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Abstract

Objective—To determine whether thigh muscle strength predicts knee replacement (KR) risk,
independent of radiographic severity and pain.

Methods—Osteoarthritis Initiative participants with KR at 12—-60 month (M) follow-up (cases)
were each matched with one control (no KR throughout 60M) by age, sex, height, body mass
index, baseline radiographic stage, and location of joint space narrowing. Isometric knee extensor
and flexor strength were recorded biennially. The strength examination prior to KR (<2 years) was
termed Ty, that two years prior to Tg T—p, and that four years prior T_4. Muscle strength between
cases and controls was compared using paired t-tests and conditional logistic regression adjusted
for pain.

Results—136 of 4796 participants (60% women, age 65+9 years, BMI 29+4 kg/m?) received a
KR during follow-up, had at least T strength data, and a matched control. Knee extensor strength
at To (primary outcome) was significantly lower in female cases than controls (p<0.001; pain-
adjusted odds ratio [ORp] 1.72, 95% confidence interval [CI] 1.16 to 2.56), but no difference was
seen in men (p=0.451; ORp 0.80, 95%CI 0.50 to 1.27). Results were similar for knee flexor
strength at Ty, and for longitudinal change in extensor and flexor strength between T and T-».
Thigh muscle strength at T_, or T_4, or change between T_, and T_4, did not predict KR risk in
men or women.

Conclusion—Thigh muscle strength predicted KR risk in women, but not in men. These results
may identify a window for modifying risk of KR surgery in women.
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Knee osteoarthritis (KOA) represents the most prevalent form of OA, with symptomatic
KOA affecting an estimated 10% of men and 13% of women over the age of 60 years (1).
Knee OA is associated with considerable pain, reduced physical function and impaired
quality of life, and is responsible for over 600,000 knee replacements (KRs) in the United
States annually (2) — a procedure driving a large portion of costs involved in managing KOA
(3, 4). The health and economic burden of KOA is expected to rise significantly above the
current $9 billion spent annually in the United States, largely due to expanding indications
for KR, particularly among younger adults (5).

Identifying predictors of KR would be advantageous for studying targeted disease-
modifying therapies as well as directing research and treatment in these patients. The few
longitudinal evaluations of KR risk factors indicate that increased severity of radiographic
disease, pain and disability (6, 7), as well as accelerated cartilage loss (8), bone marrow
lesions (9) and willingness to consider surgery (10) are predictors of subsequent joint
replacement surgery.

Thigh muscle strength may also be implicated in risk of KR given the previously reported
association between knee extensor strength and KOA incidence (11) and progression (12,
13). Women with strength deficits appear to be at particular risk of KOA progression (12,
13), possibly due to the strength capacity in women being lower and thus closer to a
threshold for risk (14). While appearing to play a role in incident KOA and KOA
progression in women, surprisingly few studies have examined thigh muscle weakness in
relation to KR risk. These previous studies have evaluated knee extensor weakness among
many other variables and only included those with end-stage KOA and a small sample of KR
subjects (n=40) (15), and did not adequately adjust for radiographic disease severity and
pain (16), both strong predictors of KR surgery (6, 7); pain also being an important
determinant of muscle strength (17). The specific impact of thigh muscle weakness on KR
risk is unknown.

Using a longitudinal case/control (KR versus no KR) design, with matching for baseline
radiographic severity, sex, and other demographic factors known to increase the risk of KR,
the distinct influence thigh muscle weakness has on KR risk can be established, with and
without adjustment of pain. Importantly, muscle weakness is amenable to non-
pharmacological intervention (18). Identifying muscle weakness as a risk factor for KR,
independent of radiographic severity, may thus provide avenues to modify risk of KR
surgery. Therefore, the purpose of this study was to determine whether thigh muscle
strength, or change in strength, predict risk of KR in men and women, independent of
radiographic OA status and pain. Based on reported sex-differences in the relationship of
muscle strength with OA incidence and progression (11-13), we hypothesized that thigh
muscle strength would predict risk of KR in women but not in men.
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Study Design

This study was ancillary to the Osteoarthritis Initiative (OAI), an ongoing multi-center
longitudinal cohort study designed to identify biomarkers and risk factors for KOA
incidence and progression (http://wwuw.oai.ucsf.edu/) (19). As part of the OAI, participants
aged between 45 and 79 years with, or at risk of, symptomatic KOA in at least one knee
were recruited at four centers in the United States. The study was approved by the local
Institutional Review Boards at each of the sites, and all participants gave informed consent
(19). OAI participants were examined annually over four years using imaging and clinical
outcomes, which included specific questions in regard to receiving a KR in the preceding 12
months (M). Knee replacement was confirmed by radiography, or from hospital records
when radiographs were not available.

To be eligible as a case, a total KR had to be recorded at any annual follow-up, and thigh
muscle strength must have been documented in either of the final two years prior to KR
(OAI outcomes release 5). Thigh muscle strength was evaluated biennially (i.e. baseline,
24M, 48M); however, participants who were eligible for this measurement but for whom a
valid baseline measurement was not obtained were assessed at 12M or 36M follow-up. The
muscle strength examination prior to occurrence of KR (<2 years) was termed Ty, that two
years prior to Tg termed T-p, and that 4 years prior T_4. KRs detected at 12M and 24M had
one prior biennial visit (Tp). KRs detected at 36M or 48M had up to two prior biennial
measurements (T and T_,), and those observed at 60M had up to three previous biennial
measurements (Tg through T_4) (Figure 1). If both knees of one participant were replaced,
we included the knee replaced at an earlier time point. If both knees were replaced at the
same time, we included the one with the lower radiographic disease stage (Kellgren and
Lawrence [KL] grade) at baseline.

Control knees were selected from those without self-reported KR and without evidence of
KR on radiographs between baseline and 60M. Knees were excluded from being controls if
the contralateral knee received a KR during the study. Controls had to have strength
measurements available at time points corresponding with those of the KR cases. Cases and
controls were matched 1:1 by sex, age (£5years), height (z5cm), body mass index (BMI)
(x3kg/m2), KR limb (dominant [preferred leg to kick a ball] versus non-dominant), central
reading baseline KL grade (strata 0, 1, 2 and 3/4), as well as presence of baseline
compartmental involvement (i.e. medial/lateral radiographic joint space narrowing [JSN]).
KL and JSN grades from release 0.6 from the central readings of the fixed flexion
radiographs were used for this purpose (19).

Measurement of thigh muscle strength

The maximal isometric forces for knee extensor and flexor strength at each follow-up
reported in the OAI database (clinical data BL/Y1/Y2/Y3/Y4:0.2.2/1.2.1/3.2.1/5.2.1/6.2.1)
were used. These measurements were performed by trained and certified research
technicians using the Good Strength Chair (Metitur Oy, Jyvaskyla, Finland), which has
established test-retest reliability (Pearson product-moment correlations 0.88 to 0.92) (21).
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Participants were positioned in sitting, with the back upright and legs hanging over the edge
of the chair. Straps were placed over the waist and thigh to stabilize the pelvis and lower-
limb, and participants were instructed to hold onto the arm rests. The knee of the test leg was
placed in 60deg flexion (confirmed with a goniometer) for testing. A transducer/load cell
was attached to the lever arm, which was in turn secured to the test leg with a strap 2cm
proximal to the calcaneus. After two warm up trials at 50% maximal effort, three
measurements of the maximal isometric force (N) of knee extensors (quadriceps) and knee
flexors (hamstrings) were taken of each leg, by pulling and pushing against the pad,
respectively. Standardised encouragement was provided, and the highest result of the three
trials was used for analyses. Three female participants (one case and two controls) had
flexor strength values <10N (two at T, one at T_p), whereas extensor strength was within a
normal range (77-374N), suggesting that the measurement of flexor strength was inaccurate.
These three observations and their matched pair result were therefore excluded from
analyses.

We used the isometric strength measurements directly (and not moments) to estimate muscle
strength, because differences in anthropometrics were accounted for by matching cases and
control for body height and BMI. Also, both the lever arm between the load cell and joint
centre and that between the muscle tendons and joint centre depend on body size and may be
assumed to be roughly proportional, as previously described (17). The length of the lever
arm (knee joint centre to load cell) was recorded in a subset of OAI participants at different
follow-ups. When matched cases and controls both had a lever arm length recorded (if lever
arm recorded at more than one follow-up, the median length was used), we calculated the
torque (force [N] x lever arm [m] = Nm) per body weight to conduct sensitivity analyses.

Statistical Analysis

After confirming normality (Kolmogorov-Smirnoff), paired t-tests between case/control
pairs and case-control conditional logistic regression odds ratios (ccOR) per standard
deviation were conducted independently for men and women. A ccOR >1 represents greater
odds of a KR occurring in the presence of muscle weakness or in the presence of greater
strength loss over time. Analysis of muscle strength was completed for each follow-up (Tg,
T_, and T_4) as well as for the change in muscle strength over time from T_, to Tg, and
from T_4 to T_,. Knee extensor strength in the two years prior to KR (T) was selected as
the primary outcome, as it has been previously associated with KR risk (15). The secondary
outcome was knee flexor strength at Ty. Knee extensor and flexor strength at T_, and T—4, as
well as change in strength from T_, to Tg and T_4 to T_, were considered exploratory.
Robustness of the muscle strength comparisons was assessed by performing additional
adjustment for the effects of pain at each observational period (ccORp). These observations
were made for standard categories of pain frequency status in the past year, commonly used
to classify symptomatic KOA (no pain/infrequent pain/frequent pain). Sensitivity analyses
were performed by: i) repeating T analyses for knees with strength measures in the final
year prior to KR versus those made a year earlier; and ii) repeating the original analyses
using torque per body weight (Nm/kg) as the outcome measure on the subset of matched
pairs with moment arm length data. Receiver operating characteristic (ROC) curves were
produced for the strongest KR predictors; muscle strength values that represent a cut-off
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point for an increased KR risk were identified using the smallest Euclidean distance (i.e.,
minimizing false positive rate and maximizing true positive rate) (Supplementary File 1).
Finally, because matching between cases and controls was performed at baseline, and
radiographic status at T may differ between cases and controls, we further evaluated the
associations of muscle weakness and KR risk independent of radiographic status, by
performing a stratified analysis restricted to knees with baseline KL grade 3-4 (i.e., knees
with limited potential for radiographic progression from baseline to Tg). All analyses were
performed with SPSS, version 20.0. P values <0.05 were considered significant.

251 knees of 216 OAI participants received a KR between 12M and 60M. After excluding
participants with partial KRs (n=12) (i.e., medial or lateral tibiofemoral unicompartmental
KR or isolated patellofemoral KR) to maximize the homogeneity of the KR cases, and
missing demographic or strength data at T (n=44), 160 participants with a KR remained
(Figure 2). Of these, 136 participants (60% women; age 659 years, BMI 29+4 kg/m?2) had
a matched control. Of the case/control pairs, 36 (26%) were KL grade 0-2, and 100 (74%)
were KL grade 3—-4. Demographic and baseline radiographic outcomes are presented for
women and men in Table 1. Of the case knees selected (one per participant), 13 were
replaced at 12M, 28 at 24M, 35 at 36M, 33 at 48M, and 27 at 60M (Figure 1). The
distribution of strength assessments over the three follow-up periods for men and women
appear in Tables 2 and 3.

Extensor and flexor strength in women

In women, the primary and secondary outcomes of T extensor and flexor strength were
significantly lower in KR cases compared to their matched non-replaced controls. For
extensor strength, this was irrespective of pain (p<0.001 for paired t-test, p=0.001 for the
unadjusted, and 0.007 for the pain-adjusted regression model), but for flexor strength,
significance was lost when adjusting for pain (paired t-test p=0.003, and p=0.006 for the
unadjusted, and 0.073 for the adjusted regression model). Adjusted and unadjusted OR and
95% CI are shown in Table 2. No differences were observed in the exploratory outcomes of
T_, and T_4 strength. However, extensor and flexor strength of female cases deteriorated
more strongly between T_; to Ty, the decline being significantly greater than in non-
replaced controls (p<0.001 for paired t-test, p=0.004 for the unadjusted, and 0.014 for the
adjusted regression model). Longitudinal change in flexor strength was also greater in KR
cases than non-replaced controls (p=0.004 for paired t-test, p=0.028 for the unadjusted
regression model), but did not remain significant after adjusting for pain (p=0.130) (Table
2). Between T_4 and T_, there was no association between quadriceps strength decline and
KR risk. The optimal knee extensor strength threshold for differentiating those with an
elevated KR risk was 210N or 0.90 Nm/kg; or any loss of knee extensor strength over two
years (T-, to Tg) (ROC curves with associated sensitivity and specificity values for optimal
cut-off points are shown in the Supplementary File 1).
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Extensor and flexor strength in men

In contrast to women, male cases tended to have greater thigh strength than their matched
controls at each follow-up. However, no significant differences were observed in knee
extensor or flexor strength between male cases and controls at Tg, Ty, T4, 0r T_pto Ty
strength decline with or without adjusting for pain (Table 3). In men who underwent KR,
extensor strength actually increased by a mean 5N from T_, to T_, compared to controls
who got weaker (paired t-test p=0.043). However, there were only nine matched pairs in this
analysis, limiting the generalizability of this finding, and significance was lost in the
unadjusted (p=0.174) and pain-adjusted regression models (p=0.225). Additional adjustment
for physical function (WOMAC) at the relevant time period prior to KR had a minimal
impact on the results of all regression analyses for both men and women (data not shown).

Stratification of Tg: muscle strength in the first versus second year prior to KR

For women, 44 and 37 matched case-control pairs had T strength measures in the year prior
to KR and between 1-2 years prior to KR, respectively. The corresponding number of men
was 29 and 26, respectively. Significant differences in knee extensor and flexor strength
were observed between female cases and controls only in the year prior to KR (Table 4). For
knee extensor strength in female cases versus controls in the year prior to KR, the ccOR and
ccORp was 3.23 (95% CI: 1.67 to 6.25; p=0.001), and 3.23 (95% CI: 1.49 to 7.14; p=0.003),
respectively. While for knee flexor strength the ccOR and ccORp was 2.13 (95% CI: 1.16 to
3.85; p=0.014), and 1.79 (95% CI: 0.95 to 3.33; p=0.071), respectively. There were no
significant differences between male cases and controls (Table 4). In all analyses (primary
and T stratification), all associations were similar when the sample was restricted to KL
grade 3—4 knees. Only the pain adjusted association between knee extensor weakness in the
year prior to KR and case-control status lost significance (ccORp 0.50, 95% CI: 0.25 to
1.02), reinforcing that, in general, the associations between muscle strength and KR were
independent of radiographic disease severity.

Subsample with muscle torque normalized for body weight as outcome

Moment arm length was available for approximately half of all female (n=44) and one third
of all male (n=21) matched pairs. The extensor and flexor strength (N) differences observed,
remained largely unchanged when torque per body weight (Nm/kg) was used as the outcome
measure. Knee extensor strength at Tg remained significantly different between matched
pairs in women, with and without adjustment for pain, and the size of the effect was similar
to analysis of strength (ccOR 2.78, 95% CI: 1.41 to 5.56, p=0.003; ccORp 2.78, 95% CI:
1.32 to 5.89, p=0.008). For flexor strength at Ty, cCOR was 2.13 (95% CI 1.16 to 3.85)
(p=0.015) and ccORp was 1.89 (95% CI 1.01 to 3.57) (p=0.047). The change in extensor
torque from T_, to T in women remained significant (ccOR 6.09, 95% ClI: 1.44 to 25.77,
p=0.014), irrespective of pain (ccORp 8.81, 95% CI: 1.63 to 47.48, p=0.011), while the
change in flexor torque in women was not significant before or after adjusting for pain
(ccOR 1.69, 95% ClI: 0.92 to 3.12, p=0.093; ccORp 1.72, 95%CI: 0.92 to 3.21, p=0.088).
The difference observed in the change in male extensor strength from T_4 to T_, no longer
existed when torque was the outcome (paired t-test p=0.264).
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DISCUSSION

This is the first study to test the hypothesis that women who subsequently undergo KR, but
not men, display lower muscle strength than non-KR controls, matched for baseline
radiographic disease stage and pain. Using a longitudinal matched case-control design, we
find that, indeed, knee extensor weakness in women predicts KR, independent of age, BMI,
disease severity, and pain. Specifically, knee extensor weakness in the year prior to KR, and
longitudinal deterioration in knee extensor strength over a 2 year observation period prior to
KR predicted KR risk. Further, the association became stronger when time points within 1
year prior to KR rather than those within 1-2 years prior to KR were considered. Knee
flexor weakness and deterioration in knee flexor strength at the same time points predicted
KR in women, but significance was not maintained after adjusting for pain. In men, no
associations were observed between thigh muscle weakness and subsequent KR.

Until now, associations observed between knee extensor strength and KR risk have been
attenuated by a lack of adjustment for radiographic OA severity and pain (15, 16) — both
established risk factors for KR (6, 7) that also adversely affect muscle strength (17, 22).
Indeed, from longitudinal data of the OAI itself, radiographic OA status was reported to be
the strongest predictor of KR (7). By performing a matched case-control evaluation, we are
able to identify knee extensor and flexor weakness as risk factors for KR in women,
independent of radiographic disease severity, age and BMI. Additionally, differences in pain
did not explain differences in KR risk for knee extensor weakness within the year prior to
KR. The current paper therefore is the first to identify extensor muscle weakness as a risk
factor independent of radiographic severity and pain. It also is the first to look at the
trajectory of strength loss prior to KR, finding the association with KR to be stronger the
closer the measurement has been obtained to the time point of KR.

Women with strength deficits appear to be particularly vulnerable to develop incident
symptomatic KOA (23) and are at increased risk of symptomatic and radiographic
progression to a greater extent than men (12, 13, 24). The distinct relationship between
muscle strength and risk of KR in women, but not in men, extends these findings, showing
that these sex-specific relationships also apply for progression to a hard, and economically
important clinical endpoint. Fewer men than women were included in our sample of
matched cases and controls; however this did not appear to influence the lack of an
association observed between muscle weakness and KR risk. Indeed, in most analyses, male
cases tended to display greater extensor strength than their matched control. The clear
discrepancy between the impact of muscle weakness on KR risk in men and women may
relate to women having a lower absolute strength capacity, therefore potentially being closer
to a threshold below which risk of OA progression is increased (14). Women had
approximately 60% less strength than men, consistent with previous sex-specific evaluations
in KOA populations (57% less in women) (12). Women are also known to be at an increased
risk of prevalent KOA (25). It may be that the biochemical and biomechanical differences
(i.e. hormonal and anthropometric factors), thought to play a role in increased KOA
development in women (26, 27), interact with muscle and thereby increase the risk of OA
progression in women with inadequate strength. Knee extensor weakness may also drive

Arthritis Rheumatol. Author manuscript; available in PMC 2017 July 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Culvenor et al.

Page 8

functional limitations to a greater extent in women than in men, advancing the knee to a
critical clinical state necessitating KR intervention.

The robustness of our findings using muscle strength (Newtons) was verified in a
subanalysis using torque per body mass (Nm/kg). Using torque per body mass, while
generally not altering significance of associations, tended to increase the effect of knee
extensor and flexor weakness in relation to KR risk. To be able to assess the true relationship
between muscle strength and KOA it is important to account for differences in body size, as
a positive relationship between strength and body size is expected. While this is not
performed routinely, results did not differ markedly when adjusted for body size in the
current study as we had previously matched case-control pairs for BMI (£3kg/m?) and
height (£5cm).

Knee replacement is an outcome driven largely by a severely compromised clinical state
(disability, pain and poor quality of life). The complexity of joint replacement as an outcome
measure is highlighted by research demonstrating the influence of socioeconomic factors on
KR risk and how patient perceptions of the need for surgery affect willingness to consider
surgery (10). Despite this, KR represents a clinically important endpoint responsible for a
large portion of costs associated with managing KOA (3, 4). While knee extensor weakness
may alter local joint contact stress, lead to increased impulse loading and contribute to
structural progression of KOA (12, 28), thigh muscle strength appears to be a stronger
determinant of functional limitations and disability in KOA (29, 30). It is likely that the
association between thigh muscle weakness and KR risk in women is driven by the negative
impact of muscle weakness on function and pain. Together, evidence that thigh muscle
strength is more strongly associated with disability and pain than radiographic status (17),
and findings that muscle strengthening exercises result in improvements in OA pain,
function and quality of life (18), support this proposition.

Muscle strengthening is advocated as a cornerstone for the management of KOA by clinical
guidelines (31). The effectiveness of strengthening exercises to improve strength in KOA
populations has been demonstrated by a large systematic review (32). Based on the results of
the current study, knee extensor and flexor weakness are promising targets to modify risk of
subsequent KR. Our findings that knee extensor strength loss from T_, to Ty, and weakness
in the year prior to KR, increase the risk of KR in women, indicates the importance of
maintaining a certain degree of strength. The optimal knee extensor strength threshold for
differentiating those with and without KR risk appears to be approximately 200N or 0.9
Nm/kg; or prevention of any loss of knee extensor strength over two years. This threshold is
one third less than the mean 300N knee extensor strength in older women without knee
symptoms or OA (KL grade 0) (17). Thus, there appears to be a considerable window for
women below this threshold to obtain realistic strength gains and potentially lower the risk
of KR. It is important to acknowledge that improvements in clinical state with strengthening
regimens are not well-maintained once strengthening exercise is ceased (33). Patients need
to be counseled about the need for continued strength maintenance. Education regarding the
elevated risk of KR in the presence of strength loss may provide additional motivation for
adherence. It appears that the negative affect of muscle weakness on KR risk does not extend
to a longer observation interval preceding KR (i.e. T_4, or change from T_4 to T_,). Similar
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patterns have been observed in the trajectory of cartilage loss prior to KR (8). While the
potential of muscle strengthening regimens to delay KR is yet to be explored, optimizing
muscle strength, even in instances of anticipated KR, is recommended as pre-operative
strength contributes considerably to a favorable post-operative outcome (34).

Knee flexor weakness in the year prior to KR, and loss from T_, to Ty, was also found to
elevate the risk of subsequent KR, but not when accounting pain. These findings, along with
the ORs being closer to one, indicate that knee flexor weakness had less impact on KR risk
than knee extensor weakness. Although evaluation of muscle in KOA typically focuses on
knee extensors, adequate knee flexor function is required to produce an internal abduction
moment to maintain dynamic equilibrium in the frontal plane (35). Clinically, knee flexor
weakness in conjunction with knee extensor weakness predicted poor physical function in
KOA (30). The relationship we observed between knee flexor weakness and elevated KR
risk prior to adjustment for pain may reflect general deconditioning. Although knee flexor
function is important for dynamic knee stability, the primary muscle impairment implicated
in KR appears to be knee extensors.

A limitation of the current study is that different numbers of participants were available for
time periods of different duration for observing muscle strength prior to KR. Secondly,
strength was only assessed isometrically. Strong correlations between isometric, isotonic and
isokinetic measures suggest similar results would occur irrespective of method of strength
assessment (36). Thirdly, although we matched for baseline radiographic disease severity,
BMI and age, and adjusted for pain, other imaging or clinical features not assessed may
mediate the relationship between muscle strength and KR risk we observed. The cut-off
points established potentially provide a guide for clinicians to identify patients most at risk
of KR; however, such muscle strength threshold values should be verified in other cohorts.
Future studies should also evaluate the efficacy of muscle strengthening interventions to
arrest the progression of disease to KR.

In conclusion, we have identified isometric thigh muscle weakness as a predictor of KR risk
in women, but not in men, independent of radiographic disease severity and pain.
Specifically, knee extensor strength deficits in the year prior to KR, and deterioration in
extensor strength over a two year interval prior to KR increased the risk of KR. Because
muscle weakness is amenable to non-pharmacological intervention, these results identify a
window for modifying KR risk. The potential of muscle strengthening interventions to delay
KR has thus to be explored.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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T It
4 N=27
N=25

BL 12M 24M 36M 48M 60M

Figure 1.
Study design. Number of participants with knee replacement (cases) at each annual follow-

up and corresponding number of cases with strength data at each follow-up. For example, at
the 36 month follow-up, 35 knee replacement cases were identified. Of these, 35 had muscle
strength data available at Tg, while 32 had muscle strength data available at T_».
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OAI participants with knee
replacement from 12M to 60M
N =216

A 4

A\ 4

Excluded:
e Partial knee replacement =12

Unilateral KR = 170
Bilateral KR = 34

Total = 204
Excluded:
e  Missing strength at T, =35
> e  Missing limb dominance =3
e Missing baseline KL score = 4
v e  Missing height =2
N =160

A 4

Matched cases included
N =136

Figure 2.

Flowchart of extraction of matched cases with knee replacement from the OAll.

Excluded:
e No matched control = 24
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Baseline characteristics of KR cases and controls

Table 1

Age, years
BMI, kg/m?
Height, m
Weight, kg
KR on dominant leg
Kellgren & Lawrence
Grade 0
Grade 1
Grade 2
Grade 3-4
Medial JSN presence

Lateral JSN presence

Women

Men

KR Cases (n=81)

Non-KR Controls (n=81)

KR Cases (n=55)

Non-KR Controls (n=55)

64.5+8.2
29.06+4.64
1.610.06
75.5+13.1
43 (53)

6(7)
1(1)
18 (22)
56 (69)
53 (65)
14 (17)

64.6+7.8
28.86+4.46
1.61+0.06
75.2+12.2
NA

6(7)
1(1)
18 (22)
56 (69)
53 (65)
14 (17)

65.9+9.3
29.6+3.8
1.76+0.06
92.4+145
22 (40)

2(4)
3(5)

6 (11)
44 (80)
47 (85)
6 (11)

65.8+8.8
29.5+£3.4
1.76+0.06
92.1+13.1
NA

2(4)
3(5)

6 (11)
44 (80)
47 (85)
6 (11)

Values are mean + standard deviation, or number (%).

n, number; BMI, body mass index; kg, kilograms; m, meters; KR, knee replacement; JSN, joint space narrowing; NA, not applicable.
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