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Abstract

Objective—To cross-sectionally determine the quantitative relationship of age-adjusted, sex-
specific isometric knee extensor and flexor strength to patient-reported knee pain.

Methods—Difference of thigh muscle strength by age, and that of age-adjusted strength per unit
increase on the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) knee
pain scale, was estimated from linear regression analysis of 4553 Osteoarthritis Initiative
participants (58% women). Strata encompassing the minimal clinically important difference
(MCID) in knee pain were compared to evaluate a potentially non-linear relationship between
WOMAC pain levels and muscle strength.

Results—In Osteoarthritis Initiative participants without pain, the age-related difference in
isometric knee extensor strength was —9.0%/-8.2% (women/men) per decade, and that of flexor
strength was —11%/-6.9%. Differences in age-adjusted strength values for each unit of WOMAC
pain (1/20) amounted to —1.9%/-1.6% for extensor and —2.5%/-1.7% for flexor strength.
Differences in torque/weight for each unit of WOMAC pain ranged from —3.3 to — 2.1%. There
was no indication of a non-linear relationship between pain and strength across the range of
observed WOMAC values, and similar results were observed in women and men.

Conclusion—Each increase by 1/20 units in WOMAC pain was associated with a ~2% lower
age-adjusted isometric extensor and flexor strength in either sex. As a reduction in muscle strength
is known to prospectively increase symptoms in knee osteoarthritis and as pain appears to reduce

Correspondence to: Anja Ruhdorfer, Institute of Anatomy, Paracelsus Medical University, Strubergasse 21, A5020 Salzburg,
AUSTRIA; anja.ruhdorfer@pmu.ac.at, Phone: +43 662 2420 80408, fax: +43 662 2420 80409.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Author’s Contribution

All authors have made substantial contributions to: (1) the conception and design of the study, or acquisition of data, or analysis and
interpretation of data, (2) drafting the article or revising it critically for important intellectual content, (3) final approval of the version
to be submitted.

Disclosure of interest

Felix Eckstein is CEO and is co-owner of Chondrometrics GmbH, a company providing MR image analysis services. He provides
consulting services to MerckSerono, Novartis, Sanofi Aventis, and Abbot. Wolfgang Wirth is part-time employed and is co-owner of
Chondrometrics GmbH, and provides consulting services to MerckSerono. Anja Ruhdorfer has no conflicting interests.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ruhdorfer et al.

Page 2

thigh muscle strength, adequate therapy of pain and muscle strength is required in knee
osteoarthritis patients to avoid a vicious circle of self-sustaining clinical deterioration.

Keywords

thigh muscle strength; WOMAC knee pain score; minimal clinically important difference; knee
osteoarthritis

INTRODUCTION

Muscle strength is highly adaptive to the external/internal environment, e.g. to
immobilization® or training?=4. Thigh muscle strength was found to be substantially reduced
in osteoarthritic knees® 7 and to be strongly related to knee function8. Muscle strength,
hence, represents an important target for the treatment of disability in the elderly®, and
training interventions have been observed to beneficially affect knee pain and function in
patients with knee osteoarthritis (KOA)19-16_ In a previous study we showed that knees with
moderate to severe levels of knee pain (Western Ontario and McMasters Universities
Osteoarthritis Index [WOMAC]=5 [on a 0-20 Likert scale]) displayed significantly lower
isometric thigh muscle strength than painless knees, independent of their radiographic KOA
status(Kellgren-Lawrence grade [KLG])°. Yet, despite the evidence of a relationship
between impaired thigh muscle status in KOA and knee pain®610, the quantitative
magnitude of the difference in thigh strength per unit (or the minimal clinically important
difference [MCID]) across the spectrum of observed WOMAC pain units is currently
unknown. Further, it is unclear, whether the relationship between pain and difference in
muscle strength is linear across the spectrum of pain levels, and whether this relationship is
similar between men and women. To address the above questions, age has to be taken into
account as a confounder of the interaction between pain and muscle strength, as muscle
strength decreases with age, independent of painl/-20,

The aim of the current study therefore was to analyze the difference of directly age-adjusted
knee extensor and flexor strength per unit on the WOMAC knee pain scale, and per strata
comprising MCIDs in knee pain across a wide spectrum of WOMAC pain scores.
Specifically, we examined whether the relationship between pain and strength is linear
across the WOMAC scale, and whether this pain-strength-association differs between men
and women.

METHODS

Participants

Participants were drawn from the Osteoarthritis Initiative (OAI) database (clinical data
releases 0.2.2; 1.2.2), which includes 4796 participants aged 4579 years, with various
socioeconomic backgrounds?1:22, Based on risk factor profile and radiographic and
symptomatic osteoarthritis status at enrollment, participants were assigned to either the
healthy reference cohort without risk factors of KOA (n=122), the incidence cohort at risk of
developing symptomatic KOA (n=3284), or the progression cohort with established
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symptomatic KOA at the time of enrollment (n=1390)8.21.22 Detailed in- and exclusion
criteria for the OAI and the current study have been described previously®.

All participants of the entire OAI cohort without missing demographic data (n=4), WOMAC
knee pain scores (n=4) and/or WOMAC function scores (n=23), and isometric knee extensor
and flexor strength (n=581) were included (one limb per participant)®. Since some
participants were enrolled before the strength measurement device was applied in the study,
we also included those with complete data (of the above measures), who had thigh strength
measured at the year 1 follow-up visit (219 women/129 men) instead of the baseline
measurements. Hence, 4553 participants (2651 women/1902 men) were available for the
analysis.

Of these 4553 participants, all participants without any knee pain (WOMAC=0) and without
any signs of radiographic KOA (KLG=0) were used to analyze the relationship between age
and strength by regression analysis, separately in women and men. The radiographic status
was evaluated on fixed-flexion X-rays23 in central KLG readings (versions 0.7 for n=3934
and 1.7 for n=338 participants)?2.

Measurement of isometric thigh muscle strength

Amongst the two limbs per OAI participant, the strength data from the dominant limb were
used (OAI question: “With which leg do you kick a ball””). When participants considered
both limbs as equal (n=65) or when such information was not available (n=38), the right
limb was used.

For the maximum isometric knee extensor and flexor strength measurements, the “Good
Strength Chair” (Metitur Oy, Jyvaskyla, Finland) was used®8:25, Participants were seated
upright, with pelvis and thigh fixated by straps and the knee flexed at 60°. The load cell was
positioned at a consistent anatomical position 2cm proximal to the calcaneus. To get
familiarized with the measurement procedure, the participants performed two practice trials
at 50% effort, before three measurements with maximum voluntary isometric contraction,
i.e. 100% effort, were recorded (in Newton [N]). The maximum value of these three trials
was used for the analysis.

Torque was used, to normalize strength with the most appropriate scaling to body weightZ6.
To calculate knee extensor and flexor torque (moment), leg length measurements of the OAI
database were used. These were available for the right legs (only) in 4518 participants (58%
women) and were also used for the left-dominant participants, assuming symmetry in limb
length.

Assessment of self-reported knee pain

For assessment of the patient-reported pain status, the WOMAC knee pain score was used.
The scale ranges from 0-20 (0=no pain)2/-28, This subscale of the total WOMAC score
comprises five questions (Likert scale), each rated from 0-4, where 4 units represent
extreme pain. In the OAI, the questions ask for knee-specific, i.e. side-specific, pain when
walking, climbing or going down stairs, lying in bed, sitting or lying down, and when
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standing, within the past seven days. During a rehabilitation intervention, an MCID of 2
units for the WOMAC knee pain score has been previously reported by Angst et al.2°.

Assessment of comorbidities and depression

For assessment of the presence of comorbidities, the Modified Charlson Comorbidity Index
was used30:3L, This score provides the only documentation of existing comorbidities such as
previous heart attack, oncologic pathologies or asthma, for the OAI database as described
previously32. For assessment of depression, the Center for Epidemiologic Studies
Depression Scale (CES-D) Score33 from the OAI database was used. Participants rated their
feelings such as having appetite, feeling depressed, restless, fearful, lonely, happy, sad,
hopeful for the future, having crying spells, etc. (20 questions) for the past week from 1
(=rarely or none of the time; <1day) to 4 (=most or all of the time; 5-7days). Both scores
were available for 4460 participants (58% women) for the analysis of strength and for 4429
participants (58% women) for the analysis of torque/body weight.

Statistical Analysis

Given previous reports on sex differences in strength between men and women®34, analyses
were performed for men and women separately. Further, analyses were repeated for torque
(isometric strength*lever arm of leg length in meter) with normalization to body weight
(torque/weight; Newton-meter/kilogram) to account for inter-personal variations and the
influence of weight on strength. All analyses were performed using SPSS 22 (IBM Corp.,
Armonk, NY) and Microsoft Excel 2010 (Redmond, WA).

To estimate the difference in strength per age decade, only participants without knee pain
(WOMAC 0) and without radiographic KOA (KLG 0) were included. Linear regression
models with age (independent variable), and extensor and flexor strength (dependent
variable), were used. The slope coefficient of the regression equation (equation 1)
represented the difference in strength per annum, which was then used as the basis for
directly adjusting the observed values for age. We calculated the difference per decade by
multiplying this slope coefficient with the factor 10. Because 45 was the youngest age for
OAll inclusion?1:22, this was considered the starting point to relate the difference per decade
to (equation 2). By entering 45 in the regression equation, we calculated the strength at age
45 (equation 3). For the direct age-adjustment, we used the slope coefficient calculated in
the previous analysis (equation 1). We calculated the theoretical strength of every participant
at the mean age of the cohort (61.4 years) using the age-difference to the mean and the
actual strength (equation 4).

After direct age-adjustment, linear regression models were used to calculate the difference in
thigh muscle strength (torque/body weight) (dependent variable), per unit increase in the
WOMAC knee pain score (independent variable). Slope coefficients of the regression
equations (equation 5) represented the difference in strength per unit increase in WOMAC
knee pain. To compare the association between men and women, the slopes of the regression
models were compared based on the standard error of the slopes. Additional linear
regression models were used with strength (torque/body weight) as dependent and WOMAC
knee pain score, the Modified Charlson Comorbidity Index, and the CES-D as independent
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variables. Analyses were repeated with exclusion of all participants with strength
measurements at year 1 of follow-up.

EQUATIONS USED

strength (age)=y intercept+slope coefficient * age @)

51 flicient * 1
slope coefficient * 0*100

) St th decli decade =
% Strength decline per decade Strength (5) @

Strength (45) =y intercept+slope coefficient * 45 (3)

Strength (61.4) =Strength+slope coefficient x (participant age — 61.4) (4)

Strength (WOMAC) =y intercept+slope coefficient * WOMAC (5)

Since the MCID for the WOMAC knee pain score has been reported to be 2 units??,
participants were divided into strata encompassing 2 WOMAC knee pain units each (0; 1-2;
3-4; 5-6; 7-8; 9-10; 11-12; >12) across the observed WOMAC spectrum to evaluate non-
linearity in the dose-response relationship of pain and muscle strength. These strata were
compared to the stratum with painless participants (WOMAC=0) and to the next lower
WOMAC stratum (1-2 vs 0; 3-4 vs 1-2, etc.). Because only few participants had knee pain
worse than WOMAC=12, these participants were combined to one stratum. As a measure of
the between-group effect size, Cohen’s d was calculated®. To relate the relevance of a
difference in strength (torque/body weight) to the MCID in knee pain, the mean of the %-
differences in strength (torque/body weight) between participants being 2 WOMAC units
apart (Ovs 2,1 vs 3, upto 11 vs 13) was calculated.

For exploratory purposes the R? for the simple linear regression model with strength (torque/
body weight), i.e. dependent variable, and WOMAC knee pain score, the Madified Charlson
Comorbidity Index, and the CES-D, i.e. independent variables, were calculated to estimate
how much of the variability in strength and torque/body weight is explained by them.

RESULTS

Demographics and age-adjustment of thigh muscle strength

Of the 2651/1902 women/men studied, 33%/37% were KLGO, 17%/17% KLG1, 29%/23%
KLG2, 12%/14% KLG3, and 2%/4% KLG4. For 7% and 5% of the women and men, KLG
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data was not available. The age was 61.4+9.2 years (mean +standard deviation [SD]) and the
body mass index (BM1) was 28.7+4.8 kg/m? (Table 1). Demographic data for all WOMAC
strata are displayed in Table 1. Women and men in higher WOMAC strata tended to be
heavier, but also younger, than those without any pain (WOMAC=0).

798 participants (426 women/372 men) without knee pain and without radiographic KOA
were included. The 426 women were 60.7+9.0 years old and had a BMI of 26.2+4.7 kg/m?
(68.3£13.2 kg body weight). The 372 men were 59.0+9.4 years old and had a BMI of
27.6%3.7 kg/m? (86.1+13.2 kg body weight).

Extensor muscle strength was found to be 9.0%/8.2% lower per decade relative to 354N/
530N at 45 years of age in the pain-free limbs of women/men (R2=0.11/R2=0.09; p<0.0001
in both sexes) (Figure 1). Flexor muscle strength was found to be 10.8%/6.9% lower
(R2=0.09/R2=0.03; p<0.0001 in both sexes) relative to 146N/217N. Extensor and flexor
torque/body weight in women/men were 6.4%/6.7% (R2=0.04/R2=0.06) (Figure 1) and
8.0%/8.2% (R?=0.03/R?=0.04) lower per decade, respectively.

Relationship between age-adjusted thigh muscle strength and self-reported knee pain

For example, when calculating the difference in strength, the regression equation for
WOMAC knee pain versus extensor strength was Y=300.619-5.859x. Hence, the difference
of extensor strength/unit of the WOMAC knee pain score, i.e. the slope, was —5.859N. The
value of —5.859N was divided by the y-intercept=300.619N(*100) to extract the —1.9%
difference (-5.9N; R2=0.053) in directly age-adjusted isometric extensor strength per unit
WOMAC knee pain in women, and the —1.6% strength difference (-7.4N; R?=0.029) in men
(y-intercept: 452.333, slope coefficient: —7.365) (Figure 2). The difference in directly age-
adjusted flexor strength was —2.5% (-3.0N; R?=0.048) in women and —1.7% (-3.3N;
R2=0.017) in men. For directly age-adjusted extensor torque/body weight (Figure 2) and
flexor torque/body weight, differences amounted to 2.7% (R?=0.092) and 3.3% lower
strength (R2=0.077) in women and 2.1% (R2=0.044) and 2.2% (R?=0.026) lower strength in
men, respectively.

The differences in extensor strength (y-intercept: 300.962, slope coefficient: —5,695 in
women; y-intercept: 459.091, slope coefficient: —=7.075 in men) and flexor strength as well
as torque/body weight remained largely unchanged (ranging from 1.5 to 3.1%) after
adjusting for the Modified Charlson Comorbidity Index and the CES-D and in participants
with baseline strength measurements only (data not shown).

A clear trend was observed for participants in strata with more severe pain to exhibit lower
extensor and flexor strength (torque/body weight), in women and men. Women without knee
pain (WOMAC=0) had an extensor strength of 300+86N (304+81N after age-adjustment)
and men an extensor strength of 459+130N (458+124N) (Tables 2&3). Women and men in
the stratum with the strongest pain (WOMAC>12) had a 24% and 19% lower extensor
strength compared to those with WOMAC=0 (Tables 2&3). The observed %-differences in
strength (torque/body weight) for each pain stratum vs the painfree (WOMAC=0) knees did
not suggest that the relationship between pain and thigh strength was non-linear, i.e. the
differences in strength between strata were similar across the entire range of WOMAC pain
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values (Table 2&3). The differences in strength and torque/body weight appeared somewhat
greater in women than in men (Tables 2&3), but the slopes of the regression models relating
strength to pain did not statistically differ between sexes (p=0.17).

The MCID of the WOMAC knee pain score across all 2-unit WOMAC score comparisons
related to a 3.7% lower extensor strength and 4.7% lower extensor torque/body weight in
women and to a 3.1% and 3.6% lower strength and torque/body weight in men, respectively.
For flexor strength and torque/body weight %-differences were -4.6% and —5.1% in women
and —2.6% and —2.9% in men.

The effect of comorbidities and depression on age-adjusted thigh muscle strength

In the linear regression model in men the Modified Charlson Comorbidity Index, but not the
CES-D score, had a significant independent effect on knee extensor and flexor strength
(p=0.005 and 0.03) additionally to the WOMAC knee pain score (p<0.0001). With the
WOMAC knee pain score as the only independent variable in the linear regression model,

R2 was 0.031 for extensor and 0.017 for flexor strength and with all three scores added into
the model, R% was 0.036 and 0.021. In women, however, neither the Modified Charlson
Comorbidity Index nor the CES-D significantly explained any variability (0%) in extensor or
flexor strength (p=0.07).

When extensor and flexor torque/body weight were the dependent variables, the Modified
Charlson Comorbidity Index, but not the CES-D, had a significant, independent effect on
torque/body weight in men (p<0.007) and in women (p<0.0001). With the WOMAC knee
pain score as the only independent variable in the linear regression model R? was 0.092 for
extensor and R2=0.074 for flexor torque/body weight in women and R2=0.046 and R2=0.027
in men and when all three scores were added into the model, R2 was 0.098 for extensor and
R2=0.079 for flexor torque/body weight in women and R?=0.056 and R?=0.033 in men.

DISCUSSION

To our knowledge, this is the first study to explore the dose-response relationship between
knee pain and sex-specific, age-adjusted thigh muscle strength across a large range of
WOMAC knee pain scores. In the OAI cohort, we found age-related differences in
women/men without knee pain or radiographic KOA in extensor strength to be 9%/8%
lower, and those in flexor strength to be 11%/7% lower/decade, when related to 45 years (i.e.
youngest age for OAI enrollment). These differences were accounted for when exploring the
impact of pain on (directly age-adjusted) muscle strength. We found an increase of 1 unit on
the WOMAC knee pain scale to be associated with a 2-3% lower knee extensor and flexor
strength and torque/body weight in both women and men. As an estimate of an MCID in
strength, a 3-5% lower strength (torque/body weight) was related to the MCID in pain.
Across WOMAC knee pain strata of 2 units (=MCID?29), there was no evidence for a non-
linear dose-response relationship between WOMAC knee pain and thigh muscle strength in
either sex.

A limitation of the current study is its cross-sectional approach that precluded an evaluation
of longitudinal changes within subjects, and the impact of longitudinal changes in WOMAC
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pain on that of thigh muscle strength. However, although the current study is limited to a
cross-sectional setting, it permits the analysis of an age-related difference in strength over an
extensive period of time, since the age-range of the participants included in this very large
cohort covered a range of 34 years (45 to 79 years). The current findings lack a comparison
with a healthy reference cohort, as only 26 of 122 healthy OAI participants had baseline
strength measurements. Therefore, age-related adjustments in strength were estimated in
those with risk factors for, but without established symptomatic or radiographic KOA, with
the estimated percent rates of changes for women and men being in line with previous
literature3®, It is of note that, despite their statistical significance, the strength of the
relationship (R? values), for instance between age and muscle strength, was relatively low.
Therefore, the findings should not be generalized at an individual level.

Using age as covariate would have offered the advantage that the statistical model accounts
for each individual’s age and, hence, each individual’s strength at the respective age.
However, this might also have introduced interactions between pain and aging into the
model (slope of the regression equation). We therefore used a subcohort with no knee pain
and radiographic changes (WOMAC=0, KLG=0) to circumvent such potential influences.
Further, directly adjusting strength to the mean of the cohort, allowed the calculations of
differences in directly age-adjusted strength values across MCID strata.

A strength of our study design was that it enabled us to assess the pain-related reduction in
age-adjusted strength in a very large cohort at risk of or with established KOA (comprising
all KLGs), and across a wide range of WOMAC knee pain scores. The WOMAC knee pain
score is a thoroughly validated2”-28 and extensively applied tool for assessing patient-
reported pain with a well-defined MCID2°. An additional advantage was the knee-specific
application of the questionnaire for the OAI. For the linear regression models, the WOMAC
knee pain score was treated as continuous variable. However, for the question of the linearity
of the pain-strength-relationship the MCID, although originally established as a measure to
follow-up participants over time, provided a means to estimate a difference in strength in the
context of a validated and relevant difference in knee pain.

Another limitation of the current study is the use of isometric strength. Compared to
isometric strength, isokinetic strength might have the advantage of a potentially stronger
correlation to lower leg function38 which, in turn, is largely determined by knee pain8 as
WOMAC knee pain and WOMAC function scores are highly correlated (R=0.85 in women;
R=0.78 in men) in the OAI cohort®. Hence, isokinetic training was shown to be more
effective for strength and pain improvement than isometric training3’. However, isometric
strength measurements are robust — especially when using more than one trial3® — and easy
to apply in a large cohort such as the OAI?2, Knee pain during an actual isokinetic strength
measurement may be affected by the angular velocity39 and decreases strength measures*?,
whereas for isometric strength it was suggested that knee pain does not significantly affect
the actual measurement?1,

For the current study, we did account for the influence of weight*2 on thigh muscle strength
as well as on knee pain*3 by normalizing torque to body weight. Torque was used for this
purpose to attain the most appropriate scaling with body weight (mass) with Newton-
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meter:body weight as 1:12644, In the OAI, no data on muscle mass was acquired to directly
normalize strength to the actual mass of the muscles. However, the overall body mass might
be the better surrogate for interpersonal differences as it may also take into account
obesity28, which in turn favors knee pain?®. Therefore, the actual body mass may also be
more important in view of functional limitations, which are mainly driven by knee pain®, as
it allows a better estimate of the work the muscles have to exert26. Unfortunately, the
distance between the axis of rotation and the application of force was not available from the
OAl database, but the distance between the transducer and the knee joint line was available
and was used for this analysis. Yet, we assume that both distances are highly related and that
therefore the correlations are not affected, albeit absolute values may differ for both
measurements. Further, similar results were observed for actual strength measures and
torque/body weight. Hence, this consistency between both measures, i.e. actual force (N)
and torque/body weight (Nm/Kkg), suggests that both ways provide an appropriate tool to
evaluate pain-strength-relations.

We did not adjust for KLG in the analyses, as we previously® found the association of knee
pain with strength to be independent of the radiographic disease stage (KLG). However, we
did adjust for potential confounders of knee pain and strength, i.e. depression*® and
comorbidities?’, but they only explained a minimal portion, if any, of the variability in
strength and torque/body weight. The CES-D appeared to have no additional effect, when
we also adjusted for comorbidities. This might reflect the high proportion of participants
with low scores and a potential inter-relation between comorbidities with depression#® and
also knee pain.

Knee flexor strength was also included in the current analysis, as hamstring strengthening
has proven to have additional beneficial effects on the WOMAC knee pain score compared
to quadriceps strengthening alone!3.16, Thus, the observed 2—3% lower flexor strength and
torque/body weight per increase of one WOMAC knee pain unit supports previous findings
on the importance of flexor strength in context of knee pain in either sex13.16,

Knee pain and thigh muscle strength are significantly associated with each other. Previous
literature has suggested that a reduction in thigh muscle strength may cause knee pain“®.
However, there also is evidence that knee pain causes a reduction in thigh muscle strength0,
with the quantification of specific pain levels across the entire WOMAC range on thigh
muscle strength representing the scope of the current study. The current findings suggest that
the association of knee pain with thigh muscle strength does not differ between sexes, and
that these relations do not appear to be non-linear. This emphasizes that adequate pain
treatment is important across the entire range of knee pain levels, with the aim of
maintaining muscle strength and of breaking a vicious circle of increasing pain and
declining muscle strength and knee function8. However, neither men nor women reached the
maximum pain score of 20 (1 man with WOMAC=16 and 2 men with WOMAC=15; 1
woman with WOMAC=19 and 2 women with WOMAC=18 as the highest scores). There
were only a few participants within the stratum >12 units on the WOMAC knee pain scale
and, hence, strength (torque) might plateau when approaching the end of the WOMAC knee
pain scale which appears hard to reach even in a large cohort. Our findings of lower strength
in the presence of knee pain are in line with previous literature focusing on OAI participants
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with moderate/severe levels of knee pain in a cross-sectional study design®®: A between-
knee, within-person study reported an 8% lower isometric knee extensor strength in painful
knees (mean WOMAC-= 4.4) versus contra-lateral painless knees (mean WOMAC=0.6).
Further, in our previous study, participants with WOMAC=5 had 11-17% lower knee
extensor strength and 9-21% lower flexor strength compared to painless (WOMAC=0)
women and men®. Hence, the current study extends these findings and suggests that mild
levels of knee pain are also associated with lower thigh muscle strength, and that the
association between pain and age-adjusted strength does not appear to be non-linear across
the spectrum of WOMAC pain scores. However, longitudinal studies are needed for
confirmation of these findings.

In conclusion, an approximately 2% lower directly age-adjusted isometric extensor and
flexor strength and an approximately 2—3% lower torque/body weight is related to each 1-
unit increase on the WOMAC knee pain scale, both in men and women. Comparing
WOMAC pain strata across the full observed spectrum did not indicate that the difference in
directly age-adjusted isometric muscle strength is non-linear. As a reduction in muscle
strength is known to prospectively increase symptoms in KOA and as pain appears to reduce
thigh muscle strength, adequate therapy of pain and muscle strength is required in knee OA
patients to avoid a vicious circle of self-sustaining clinical deterioration.
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Scatterplots showing the association between age (X axis) and knee extensor strength (Y

axis) for in women (A) and in men (B) and that between age and isometric knee extensor
torque per body weight in women (C) and men (D).

Osteoarthritis Cartilage. Author manuscript; available in PMC 2018 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Ruhdorfer et al.

Extensor Strength (Newton) p-J

[g]

Extensor Torque/Body Weight
(Nm//kg)

Figure 2.

900
800

4

100 WNOMeEn n=2651

—— 3%
012345678 91011121314151617181920
WOMAC Knee Pain Score

Women n=2629

0123245678 91011121314151617181920
WOMAC Knee Pain Score

g88

Extensor Strength (Newton) 09

=)

Extensor Torque/Body Weight
(Nm/kg)

Page 15

Men n=1902

012345678 91011121314151617181920
WOMAC Knee Pain Score

Men n=1989

a
L4
+
L4

P
b & T

-

o+ - L 2
012245678 910111212314151617181920
WOMAC Knee Pain Score

Scatterplots showing the association between the Western Ontario & McMaster Universities
Osteoarthritis Index (WOMAC) knee pain score (range 0-20; 20=worst pain; X axis) and
age-adjusted knee extensor strength (Y axis) in women (A) and in men (B) and that of age-
adjusted isometric knee extensor torque per body weight in women (C) and men (D).

Osteoarthritis Cartilage. Author manuscript; available in PMC 2018 May 01.



Page 16

Ruhdorfer et al.

$1918WNUSI=W)

”N_BwE Jad weibojy HNE\mv_ ‘Xapul ssew Apog=|IAg ‘1aquinu juedioied=u ‘dn-mojjo} T Jeak Je gE=U pue aul|aseq Je GoZy=U "'l ‘Quawainseaw Yibua.is Jo juiod awi 1oy erep oiydesbowaq

Author Manuscript

9GTFG0T  GSFCTI8T Z¥F02€ 0LFG6G €T CI<OVINOM
LLT¥826  09F8YP.T 0SFE0E GOTF06S 92 ZI-TT OVINOM
8GT 076  L8FGG/T L¥YF66C €6F565 05  0T-6 OVINOM
GLTF€96  08FEYT 6VF60E ¢6F209 € 8LOVINOM
09TFT€6  69FE9T ¥r¥66C T6FE09  GST 9-G OVINOM
TYIFET6  GLFL9/T O0FF26C 96FET9  ¥82  v—€OVINOM
6ETFE68  89FGIT O0VF98C ¥6FrI9 05y  Z-T OVINOM
LETFL.88  L9FL9/T 6€EF¥8C 96¥FC19 158 0 OVINOM
SYTFT06  T8F99.T T¥F68C G6FTT9 206T 1\
NIW

09T+¥G88  TL¥.V9T T9¥82€ 86F665 €  CI<OVINOM
LSTF278  €9F929T 09FTIE 8LFS6S  ¥9 CI-TT OVINOM
ZTOTF¥E8  69FT29T LSFLIE G8FG6S E€IT  0T-6 OVINOM
GET¥G6L  T9FCe9T 67FC0E 68F929 85T 8L OVINOM
8YTF6LL T9F029T TGF¥96C €6F2T9 2S¢  9-G OVINOM
EYTF9G.  GOFETIT 0GFLBZ 98F9T9 6.  v€OVINOM
8ETFEY,  €9FYC9T 67F¢8C 88FTI9  #29  Z-TOVINOM
OYTF02L  €9F029T 6vF¥.iZ 06F¥29 8T0T 0 OVINOM
9VTFTG.  €9FC29T TG¥S8C 68FLT9 1992 I
NIWOM

] wo ZW/Bx saeak
Wb1a Apog  1ybisH Apog INg aby u

‘wines ured asuy JWINOM Uora 10) Ual pue uawwom oy eep aiydesbowsq

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Osteoarthritfs Cartilage. Author manuscript; available in PMC 2018 May 01.



Page 17

Ruhdorfer et al.

sanjeA yibuans paisnipe-abe Buisn paye|nofes

t

('€ SA 9-G 'Z—T SA p—€ 0 SA ¢—T) WNIeAS DVINOM J3MO] Ixau 3y} 0} pasedwiod

74

“ublam Apog =g ‘eousiajal=Jal ‘2109s ured aau DVINOM=IVINOM ‘8oUBIaIP JUadIad=}}1(% UOILIASD PIepURISFUBSIA

T+ €6'0- 0.6~ (20%0€0) Z0FIE0 §Z+  90T- §TE- (50¥¥8°0)  §0¥58°0 Z1<
e'ee- GTT- 6vv—- (1°0%.20) 2'0¥.2°0 0CT- €TT- T'ee- (€'0¥28'0) €0¥/8°0 2T-11
67— 250~ z8z-  (2'0%€£0) T'0%GE0 €T- 990- 0've- (€0¥€6'0) ¥'0%56°0 01-6
er- €90~ Svz-  (2'0¥9€0) 2'0¥9€0 €9- 6L0- 0'ge- (€0F¥6'0) €0¥76°0 8-,
€'6- 50~ T12- (2'0¥8€0) 2'0¥8E0 76— 190- 8.1~ (€0¥T0T) €0¥I0T 9-G
18- €€°0- 0€l-  (¢0¥ero) T0%2r0 G- 9v0- eel- (€0¥90T) ¥'0¥90'T 7€
v'S- y10- v's-  (20%97°0) 2'0F97'0 €9- 220~ €9- (F'0FST'T)  V'OFSTT T
Jal Ja1 (2'0%87°0) 2’0780 Jal 181 (r'0¥€2'T)  ¥'0¥¢TT 0

>>m_\m:ULo.r 10X3|4 >>m_\m:U._o._. J0sua1x3y
0'LT+ 08'0- v'62- (85%¥8) 95+/8 8'c+ 680- e (L0TF0€Z)  SOT¥SEL [453
§'Ge- 80'T- L'6e- (9vFeL) LyFG. L'yT-  00T- 6'92- (06¥zee)  88¥82C 2T-11
L'e- 1€°0- 0'6T- (vv¥26) ZyF00T v'I+  9€0- 4l (68¥092)  68¥99¢ 01-6
0T- 90~ 89T~ (vvF66) 9r¥86 07— 850- 9'6T- (L8¥795¢)  88¥€Se 8-,
T'.- v¥0- 6'sT-  (vv¥00T) SYFT0T v'e-  Gro- 0zI- (e8¥,92)  G8¥89C 9-G
T9- 92°0- G6-  (9v+801) Ly¥80T 8G- /€0~ 6'6- (te¥eLe)  ggFele 7€
9€- 0T'0- 9¢e-  (GyFSIT) LYFITT vy-  9T0- vy- (58¥06¢)  68¥16C T
Jal a1 (pyF6TT) 9yF8IT Jal 181 (T8¥¥0€)  98¥00€ 0

y1buals Joxa|4 y1buaals 10suarx3

+yOVINOM 0= 40=

WeusA Qo P USU0D OVINOM SA J1a% $yOVINOMIX3U SA 1A% 1P UsY0D OVINOM SA J1A% ©1RAS Uled OVINOM

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

"wnyeas QVINOM Jamo)
1X8U 3y 01 pue 0 DVINOM 01 S3dUIBLIP 1U32JIad YUM ‘B1enls DWINOM Ul (S19x08Iq Ul sanjen paisnlpe-abe) 1ybiam Apog/enbiol pue yibuans :uswopn

Author Manuscript

Osteoarthritfs Cartilage. Author manuscript; available in PMC 2018 May 01.



Page 18

Ruhdorfer et al.

sanfen ybuais paisnipe-abe Buisn _osm_:o_mon

("*p—€ SA 9-G ‘2—T SA p—€ ‘0 SA Z—T) WNe.S DVINOM Jamo] 1Xau ay) 0} uoanEoo_w

“yB1am Apog =Ang ‘eoualageI=Jal ‘8109s uted 88Uy DVINOM=DVINOM 82UaIaLIP Wa2Iad=111Q% ‘UOIRIASD PIEPUBISTUBSIA|

T2 09°0- zee-  (2T0Fr50) 2'0¥55°0 €6- 160~ 8'Gz- (FoFr2'T)  €0¥.2T [A%S
v'e- 95°0- §Te- (20550 T0FL50 80+ 990- 18- (roFLET) VOFIVT 2T-11
ge+ 150~ 96T- (2'07950) €'0¥.L50 L'e-  890- 8'8T- (5079€'T) G0¥8ET 01-6
eeT- 850- ece-  (0Fr50) 2'0¥55°0 €7- 850- L'ST- (FOFTY'T)  v'OFEV'T 8-L
TT+ 1T0- €01- (c0¥€90) T'0%€9°0 9'e- 050~ LET- (FOFSY'T)  v'OFIVT 95
0v- 0€'0- 11— (2°0%290) €'0¥29'0 T6- 60— §'0T- (7'0705'T)  G'0¥0S'T v—€
g'l- 020~ G- (£0%59°0) €'0¥59'0 L'S- 120~ L'S- (50¥85'T) G0¥8ST T
Jal Ja1 (€0%0L°0) €070L0 Jal 181 (50¥89'T) G'0¥89'T 0
>>m_\m3_”uho._. 10X3|4 \</m_\m:U._o._. J0sua1x3y
G'9+ ov'0- 96T (€L¥2¢91) 89%59T 0T- 0L0- 06T~ (EvTFTLE)  8ZTF08E [453
v'e- €50- 8'0z-  (v9¥esT) 29¥95T §0- 190- T'8T- (62T%G.€)  GeT¥98E 2T-11
L0- 8'0- 8'8T-  (99¥95T) 89F65T 18- 990- 8.1~ (LTT¥228)  TTTFGEE 01-6
eeT- 90~ z81-  (2L¥.8T) €1765T v'0-  6£0- g0T- (FTTFOTY)  LTTFSTY 8-,
ge+ vT0- 96— (zLF18T) G/¥€8T 92— 8£0- z0T- (STTFCTY)  €CTFOTY 9-G
6'0- 22 0- 98- (69FGLT) 2LFSLT 6'T- 620~ L= (Ter¥eey)  6eIFELY 7€
8'.- 020~ 8- (2LFLLT) VIFLLT 66— 220~ 6'S- (9TTFTIEY)  ETTFIEY T
Jal a1 (9/F26T) 117261 Jal 181 (yZT¥8GY)  OSTF6SY 0
cwmcmbw 10X3|4 cumcmhum J0suanx3y
+yOVINOM 0= 40=
WeusA Qo P USU0D OVINOM SA J1a% $yOVINOMIX3U SA 1A% 1P UsY0D OVINOM SA J1A% ©1RAS Uled OVINOM
‘wnjells OQVINOM

JaMO] 1XaU ay] 01 pue 0 DWINOM 01 Sadualaylp Juadiad yum e1ens JVINOM Ul (s1exae.q ul sanjea palsnipe-abe) 1ybiam Apog/anbiol pue yibuans usin

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Osteoarthritfs Cartilage. Author manuscript; available in PMC 2018 May 01.



	Abstract
	INTRODUCTION
	METHODS
	Participants
	Measurement of isometric thigh muscle strength
	Assessment of self-reported knee pain
	Assessment of comorbidities and depression
	Statistical Analysis
	EQUATIONS USED


	RESULTS
	Demographics and age-adjustment of thigh muscle strength
	Relationship between age-adjusted thigh muscle strength and self-reported knee pain
	The effect of comorbidities and depression on age-adjusted thigh muscle strength

	DISCUSSION
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3

