. Severe symptomatic OA had 

a greater medial KCF and medial shift of KCF. Detailed evaluations of KCF magnitude 

and distribution in addition to KAM would provide crucial information on knee contact 

force in relation to symptom severity. 
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1. Introduction 

 

Knee osteoarthritis (OA) is a major cause of knee pain which can lead to 

physical dysfunction. While evaluating structural changes using X-ray is one way of 

representing the characteristics of knee OA, a previous study revealed that physical 

function in symptomatic knee OA is determined more by knee pain evaluated through 

a questionnaire than by structural change on X-ray (Creamer et al., 2000). Similar 

findings were also observed in several studies (Hochberg et al., 1989; McAlindon et al., 

1993), and it is clear that knee pain severity is a better predictor of physical dysfunction, 

such as walking disabilities, than radiographic severity. Given that gait biomechanics 

are different between asymptomatic and symptomatic patients with knee OA (Astephen 

Wilson et al., 2017; Sritharan et al., 2017), verifying biomechanical alterations with the 

severity of knee pain is a reasonable approach to providing a crucial information to 

prevent progression of knee OA and physical dysfunction. 

The external knee adduction moment (KAM) during gait is related to knee OA 

progression and knee pain severity (Miyazaki et al., 2002). Three indices in the KAM 

during the stance phase are typically evaluated: the first and second peaks in KAM 

occurring in the 0–50% and 50–100% stance phases and the minimum peak in KAM 
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occurring during the mid-stance phase (Astephen Wilson et al., 2017; Mündermann et 

al., 2005). Since KAM can be easily calculated using motion capture systems, it is 

widely used as a surrogate measure of medial knee contact force (KCFMedial) 

(Birmingham et al., 2007). On the other hand, a previous study measuring KCFMedial 

using instrumented knee implants has shown that there is a large variation in the 

correlation between KAM and KCFMedial due to high inter-individual variability (R2 = 

0.09 - 0.97) (Kutzner et al., 2013). Those findings, however, might be affected by 

several factors related to the surgery, such as alterations of muscle strength and joint 

structure. Clarifying the extent to which KAM reflects KCFMedial for the non-operated 

knee is essential in accurately using and interpreting KAM. 

Several studies compare KAM with estimated KCF using musculoskeletal 

modeling systems, including the AnyBody Modeling System (AnyBody, Aalborg, 

Denmark). A previous study on healthy older adults has concluded that KAM is 

relatively useful in reflecting KCFMedial during gait; it found moderate to strong 

correlations of KAM at the first and second peaks with KCFMedial (Ogaya et al., 2014). 

Conversely, another study on knee OA patients revealed that KAM at the first peak is a 

strong predictor of KCFMedial, but such a strong correlation was not seen in KAM at the 

second peak (Richards et al., 2018). The low correlation between second-peak KAM 
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and KCFMedial might result from the lower limb alignment. Since inter-individual 

differences in varus alignment would be greater in knee OA patients compared to 

healthy older adults (Matsumoto et al., 2015), a subject-specific model which considers 

the femorotibial angle (FTA) should be utilized, especially in knee OA patients. No 

studies, however, have explored the correlation between KAM and estimated KCFMedial 

using a musculoskeletal model considering subject-specific FTA.  

In addition to KCFMedial, medial-lateral KCF distribution is also used as an index 

for characterizing gait pattern. An earlier study showed that there were greater KCFMedial 

and lower KCF in the lateral compartment (KCFLateral) in knee OA patients, resulting in 

a KCF shift from the lateral to the medial compartment as compared to healthy adults 

(Mannisi et al., 2019). Furthermore, gait modifications used by knee OA patients such 

as toe-in gait and wide-steps gait have been shown to not change the KCFMedial, but to 

change the KCF distribution (KCFRatio; the ratio of KCFMedial relative to total knee 

contact force, KCFTotal) (Richards et al., 2018). There is a possibility that KCFRatio 

corrections reflect the comprehensive changes in KCFMedial and KCFLateral, which would 

make it a key factor in determining the relationship between gait pattern and knee pain. 

However, the difference in the estimated KCF-relevant variables including KCFRatio due 

to symptom severity is still unclear.  
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The purposes of this study were to reveal: 1) the correlation between KAM and 

KCFMedial considering subject-specific FTA, and 2) the differences of KCF-relevant 

variables due to symptom severity. We proposed the following hypotheses: 1) KAM has 

a strong correlation with estimated KCFMedial considering subject-specific FTA 

throughout the stance phase, and 2) KAM and estimated KCF-relevant variables in 

severe symptomatic OA patients would be greater than those in mild symptomatic OA 

patients.  
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2. Methods  

 

2.1. Subjects 

Twenty-eight female patients with symptomatic medial knee OA were recruited 

from one community orthopedic clinic. The sample size required for an unpaired t-test 

[effect size = 1.24 (large), α error = 0.05, power = 0.80] was calculated using the 

G*power software (version 3.1.; Heinrich Heine University, Düsseldorf, Germany), and 

the ideal sample size was 24. Using standing anteroposterior radiographs of the bilateral 

knees, an orthopedic surgeon determined the severity of knee OA based on the 

Kellgren/Lawrence (K/L) grade and measured the FTA as the lateral angle between the 

femoral and tibial anatomical axes (Hashimoto et al., 2019). The intraclass correlation 

coefficients (ICC) of FTA, medial joint space, and lateral joint space were strongly 

reliable [ICC(1,1) range, 0.947–0.998; ICC(1,1), 0.958–0.998; ICC(1,1), 0.888–0.995]. 

The inclusion criteria were as follows: radiographic medial OA (i.e. K/L grade ≥ 1) in one 

or both knees, no surgery to both limbs, no neurological or balance disorders requiring 

assistive devices, and could walk without an assistive device in daily life. We also 

included patients with K/L grade 1 for early knee OA (Mahmoudian et al., 2017). Prior to 

the experiments, all subjects were informed about the purpose and procedures of this 
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study and gave written informed consent. Ethical approval was granted by the Research 

Ethics Committee of Kyoto University. 

The symptom section (Symptom Score), which was derived from the Knee 

Society’s Knee Scoring System (KSS) 2011 Japanese edition (Taniguchi et al., 2015), 

was completed, with total scores ranging from 0 to 25 points. Higher scores indicated less 

severe symptoms. Based on the median symptom score, 17 points in this study, subjects 

were classified into two groups: 15 subjects with mild symptoms (Mild symptomatic OA; 

Symptom Score ≥ 17 points) and 13 subjects with severe symptoms (Severe symptomatic 

OA; Symptom Score < 17 points). This symptom score was almost equivalent to the 

median score in a previous study (Taniguchi et al., 2021). We also evaluated the functional 

part (Function Score) of the KSS which covers the patient’s ability to “walk and stand”, 

“Standard Activity”, and “Advanced Activities.” The maximum Function Score is 100 

points, with higher scores indicating less severe functional disability. The physical 

characteristics are shown in Table 1. 

 

2.2. Gait analysis 

After a static trial for calibration of the gait model, subjects walked along a six-

meter walkway at a comfortable speed. Kinematics data during walking were collected 
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using eight infrared cameras with motion capture systems (Vicon, Oxford, UK) sampling 

at 100Hz, and low-pass filtered at 6Hz with 4th order, zero-lag Butterworth filter. 

Reflective markers were placed based on the Vicon Plug-in-Gait full-body model marker 

placement protocol to define body segments. Ground reaction forces were measured using 

two force plates embedded in the walking path, sampling at 1000Hz (Kistler, Winterthur, 

Switzerland), and low-pass filtered at 20Hz with 4th order, zero-lag Butterworth filter 

(Tateuchi et al., 2017, 2014).  

To characterize the walking pattern, we calculated gait speed, cadence, and stride 

length. Using a standard inverse dynamics approach, the following variables on the more 

affected side based on symptoms were also evaluated with Vicon Nexus2.7.1 (Vicon, 

Oxford, UK): the first peak of KAM (KAM_p1), the second peak of KAM (KAM_p2), 

minimum KAM (KAM_min), and KAM impulse (integral of KAM during the stance 

phase). Note that KAM indices were not normalized by body weight in order to evaluate 

the absolute loading to the knee joint. Five practice trials were conducted, and the starting 

point was adjusted to allow the subjects to naturally step on the force plate. For further 

analysis, the variables were averaged across the three successful trials. 

 

2.3. Musculoskeletal model 
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To estimate the contact forces of the medial and lateral compartments in the knee 

joint, we used the Twente Lower Extremity Model version 2 (TLEM2) included in the 

Mocap Lower Body Model in the Anybody Modeling System v.7.1 (De Pieri et al., 2018). 

The model contains the following 11 segments: pelvis, both sides of femurs, patellas, 

shanks, talus, and feet. Eight joints providing 16 degrees of freedoms (DOFs) are 

included; hip and knee joints are modeled as spherical (3 DOFs), and talocrural and 

subtalar joints are modeled as hinges (1 DOF). The model of each lower limb contains 55 

muscles, and is divided into 169 elements. The muscle elements were modeled using a 

full-blown Hill model that consisted of contractile and viscoelastic elements. Since there 

was a possibility that the ligament structures in knee OA patients with a varus 

malalignment would differ from people with normal alignment, in the inverse dynamics, 

we did not include reaction moments in the mediolateral and transverse directions to 

account for resistance provided by the ligamentous structures of the knee joint. 

Initially, we created a scaled musculoskeletal model for each subject based on 

anthropometric data (Lund et al., 2015). FTA was measured in each subject and was 

applied to create a subject-specific model. Markers’ data during gait were used to optimize 

the lengths and widths of segments. Secondly, the scaled model and motion capture data, 

such as the markers’ trajectories and ground reaction forces, provided input data for 
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inverse dynamics analysis. For muscle forces, the numerical optimization procedure using 

a 3rd order polynomial muscle recruitment criterion was utilized to minimize the sum of 

muscle activation cubed. Muscle activity is defined as force delivered by the muscle (N) 

divided by maximum muscle strength (N) for the scaled physiological cross-sectional 

area. 

As one method to divide the total internal contact force of the knee joint into forces 

on the medial and lateral compartments, we added 12 nodes equally on the scaled medial 

and lateral condyles of the tibia to acquire joint reaction force, in addition to the center of 

the knee in the original model (Fig. 1). We defined medial and lateral internal contact 

forces as the sum of reaction forces acquired in the 12 nodes, and reported these as 

KCFMedial and KCFLateral. For further statistical comparisons, the values at three peaks for 

KCFMedial (KCFMedial_p1, KCFMedial_p2, and KCFMedial_min) and KCFLateral (KCFLateral_p1, 

KCFLateral_p2, and KCFLateral_min) were extracted. KCFRatio was also computed at the 

three peaks of KCFMedial (KCFRatio_p1, KCFRatio_p2, and KCFRatio_min). The KCFRatio was 

calculated as the ratio of KCFMedial to total knee contact force, and a value of 0.5 meant 

that there was an equal distribution of the load on the medial and lateral compartments, 

whereas a value greater than 0.5 indicated that there was a greater load on the medial 

compartment compared to the load on the lateral compartment.  
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2.4 Statistical analysis 

Pearson’s correlation analyses were performed to test the correlation between 

KAM and KCFMedial at p1, p2, and min.  

To test the differences in general gait parameters, KAM, and KCF-relevant 

variables (i.e., KCFMedial, KCFLateral, and KCFRatio) due to the symptom severity, unpaired 

t-tests were performed to compare between the Mild symptomatic OA and Severe 

symptomatic OA groups. To further understand the relationship between symptom 

severity and variables for knee loadings, two additional analyses were conducted: 

Spearman’s correlations of KAM and KCF-related variables with symptom score, and 

paired t-tests for comparisons between more and less affected limbs. All analyses were 

performed using SPSS (Version 18, PASW Statistics, Chicago) and the significance level 

was set at p = 0.05.  
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3. Results  

 

There were significant differences in the Function Score as well as the 

Symptom Score between groups (Table 1). No significant differences were found with 

regard to other physical characteristics. There were also no differences observed between 

the two groups in terms of gait speed, stride length, and cadence (Table 2). 

At the first peak, there was a moderate statistical association between KAM 

and KCFMedial (r = 0.68, p < 0.001). Stronger associations between KAM and KCFMedial 

were seen at the second peak (r = 0.75, p < 0.001) and at the minimum (r = 0.77, p < 

0.001). 

The results of between-group comparisons of knee joint moments and 

estimated KCF are shown in Figure 2. KAM_min, KAM_p2, KCFMedial_min, and 

KCFMedial_p2 in Severe symptomatic OA patients were significantly greater than those in 

Mild symptomatic OA patients (p < 0.05). KCFLateral_p1 in Severe symptomatic OA 

patients was significantly lower than that in Mild symptomatic OA patients (p < 0.05). 

Severe symptomatic OA patients had significantly greater KAM and KCFMedial impulses 

than Mild symptomatic OA patients (Table 3). KCFRatio in Severe symptomatic OA 

patients was also significantly higher than those in Mild symptomatic OA patients at the 
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first and minimum peaks (p < 0.05; Table 4). Similar results were observed from 

correlation analyses; KAM_min, KAM_p2, KCFMedial_min, and KCFMedial_p2 were 

increased with low symptom scores (KAM_min: ρ = -0.57, KAM_p2: ρ = -0.46, 

KCFMedial_min: ρ = -0.57, and KCFMedial_p2: ρ = -0.42), and KCFLateral_p1 was decreased 

with low symptom scores (ρ = 0.40). 

The results of the comparisons between the more and less affected lower limbs 

are shown in Table 5. KCFMedial_min, and KCFMedial_p2 in the more affected limb were 

significantly greater than those in the less affected limb (p < 0.05). No significant 

differences were found for the other variables. 

 

4. Discussion 

 

The main purpose of this study was to explore the correlation between KAM 

and KCFMedial in knee OA patients during gait, and the differences in KAM and KCF-

relevant indices by symptom severity. A moderate to strong correlation between KAM 

and KCFMedial was found throughout the stance phase, supporting our hypothesis that 

KAM was associated with KCFMedial. KAM and KCFMedial at the minimum and second 

peaks, and KCFRatio at the minimum and first peaks were significantly greater in Severe 
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symptomatic OA patients compared to Mild symptomatic OA patients. Severe 

symptomatic OA patients also displayed greater KAM and KCFMedial impulses compared 

to those with Mild symptomatic OA patients. These findings partly supported our 

hypothesis that KAM and KCF-relevant variables in severe symptomatic OA patients 

would be greater than those in mild symptomatic OA patients. This is the first study to 

verify that, upon consideration of the subject-specific alignment of the lower limb, the 

estimated KCF differs in relation to symptom severity in knee OA patients.  

Knee OA patients with severe symptoms had greater KAM_p2, KAM_min, and 

KAM impulse than patients with mild symptoms, and the correlation analysis revealed 

that KAM in mid- and late-stance phases increased with an increase in knee pain. 

KCFMedial also had a significant correlation with KAM. The lack of knee unloading and 

increased knee impulse with symptom severity was consistent with previous findings 

(Astephen Wilson et al., 2017). Since alterations by symptom severity have been 

observed even when comparing knee loading between individuals with the same 

radiographic severity (Thorp et al., 2007), high KAM during gait would be related more 

to severe pain than to a severe K/L grade. The relationship between the symptom severity 

and the knee loading during gait observed by inter-individual comparisons might not 

simply be applicable to the intra-individual comparisons given the results of the 
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comparisons between more- and less-affected lower limbs. However, we determined that 

KAM through the stance phase can be a reasonable substitute for KCFMedial estimated by 

a musculoskeletal model that considers patient-specific FTA. While causal relationships 

cannot be established, our results show that KAM is relatively useful in reflecting 

KCFMedial during the stance phase, and they implied that the lack of knee unloading and 

repetitive loading in the medial compartment might lead to severe pain.  

An earlier study has shown an associations of greater cartilage loss with a 

decrease in the co-activation of lateral knee muscles (vastus lateralis and biceps femoris) 

that reflect low KCFLateral (Hodges et al., 2016). Severe symptomatic OA in this study 

had low KCFLateral in addition to a tendency of having high KCFMedial during the earlier 

stance phase, resulting in an increase in the KCFRatio. In other words, OA patients with 

severe symptoms could not place their load in the lateral compartment, leading to the 

load shifting to the medial compartment. KCF distribution is affected by the distribution 

of muscle forces and ligament tension in addition to the frontal knee alignment (Adouni 

and Shirazi-Adl, 2014; Saliba et al., 2017), and the tension in lateral knee muscles and 

soft tissues play an important role in the avoidance of placing extreme loads on the 

medial compartment (Schipplein and Andriacchi, 1991). High activity of lateral knee 

muscles might also be helpful in increasing knee joint stability without increasing the 
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KCFMedial (Brandon et al., 2014). Given that there were no between-group differences in 

FTA in this study, the distribution of muscle forces controlling KCF distribution might 

be greatly related to symptom severity, implying that a re-distribution of muscle forces 

might be necessary to reduce knee pain.  

While a significant correlation between KAM and KCFMedial was found in this 

study, different elements such as muscle forces may account for differences in KCFMedial, 

unlike KAM. Indeed, previous studies have revealed that KAM reduction brought on by 

gait modification did not always correspond to KCF reduction (Kinney et al., 2013; 

Walter et al., 2010). Moreover, other studies have shown that pain mitigation brought on 

by different interventions did not affect KAM (Al-Khlaifat et al., 2016; Bennell et al., 

2010) and the gait modification for KAM reduction led to high co-activation of medial 

and lateral knee muscles that would increase KCF (Booij et al., 2020). The interventions 

focused on changing the distribution of muscle forces leading to a change in KCFMedial, 

as compared to an intervention focused on KAM reduction, might be an effective method 

of pain mitigation.  

In this study, knee OA patients with grades ranging from K/L grade 1 to 4 and 

FTA from 176 to 186 degrees were included. The advantage of this study was to use a 

patient-specific musculoskeletal model that considered the different varus alignments 
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across subjects. However, we did not consider the effect of ligaments. A previous study 

added certain reaction moments which account for joint resistance brought on by tension 

in the ligaments (Richards et al., 2018); however, we did not add this moment to our 

model since the ligamentous structures and tension in the knee may be altered in patients 

with large alignment deformations (Schulze-Tanzil, 2019). The differences in the methods 

may be one of the reasons why the magnitudes and time profiles of KCF in this study 

slightly differed from those in previous studies. A modified model which takes into 

consideration elastic ligament bundles would be necessary for future studies. 

There were some limitations to this study. First, we focused on only female 

patients in this study because females typically present with a higher prevalence (Neogi 

and Zhang, 2013; Prieto-Alhambra et al., 2014) and feel greater knee pain than males 

(Glass et al., 2014). However, considering that KAM during gait in female patients was 

lower than that in male patients (Kumar et al., 2015), it is possible that the same findings 

observed in this study might not be seen in male patients. Future studies considering sex-

related differences in the relationship between OA symptoms and knee loading during 

gait are therefore warranted. Second, the causal relationships between knee pain and KCF 

during gait are still unclear, thus a longitudinal study is needed. Finally, we could not 

identify why the results regarding the relationship between symptom severity and knee 
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loading was slightly different between inter- and intra-individual comparisons. One 

interpretation was that feeling knee pain itself might change the compensatory strategies 

resulting in such differences, although future studies are needed for a proper interpretation. 

 

5. Conclusions 

 

Knee OA patients with severe symptoms had greater KCFMedial, KCFRatio, and 

KAM during gait as compared to patients with mild symptoms, indicating that patients 

with severe symptomatic OA displayed a high magnitude of medial KCF and a medial 

shift of KCF. Detailed evaluations of KCF magnitude and distribution resulting from 

muscle force distribution in addition to KAM would be valuable in providing crucial 

information to develop a deeper understanding of the association between gait pattern 

and knee symptoms in knee OA patients. 
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Figure 1 

 
Fig 1. Schematic illustrations of muscles and reaction forces on medial and lateral 

compartments. For medial and lateral internal contact force, twenty nodes were equally 

added on the medial and lateral condyles of the tibia, separately. The blue dot represents 

the center of reaction force on each condyle. 
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Figure2 

 

Fig 2. Time profiles of knee loading indices: Averaged across subject data are shown with 

standard deviation shades from initial contact (0%) to toe off (100%) of the more affected 

side. Data in mild and severe symptom patients are shown in black solid line and red 

dotted line, respectively. Top panel: External knee adduction moment (KAM), Middle 

panel: Knee contact force on the medial compartment (KCFMedial), Bottom panel: Knee 

contact force on lateral compartment (KCFLateral). * Significant differences (p < 0.05) 

between groups.
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Table 1. Physical characteristics (n = 28) 

 

 
Mild symptomatic OA 

(n = 15) 

Severe symptomatic OA 

 (n = 13) 
p-value 95% CI 

Age (yr)  

Height (m)  

Weight (kg) 

Kellgren and Lawrence Grade  

(of the more affected knee) 

Femoro-tibial angle  

(of the more affected knee) 

Symptom Score 

Function Score 

67.4 (6.4) 

1.54 (0.05) 

53.4 (8.7) 

I: 3, II: 6, 

III: 4, IV: 2 

178.0 (2.8) 

 

19.4 (1.9) 

76.8 (13.6) 

71.1 (4.1) 

1.55 (0.06) 

58.7(6.7) 

I: 1, II: 3, 

III: 6, IV: 3 

179.3 (5.4) 

 

12.3 (3.0) 

63.2 (12.2) 

.091 

.651 

.087 

− 

 

.421 

 

.001 * 

.009 * 

-7.93 − 0.58 

-7.82 – 3.64 

-11.38 − 0.82 

− 

 

-4.56 –1.97 

 

5.08 – 8.95 

3.56 – 23.74 

The values are mean (SD). The 95% confidence intervals (CI) for the differences between Mild and Severe symptomatic OA are shown. * < 0.05. 
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Table 2. Gait variables  

 

 Mild symptomatic OA Severe symptomatic OA p-value 95% CI 

Gait Speed (m/s)  

Stride length (m)  

Cadence (steps/min) 

1.2 (0.2) 

1.1 (0.2) 

126.7 (7.9) 

1.1 (0.2) 

1.0 (0.1) 

119.4 (11.3) 

.109 

.416 

.074 

-0.03 − 0.27 

-0.07 − 0.16 

-0.45 – 14.50 

The values are mean (SD). The 95% confidence intervals (CI) for the differences between Mild and Severe symptomatic OA are shown.  

 

 

Table 3. Impulses of knee joint moments and internal knee contact forces (^102) 

 

 Mild symptomatic OA Severe symptomatic OA p-value 95% CI 

KAM (Nm.s)  

KCFLateral (N.s) 

KCFMedial (N.s)  

20.9 (7.5) 

218.8 (132.9) 

556.6 (132.6) 

32.3 (9.6) 

188.3 (82.8) 

707.9 (119.1) 

.002 * 

.481 

.004 * 

-18.06 − -0.48 

-57.16 – 118.15 

-249.86 – -52.73 

The values are mean (SD). The 95% confidence intervals (CI) for the differences between Mild and Severe symptomatic OA are shown. * < 0.05. 

 

 



34 

 

Table 4. Loading distribution 

 

 Mild symptomatic OA Severe symptomatic OA p-value 95% CI 

KCFRatio_p1 (norm)  

KCFRatio_min (norm) 

KCFRatio _p2 (norm) 

0.7 (0.1) 

0.7 (0.08) 

0.8 (0.1) 

0.8 (0.05) 

0.8 (0.05) 

0.8 (0.07) 

.034 * 

.044 * 

.319 

-0.14 − -0.01 

-0.11 – -0.002 

-0.10 – 0.03 

The values are mean (SD). The 95% confidence intervals (CI) for the differences between Mild and Severe symptomatic OA are shown. * < 0.05. 
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Table 5. Results of the comparison between more and less affected limbs 

 

 More affected limb Less affected limb p-value 95% CI 

KAM_p1 (Nm)  

KAM_min (Nm) 

KAM_p2 (Nm) 

35.9 (11.2) 

21.5 (9.0) 

28.6 (9.7) 

35.1 (10.7) 

19.9 (7.4) 

26.9 (8.9) 

.632 

.148 

.153 

-2.51 – 4.05 

-0.58 – 3.66 

-0.70 – 4.20 

KCFMedial_p1 (N*102)  

KCFMedial_min (N*102) 

KCFMedial_p2 (N*102) 

15.8 (3.8) 

9.0 (2.3) 

12.1 (2.5) 

14.8 (4.2) 

8.4 (2.5) 

11.2 (3.2) 

.127 

.044 * 

.037 * 

-0.32 – 2.38 

0.01 – 1.24 

0.01 – 1.86 

KCFLateral_p1 (N*102) 6.6 (4.0) 6.0 (3.3) .158 -0.27 – 1.56 

KCFRatio_p1 (norm)  

KCFRatio_min (norm) 

KCFRatio_p2 (norm) 

0.8 (0.09) 

0.8 (0.08) 

0.8 (0.08) 

0.8 (0.08) 

0.8 (0.08) 

0.8 (0.09) 

.982 

.558 

.605 

-0.03 – 0.03 

-0.04 – 0.02 

-0.03 – 0.16 

The values are mean (SD). The 95% confidence intervals (CI) for the differences between the more and less affected limbs are shown. * < 0.05. 

 

 


