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Abstract 34 

Background: An increase in the knee adduction moment is one of the risk factors of medial 35 

knee osteoarthritis. This study examined the relationship between knee adduction moment and 36 

self-reported pain and disability. We also investigated the influence of pain on the 37 

relationships between knee adduction moment and gait performance and disability. 38 

Methods: Thirty-eight Japanese women with medial knee osteoarthritis participated in this 39 

study (66.37 years (41–79 years)). Gait analysis involved the measurement of the external 40 

knee adduction moment impulse in the stance duration and during 3 subdivisions of stance. 41 

The total, pain and stiffness, and physical function Japanese Knee Osteoarthritis Measure 42 

scores were determined. 43 

Findings: The pain and stiffness, physical function, and total scores were positively 44 

correlated with the knee adduction moment impulses in the stance duration, and initial and 45 

second double support interval, and single limb support interval. The knee adduction moment 46 

impulse during the stance duration was related to the pain and stiffness subscale and gait 47 

velocity. The pain and stiffness subscale was related to the physical function subscale. 48 

Interpretation: Our results suggest that increasing in the knee adduction moment impulse, a 49 

proxy for loading on the medial compartment of the knee, is related to increased pain during 50 

weight-bearing activities such as walking, thereby restricting walking performance and 51 

causing disability by reducing gait velocity. Thus, the reduction in the knee adduction moment 52 
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impulse during gait may result in pain relief and may serve as a conservative treatment option 53 

with disease-modifying potential. 54 

 55 

Key words: 56 

knee osteoarthritis, knee adduction moment impulse, gait analysis, pain, physical function  57 

58 
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1. Introduction 59 

The estimated number of individuals with symptomatic medial knee osteoarthritis 60 

(knee OA) is approximately 8 million in Japan (Yoshimura, et al., 2009). Knee OA patients 61 

experience persistent pain and stiffness in the knees while performing daily weight-bearing 62 

activities. Pain is associated with disability due to gait disturbance and functional limitations 63 

in mobility and limits carrying out self-care activities. Community-residing older adults, in 64 

particular, are at a high risk for disability (Fried and Guralnik, 1997). Therefore, there is an 65 

urgent need to reduce the progression and incidence of knee OA in Japan. 66 

The occurrence of dynamic loading on the knee is considerably greater during gait 67 

cycles than during any other daily life activity (Schipplein and Andriacchi, 1991). The peak 68 

force is higher in the medial compartment of the knee than in the lateral compartment 69 

(Shelburne, et al., 2005; 2006). The knee adduction moment has been shown to be a major 70 

determinant of not only the total load across the knee joint, but also its distribution between 71 

the medial and lateral compartments of the knee; further, an increase in the knee adduction 72 

moment would result in an increase in the load on the medial compartment of the knee 73 

relative to that on the lateral compartment (Zhao, et al., 2007). Thus, an increase in the 74 

magnitude of the knee adduction moment would theoretically contribute to the progression of 75 

knee OA (Miyazaki, et al., 2002). 76 

In Japan, many patients with knee OA receive conservative treatment, which consists 77 

of exercise, heat therapy, knee orthosis, and the use of lateral heel wedges. Typical exercise 78 

regimens for muscle dysfunction might prevent or alleviate some of the problems associated 79 

with knee OA (Hurley, 2003). Recently, the use of gait modification retraining for reducing 80 

medial compartment contact force has been reported (Fregly, 2008). If gait modification is 81 

successful in reducing the peak knee adduction moment, it could serve as a new conservative 82 

treatment option with disease-modifying potential. Pain and stiffness in the knee are the 83 
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primary symptoms for which individuals visit a physician, and these symptoms also lead to 84 

behavior which results in physical disabilities. Therefore, it is important that the exercise 85 

regimen not only reduces knee adduction moment during walking but also provides pain relief 86 

and improves physical mobility. 87 

Some previous studies have reported the relationships between knee adduction 88 

moment and clinical features such as pain, stiffness, and physical disability (Maly, et al., 89 

2006; 2008). Maly et al. (2006) reported that there was no relation between knee adduction 90 

moment and physical disabilities, as determined by using the 36-item short-form health survey, 91 

in patients with knee OA. However, no cross-sectional studies have been conducted in Japan 92 

to assess these relationships. Furthermore, differences in the constitutional and mechanical 93 

risk factors for knee OA between Western and Oriental populations (e.g., Japanese people 94 

tend to be shorter and weigh less than Western people (Yoshimura, et al., 2004)) would imply 95 

potentially important differences in the relationships between knee adduction moment and 96 

clinical features. In order to develop optimal exercise regimens designed to reduce medial 97 

compartment load in the knee and to relieve clinical features of knee OA in Japanese patients, 98 

it is necessary to clarify the relationship between knee adduction moment and the clinical 99 

features of knee OA. 100 

The purpose of this study was to examine the relationship between knee adduction 101 

moment impulse and self-reported pains and disabilities. We also investigated the influence of 102 

pain on the relationship between knee adduction moment impulse and gait performance and 103 

disability. We hypothesized that an increase in knee adduction moment impulse is directly 104 

related to pain and gait performance, and pain and gait performance will related to disabilities.  105 

 106 

2. Methods 107 

2-1. Subjects  108 
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We conducted a cross-sectional study with 38 Japanese women. All participants who 109 

participated in this study had tibiofemoral OA in at least either side of the knee joints (28 110 

cases of bilateral disease and 10 cases of unilateral disease), and all complained of persistent 111 

knee pain. The inclusion criteria were as follows: fulfillment of the American College of 112 

Rheumatology classification criteria for symptomatic knee OA (Altman, et al., 1986), chronic 113 

knee pain, and the absence of OA in other weight-bearing joints as determined by a clinical 114 

examination. Participants were excluded if they had a history of lower extremity joint 115 

replacement, had undergone knee surgery or received intraarticular steroid therapy in the 6 116 

months prior to the study, had a systemic arthritic disease or other severe medical conditions, 117 

or were receiving physical therapy for knee OA. Participants were screened over the 118 

telephone, and those eligible underwent weight-bearing radiography. Participants that fulfilled 119 

the eligibility criteria based on radiography findings were enrolled in the study. All procedures 120 

were approved by the Hiroshima International University Human Research Ethics Committee 121 

and all participants gave their written informed consent prior to enrollment. 122 

 123 

2-2. Radiographic analysis.   124 

Anteroposterior weight-bearing radiographs were obtained for all participants. To 125 

obtain anteroposterior radiographs and control for the effects of foot rotation on measures of 126 

lower extremity alignment, the patients were positioned such that the patellae centered over 127 

the femoral condyles with the feet extended straight ahead. 128 

The severity of OA was assessed by using the Kellgren/Lawrence (K/L) grading 129 

system (Kellgren and Lawrence, 1957) as follows: grade 0, no abnormalities; grade 1, 130 

possible osteophytic lipping; grade 2, definite osteophytes and possible joint space narrowing; 131 

grade 3, moderate and/or multiple osteophytes with definite joint space narrowing, sclerosis, 132 

and possible bone attrition; and grade 4, large osteophytes, marked joint space narrowing, 133 
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severe sclerosis, and definite bone attrition. 134 

In the cases of bilateral knee OA, the knee with a higher K/L grade and more pain 135 

was recorded as the most affected knee, and this knee was used for data analyses. Of the 38 136 

participants, the left knee was studied in 18 cases, and the right knee, in 20 cases. 137 

 138 

2-3. Self-report measures of pain and disability 139 

We used the Japanese Knee Osteoarthritis Measure (JKOM), a new parameter for 140 

evaluating knee OA, to assess self-reported pains and disabilities. The JKOM (total 25 141 

questionnaires, maximum 125 points) consists of 4 separate subscales assessing “pain and 142 

stiffness in knee (8 questionnaires, maximum 40 points)”, “condition in daily life (10 143 

questionnaires, maximum 50 points)”, “general activities (5 questionnaires, maximum 25 144 

points)”, and “health conditions (2 questionnaires, maximum 10 points)”. The score range for 145 

each of these subscales was 1 to 5 points, with higher scores indicating worst condition. The 146 

JKOM is reliable and valid and can be used in studies to determine the clinical outcomes of 147 

knee OA in Japanese people (Akai, et al., 2005). Pain intensity was assessed by using the 148 

“pain and stiffness” JKOM subscale. Disabilities were assessed by using the “condition in 149 

daily life” subscale.  150 

 151 

2-4. Gait evaluation 152 

A 3D motion analysis system that included 8 infrared cameras (VICON MX; Vicon 153 

Motion Systems, Oxford, UK) and 8 force plates (AMTI; Watertown, MA, USA) was used to 154 

record kinematics and kinetic data at sample frequencies of 100 and 1000 Hz, respectively. 155 

The recorded data was low-pass filtered with a second-order recursive Butterworth filter with 156 

a cutoff frequency at 6 Hz in accordance with the technique reported by Winter (2005). 157 

A total of 28 reflective markers were placed at the following landmarks on both 158 
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sides: acromion process, lateral epicondyle, ulnar styloid process, top of the iliac crest, 159 

anterior superior iliac spine, posterior superior iliac spine, superior aspect of the greater 160 

trochanter, medial and lateral femoral condyles, mid-point between the greater trochanter and 161 

the lateral femoral condyles, medial and lateral malleoli, mid-point between the lateral knee 162 

joint line and the lateral malleolus, head of the first and fifth metatarsal, and the lateral 163 

process of the calcaneal tuberosity. These anatomical markers were used to construct 164 

anatomical coordinate systems for the pelvis, thigh, shank, and foot segments. In order to 165 

calculate the knee adduction moment, the joint centers of the hip, knee, and ankle were 166 

approximated as described in previous studies (Andriacchi, et al., 1982; Kurabayashi, et al., 167 

2003). The joint center of the knee on the frontal plane was located by identifying the 168 

mid-point of a line which links the medial femoral condyle marker to the lateral femoral 169 

condyle marker. The joint center of the ankle was located by identifying the mid-point of a 170 

line which links the medial malleoli marker to the lateral malleoli marker. The joint center of 171 

the hip was determined as following methods. First, we have calculated a vector which links 172 

the both greater trochanter marker. Second, the joint center of the hip was determined at a 173 

point interpolated at a distance of 18% of the vector norm from each reflective marker of the 174 

superior aspect of the greater trochanter along the vector.  175 

In the walking trials, all participants were instructed to walk barefoot at a 176 

self-selected normal speed. Data from 3 walking trials were collected. Three walking trials in 177 

which all of the reflective markers could be identified and in which there was clear contact 178 

with the force plates were conducted. Kinematic and kinetic calculations were performed 179 

using the processing software “BodyBuilder (Vicon Motion Systems; Oxford, UK)”.  180 

Gait speed (m/s) was measured from the center of gravity (COG) averaged over a 3-s 181 

data collection period. Step length (m) was measured as anterior-posterior distances between 182 

the right and left calcaneal markers in the double support phase. Step length was normalized 183 
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to body height (%BH). 184 

A 7-link segmental model was developed to calculate hip, knee, and ankle kinematic 185 

and kinetic data by using inverse dynamics according to the techniques of Davis et al. (1991) 186 

and Vaughan et al. (1992). Anthropometric parameters for mass, center of mass, and moment 187 

of inertia for segment were obtained from the report by Okada et al. (1996). We calculated the 188 

knee joint moment by using the tibial coordinate system with the origin in the knee joint 189 

center. In this study, knee adduction moment was defined as the external knee adduction 190 

moment after normalization to the subject’s body weight (Nm/kg).  191 

Stance duration was the elapsed time between initial contact and toe-off in the stance 192 

phase. Initial contact was assumed to occur when the vertical reaction force exceeded 10% of 193 

the individual’s body weight, and toe off was assumed to occur in the first frame following 194 

initial contact where the vertical force was less than 10% of the individual’s body weight. 195 

Stance duration was divided into initial double stance interval, single limb support interval, 196 

and second double stance interval on the basis of the ground reaction force. The knee 197 

adduction moment impulse, the timed integral of all the knee adduction moments, was 198 

calculated for stance duration and the subdivisions of the stance duration (Figure 1). Thorp et 199 

al. (2006; 2007) reported that the knee adduction moment impulse is a useful gait parameter 200 

because it is a more sensitive predictor of radiographic disease severity and is a 201 

biomechanical component that can be used to distinguish between asymptomatic and 202 

symptomatic radiographic OA. All gait parameters and the knee adduction moment impulses 203 

during stance and during all and periods of stance duration were individually averaged over 3 204 

trials. 205 

The test-retest reliability of this procedure was found to be excellent in 10 206 

participants tested 1 week apart (intraclass correlation coefficient, 0.92–0.95).  207 

2-5. Statistical analyses 208 
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Data are presented as the mean (standard deviation). Statistical significance was set 209 

at p < 0.05. All data were analyzed with the SPSS 15.0 statistical software (SPSS Japan Inc., 210 

Tokyo, Japan). 211 

Participants with radiographic evidence of knee OA were divided into groups 212 

depending on the K/L grades: K/L grade 1 or 2, mild knee OA group; and K/L grade 3, 213 

moderate knee OA group. There was no participant with K/L grade 4. Unpaired t-tests were 214 

used for comparisons of age, body weight, body height, body mass index (BMI), gait speed, 215 

step length, stance duration, single limb support duration, and JKOM score (pain and stiffness, 216 

physical function, and total score) between groups. Analysis of covariance was used to 217 

determine intergroup differences in the knee adduction moment impulse for all periods of 218 

stance duration using gait speed as a covariate.  219 

The analysis described in this paragraph was conducted by considering all 220 

participants as a single group. Pearson’s correlation was performed to examine the 221 

associations between JKOM score (pain and stiffness, physical function, and total score) and 222 

the knee adduction moment impulse in all periods of stance duration. A step-wise linear 223 

regression was performed with pain and stiffness scores, physical function scores, and gait 224 

speed as the dependent variables. Independent variables included age, the severity of 225 

radiographic OA (K/L grade), BMI and the knee adduction moment impulse in the stance 226 

duration. When the physical function score was used as the dependent variable, the pain and 227 

stiffness score and gait speed were used as the independent variable. The stepping-method 228 

criteria were an F value of ≥ 0.05 for inclusion in the segmental model and ≤ 0.10 for removal 229 

from the model. 230 

 231 

3. Results 232 

3-1. Baseline characteristics 233 
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The mild knee OA group consisted of 20 subjects (3 subjects with K/L grade 1, 17 234 

subjects with K/L grade 2), of which 14 subjects had bilateral knee OA and the left limb was 235 

studied in 9 subjects. The moderate knee OA group consisted of 18 subjects with K/L grade 3, 236 

of which 14 subjects had bilateral knee OA and the left limb was studied in 9 subjects. The 237 

characteristics of the groups are presented in Table 1. There were significant differences 238 

among the groups with respect to age. The subjects in the moderate knee OA group were older 239 

than those in the mild knee OA group (p < 0.0001), and the weight, height, and BMI were 240 

similar among subjects in both groups. 241 

 242 

3-2. Pain and stiffness, physical function, and total JKOM scores 243 

The moderate knee OA group had higher pain and stiffness, physical function, and 244 

total JKOM scores than did the mild knee OA group (p = 0.001, 0.001, < 0.0001) (Table 1). 245 

 246 

3-3. Gait spatio-temporal parameters  247 

No differences in gait speed, step length, stance duration, and single limb support 248 

duration were observed between the 2 groups (Table 1). 249 

 250 

3-4. Knee adduction moment impulses 251 

The knee adduction moment impulses in the stance duration, initial double stance 252 

interval, and single limb support interval were higher in the moderate knee OA (p = 0.001, 253 

0.033, 0.001) (Table 2). The knee adduction moment impulse in the second double stance 254 

interval was not found to be different between the 2 groups (Table 2). 255 

 256 

3-5. Relationship between JKOM score (pain and stiffness, physical function, and total score) 257 

and the knee adduction moment impulse in all periods of stance duration 258 
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 Pearson’s correlation analysis revealed a significant positive correlation between 259 

JKOM scores (pain and stiffness, physical function, and total score) and knee adduction 260 

moment impulses in the stance duration, initial double stance interval, and single limb support 261 

interval (Table 3). 262 

The results of the step-wise linear regression analysis are presented in Table 4. With 263 

regard to the pain and stiffness score, only the knee adduction moment impulse in the stance 264 

duration (β = 0.48, p = 0.002) exhibited explanatory power in the model (F = 10.74, adjusted 265 

R2 = 0.23, p = 0.002), and for the physical function score, the pain and stiffness score (β = 266 

0.67, p < 0.0001) and gait speed (β = –0.37, p < 0.0001) exhibited explanatory power (F = 267 

50.23, adjusted R2 = 0.74, p < 0.0001). With regard to gait speed, age (β = –0.45, p = 0.004) 268 

and the knee adduction moment impulse during gait (β = –0.30, p = 0.049) exhibited 269 

explanatory power (F = 11.94, adjusted R2 = 0.37, p < 0.0001). 270 

 271 

4. Discussion 272 

This study examined the relationship between knee adduction moment impulses and 273 

self-reports of pain and the degree of disability in Japanese women with knee OA. The study 274 

design and analyses had several unique characteristics. First, all participants in this study were 275 

women. Yoshimura et al. (2009) reported that the risk of knee OA was significantly higher in 276 

women in Japan (odds ratio: 3.4, 95% confidence interval: 2.79–4.06; p < 0.001), and the 277 

prevalence of knee OA was significantly higher in women than in men over 40 years of age 278 

(men: 42.6%; women: 62.4%). McKean et al. (2007) reported the existence of gender 279 

differences with regard to kinetic data of the frontal plane of the knee in patients with knee 280 

OA. Debi et al. (2009) reported that spatio-temporal differences between genders may be 281 

responsible for the variations in the gait strategies adopted by men and women. It is important 282 

to clarify the gender differences in gait characteristics in order to explain the higher incidence 283 
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of knee OA in females. Additionally, it is possible that hormonal activity affects muscle 284 

strength and composition measurements in women. Therefore, we enrolled only women in 285 

this study. Secondly, instead of peak knee adduction moment, we measured the knee 286 

adduction moment impulse, which incorporates both the knee adduction moment magnitude 287 

and duration into a single variable. Both the load and loading time are important variables that 288 

have an effect on the articular surface of the knee. It is believed that knee OA progresses more 289 

rapidly with an increase in load (Andriacchi, et al., 2004). Load-bearing studies have revealed 290 

that the effect of the time integral of load on the articular surface is as important as that the 291 

effect of the load magnitude itself (Nuki and Salter, 2007).  292 

Participants in the moderate knee OA group had larger knee adduction moment 293 

impulses in the stance duration, initial double stance interval, and single limb support interval. 294 

Further peak knee adduction moment has been reported to be significantly higher in patients 295 

with more severe OA than in those with less severe knee OA (Sharma, et al., 1998; 296 

Mundermann, et al., 2004; 2005). Thorp et al. (2006) evaluated the adduction moment 297 

impulse in the stance phase in 117 patients with radiographic knee OA and found that the 298 

adduction moment impulse differed between subjects with moderate knee OA and those with 299 

mild knee OA; our results were consistent with these findings. The differences between mild 300 

and moderate symptomatic radiographic knee OA are not only structural but also functional 301 

due to the load magnitude at the medial knee joint. 302 

Surprisingly, the knee adduction moment impulse in the second double stance 303 

interval was not found to be different between the 2 groups. This is in contrast to findings 304 

reported by Thorp et al. (2006) who found that the knee adduction moment impulse during 305 

terminal stance may be an important gait parameter. There are a few potential explanations for 306 

our findings. Participants in the moderate knee group have adopted altered gait pattern that 307 

reduce the knee adduction moment. These include toeing out (Guo, et al., 2007), walking 308 
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more slowly (Mundermann, et al., 2004), walking with increased medial-lateral trunk sway 309 

(Mundermann, et al., 2008). In this study, we had not examined in the altered gait pattern. 310 

Clearly, more research is needed to test a relationship the altered gait pattern and the knee 311 

adduction moment impulse during terminal stance. 312 

There are conflicting reports on the relationships between knee adduction moment 313 

during gait and clinical symptoms such as pain and disability. Thorp et al. (2007) observed a 314 

positive association between knee pain and the magnitude of external knee adduction 315 

moments in subjects with symptomatic radiographic knee OA (K/L grade 2). Another study 316 

observed a strong significant correlation between single limb stance knee adduction moment 317 

and the pain, function, and total WOMAC scores in subjects with symptomatic radiographic 318 

knee OA (Kim, et al., 2004). On the contrary, a negative linear association between knee 319 

adduction moment and knee pain would indicate the possibility that subjects experiencing 320 

knee pain adopt a compensatory gait pattern to reduce knee adduction moment and thereby 321 

reduce medial tibiofemoral load (Mundermann, et al., 2004). A reduced gait speed and a 322 

toe-out gait pattern influence knee adduction moment variability (Guo, et al., 2007; 323 

Mundermann, et al., 2004). In the present study, positive correlations were found between the 324 

knee adduction moment impulses in all periods of stance duration and the JKOM score (pain 325 

and stiffness, physical function, and total score). Our results were consistent with the results 326 

of Kim et al. (2004) and Thorp et al. (2007). 327 

The knee adduction moment may relate strongly to pain and physical disability, but 328 

the relationship is a matter of debate. Maly et al. (2006) suggested that pain was not related to 329 

the knee adduction moment, and therefore studies on the influence of pain on the adduction 330 

moment, performance, or disability were not carried out. In contrast, the results of the 331 

step-wise linear regression analysis in the present study indicated that the knee adduction 332 

moment impulse in the stance duration was related to self-reported pain and stiffness in the 333 
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knee. Increased medial tibiofemoral load during weight-bearing activities such as walking 334 

may result in pain due to intraosseous pressure, effusion, and ischemia (O'Reilly, et al., 1998). 335 

Local mechanical stress at the articular surface is a risk factor for the development of 336 

incidental knee pain or symptomatic knee OA (Segal, et al., 2009). In addition, the present 337 

study has identified that the intensity of self-reported pain and stiffness in the knee (positive 338 

effect) and gait speed (negative effect) were factors that were related to self-reported physical 339 

disability in daily life, and that age (negative effect) and the knee adduction moment impulse 340 

during stance duration (negative effect) were factors that were related to gait speed. The knee 341 

adduction moment impulse during the stance duration was not found to directly affect 342 

physical disability in this study. Nevertheless, our results raised the possibility that intense 343 

pain and stiffness in the knee and gait speed mediated the relationship between medial loading 344 

and physical disability. Taken together, these results suggest that the knee adduction moment 345 

impulse, a proxy for loading on the medial compartment of the knee, would induce pain 346 

during weight-bearing activities such as walking, thereby limiting walking performance and 347 

leading to disability by reducing gait velocity. The discrepancy between the results of our 348 

study and that of Maly et al. (2006) can be attributed to the fact that the number of 349 

participants with moderate or severe knee OA was higher in our study. Further, our study 350 

included only women, but their study included both men and women. We measured the knee 351 

adduction moment impulse in the stance duration, but they had measured the peak knee 352 

adduction moment during gait. Finally, differences in the constitutional and mechanical risk 353 

factors for knee OA between the Western and Oriental populations may also be responsible. 354 

There are some limitations to the present study. First, this cross-sectional study 355 

showed that the knee adduction moment impulse in the stance duration is a factor that is 356 

related to the clinical features of knee OA, but we were unable to identify the causative factor 357 

of pain and physical disability. Further longitudinal studies are needed to determine the 358 



 

 

17

17

pathomechanical factors underlying the clinical features of knee OA. Second, some 359 

participants had bilateral disease, and this may have influenced the gait characteristics 360 

observed and their JKOM score. Third, factors related to pain and physical disability have 361 

been reported in many studies. All factors related to pain and physical disability were not used 362 

as independent factors in this study. For instance, knee instability was a limiting factor in the 363 

ability to perform functional tasks (Fitzgerald, et al., 2004). Further studies are required to 364 

determine the effects of factors that were not analyzed in this study. In addition, the 365 

cross-sectional design of this study is a limitation. 366 

Nevertheless, we believe that the findings of this study point to the importance of 367 

developing certain types of therapeutic exercises for knee OA. The exercise regimens 368 

currently used for treating knee OA focus on pain reduction and muscle strengthening, but 369 

this study highlights the importance of treatments aimed at gait modification exercise to 370 

reduce the knee adduction moment impulse during gait. The reduction in the knee adduction 371 

moment impulse during gait may result in pain relief and improve walking ability and reduce 372 

physical disability, and may thus serve as a conservative treatment options with 373 

disease-modifying potential.  374 

 375 

5. Conclusion. 376 

We found that the knee adduction moment impulse in the stance duration was related 377 

to pain and stiffness and gait velocity and was not related to physical disability, although 378 

self-reported pain and stiffness were related to physical disability. Our results suggest that the 379 

knee adduction moment impulse, a proxy for loading on the medial compartment of the knee, 380 

would induce pain during weight-bearing activities such as walking, thereby limiting walking 381 

performance and contributing to disability by reducing gait velocity. 382 

 383 
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Appendix. 493 

The content of Condition in daily life in the Japanese Knee Osteoarthritis Measure (JKOM) 494 

Condition in daily life 495 

Here are a couple of questions regarding your ability to perform daily routines during 496 

the last few days. Choose one answer and mark an X in the box next to it. [Options: Not at all, 497 

a little, moderately, quite, extremely] 498 

1. How difficult is ascending or descending stairs? 499 

2. How difficult is bending to the floor or standing up? 500 

3. How difficult is standing up from sitting on a western style toilet? 501 

4. How difficult is wearing pants, skirts, and underwear? 502 

5. How difficult is putting on socks? 503 

6. How long can you walk on a flat surface without taking a rest? [More than 30 min, about 504 

15 min, around my house, can hardly walk] 505 

7. Have you been using a walking stick (cane) recently? [Not at all, hardly, sometimes, often, 506 

always] 507 

8. How difficult is shopping for daily necessities? [Not at all, a little, moderately, quite, 508 

extremely] 509 

9. How difficult is doing light housework (cleaning the dining room after eating, etc.)? [Not at 510 

all, a little, moderately, quite, extremely] 511 

10. How difficult is doing heavy housework (using the vacuum cleaner, etc.)? [Not at all, a 512 

little, moderately, quite, extremely] 513 





Table 1 

Characteristics of the mild knee OA group and the moderate knee OA group 

 

variable mild knee OA group 

(n = 20) 

moderate knee OA group 

(n = 18) 

t-value p-value Mean difference (95% CI *) Power 

Age (years) † 61.90 (8.11) 71.33 (6.79) 3.87 < 0.0001 9.43 (4.48 ~ 14.38) 0.96 

Height (m) 1.49 (0.05) 1.48 (0.07) 0.29 0.771 0.0059 (–0.03 ~ 0.05) 0.06 

Weight (kg) 56.62 (5.51) 59.14 (8.34) 1.11 0.275 2.52 (–7.13 ~ 2.09) 0.19 

BMI (kg / m2) 25.37 (2.47) 26.74 (2.61) 1.66 0.105 1.37 (–3.04 ~ 0.3) 0.37 

       

Japanese Knee Osteoarthritis Measure: JKOM     

Total † 46.15 (7.76) 63.00 (15.88) 4.22 < 0.0001 16.85 (8.76 ~ 24.94) 0.98 

Pain, stiffness † 16.95 (3.38) 22.56 (5.83) 3.67 0.001 5.61 (2.51 ~ 8.7) 0.95 

physical function † 16.75 (4.08) 23.61 (6.78) 3.83 0.001 6.86 (3.23 ~ 10.5) 0.96 

       

Gait spatio-temporal parameters     

Gait velocity (m/s) 1.04 (0.15) 0.95 (0.17) 1.77 0.086 0.09 (–0.03 ~ 0.19) 0.41 

Step length (%BH) 0.49 (0.06) 0.47 (0.06) 1.16 0.255 0.02 (–0.02 ~ 0.06) 0.2 

Stance time (s) 0.61 (0.05) 0.64 (0.08) 1.39 0.173 0.03 (–0.07 ~ 0.01) 0.27 

Single support time (s) 0.36 (0.04) 0.38 (0.04) 1.28 0.21 0.02 (–0.04 ~ 0.009) 0.24 

Value: mean (Standard deviation: SD)  

*: confidence interval 

†: significant difference (p < 0.05) 
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Table 2 

The knee adduction moment impulses in stance duration, initial and second double stance interval, and single limb support interval 

(the mild knee OA group vs the moderate knee OA group) 

 

Knee adduction moment impulse 

 (Nm・S / kg) 

mild knee OA group 

(n = 20) 

moderate knee OA group 

(n = 18) 

F-value p-value  Power 

 Stance duration * 0.31 (0.06) 0.41 (0.09) 12.54 0.001  0.93 

 Initial double stance interval * 0.04 (0.01) 0.06 (0.02) 4.94 0.033  0.58 

 Single limb support interval * 0.24 (0.04) 0.31 (0.07) 13.22 0.001  0.94 

 Second double stance interval 0.04 (0.02) 0.04 (0.02) 0.003 0.958  0.05 

Values: mean (Standard deviation: SD)  

*: significant difference (p < 0.05) 
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Table 3 

Pearson’s correlation analyses between the JKOM score (pain and stiffness, physical function, and total score) and the knee adduction 

moment impulses (stance duration, initial double stance interval, and single limb support interval). 

 

 knee adduction moment impulses 

stance duration initial double stance interval single limb support interval 

JKOM * Total score 0.54 (0.27 ~ 0.73, 0.001) † 0.54 (0.27 ~ 0.73, < 0.0001) † 0.47 (0.18 ~ 0.69, 0.003)† 

Pain and stiffness score 0.46 (0.17 ~ 0.68, 0.004) † 0.53 (0.25 ~ 0.73, 0.001)† 0.40 (0.09 ~ 0.64, 0.012)† 

physical function score 0.53 (0.25 ~ 0.73, 0.001)† 0.57 (0.31 ~ 0.73, < 0.0001)† 0.45 (0.15 ~ 0.67, 0.005)† 

Value: Pearson correlation coefficients (95% confidence interval, p-value) 

*: Japanese Knee Osteoarthritis Measure: JKOM 
†: correlation is significant (p < 0.05). 
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Table 4 

Models of “pain and stiffness” score, physical function score, and gait speed (m / s) by the forward stepwise regression analysis (n = 

38) 

 

Dependent variable Independent variable Unstandardized 

Coefficient (95% IC) 

Standardized 

coefficient 

p-value Adjusted R2 

pain and stiffness score * Knee adduction moment impulse 

in stance duration (Nm・s / kg) 

29.09 (11.10 ~ 47.10) 0.48 0.002 0.23 

      

Physical function score * pain and stiffness scores a 0.80 (0.58 ~ 1.02) 0.67 < 0.001 0.62 

 Gait speed (m / s) –15.04 (–22.41 ~ –0.77) –0.37 < 0.001 0.74 

      

Gait speed (m / s) age –0.008 (–0.013 ~ –0.003) –0.45 0.004 0.34 

 Knee adduction moment impulse 

in stance duration (Nm・s / kg) 

–0.53 (–1.058 ~ –0.003) –0.30 0.049 0.41 

*: subscale of the Japanese Knee Osteoarthritis Measure: JKOM 
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