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Abstract

We examined the effect of knee osteoarthritis on the rate of torque development (RTD) of the
knee extensors in older adults with advanced-stage knee osteoarthritis (OA; n=15) and
recreationally-active controls (n=15) of similar age, sex and health status, as well as the
relationship between RTD and the size and contractility of single muscle fibers. OA participants
had lower RTD when expressed in absolute terms (Nm/ms). There were sex differences in peak
RTD (P<0.05), with greater RTD in men, but no group by sex interaction effects for any variables.
The lower RTD in OA versus controls was not explained by variation between groups in the fiber
type admixture of the muscle, and was mitigated when RTD was normalized to peak torque (PT).
In knee OA volunteers, we found strong correlations between the RTD expressed relative to PT
and the velocity of contraction of single myosin heavy chain (MHC) I and 11A/X muscle fibers
(r=0.652 and 0.862; both P<0.05) and power output of MHC | fibers (r=0.642; P<0.05). In
controls, RTD relative to PT was related to fiber cross-sectional area of MHC I1A/X fibers
(r=0.707; P<0.05), but not measures of single fiber contractile performance. To our knowledge,
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these results represent the first demonstration that variation in whole muscle contractile kinetics in
patients with advanced-stage knee osteoarthritis and healthy older adults is related, in part, to the
size and function of single muscle fibers.
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1. INTRODUCTION

Knee osteoarthritis (OA) is the leading cause of disability in older adults (26) and its
incidence is expected to increase several-fold in the coming decades with the expansion of
the elderly population (18). As knee OA is the leading cause of functional disability in older
adults (14), knowledge of the determinants of physical function has important implications
for alleviating the burden of disability on these patients.

Functional disability is fundamentally related to an impaired capacity for physical work,
with lower extremity skeletal muscle function being of central importance (28, 52). In
individuals with knee OA, knee extensor strength is markedly reduced secondary to muscle
atrophy (45), but also due to intrinsic deficits in the contractility of its constituent muscle
fibers (11). Muscle force production, however, is likely not the only factor contributing to
lower extremity dysfunction, as studies in mobility-limited older adults show that power
output is more predictive of functionality than strength (4). Power output is the product of
muscle force production and contractile velocity, suggesting that impairments in the velocity
of muscle contraction may also contribute to disability (48, 52). Indeed, numerous daily
functional tasks, including walking rapidly (55), descending stairs (44) and preventing falls
(47), require rapid force development. In older adults with knee OA , work from our
laboratories (61) and others (54) have found deficits in the rate of voluntary torque
development (RTD) under isometric conditions in older adults with OA compared to
controls that relate to functional impairments, such as reduced knee joint power output
during walking (61). Moreover, RTD impairments in individuals with knee OA worsen
acutely following total knee replacement (TKA,; (61)) and are related to declines in
functionality (40, 61). Thus, reduced RTD likely contributes to functional disability in older
adults with knee OA (48, 52).

Several factors regulate the rate of joint torque development, including neural activation (22,
60), fiber type admixture (27, 29, 36), tendon/extracellular matrix stiffness (9, 51) and the
contractile properties of individual muscle fibers (29). Variation in neural activation is
generally assumed to be the most important determinant of the rate of torque development
(22), and this could be particularly apparent in individuals with knee OA, who have deficits
in neural activation (8, 45). However, variation in intrinsic muscle myofilament properties,
such as fiber type admixture, atrophy of MHC Il fibers (43, 50) and impaired single fiber
contractile velocity (11) could also contribute. To our knowledge, however, no study has
evaluated the relationship of these intrinsic muscle fiber size and myofilament properties to
RTD in older adults with knee OA. Thus, our goal was to assess RTD during isometric
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contraction in older adults with knee OA and controls and evaluate potential relationships
between RTD and muscle fiber type admixture and single muscle fiber size and contractility
based on activity-dependent variation in these variables previously reported (11). Moreover,
we investigated differences between men and women to determine whether sex-dependent
variation in single muscle fiber contractile and structural characteristics described by our lab
(10, 11) and others (37, 38) influence contractile properties at the whole muscle level.

2. METHODS

2.1 Participants

Fifteen (7 men, 8 women) older adults with symptomatic knee OA were recruited from the
Adult Reconstruction Clinic of the Department of Orthopedics at the University of Vermont
Medical Center and the surrounding community. All participants self-reported receiving a
clinical diagnosis of knee osteoarthritis, with seven individuals recruited in close proximity
to total knee arthroplasty surgery (bilateral or staged-bilateral in 3 volunteers and unilateral
in 4). We confirmed that volunteers had symptomatic (5) and radiographic (Kellgren and
Lawrence grade 3 or 4 (33)) evidence for advanced knee OA. Volunteers were excluded if
they had/have had: a history or clinical signs or symptoms of diabetes, heart failure,
pulmonary disease, thyroid disease, peripheral arterial disease, neurological or
neuromuscular disease or autoimmune disease; a history (within 10 yrs) of smoking; a
history (within 10 yrs) of malignancy, excluding non-melanoma skin cancer; or prior knee
replacement in either knee. All volunteers had normal blood counts/chemistry and renal,
liver and thyroid function, based on standard blood tests. No participants were taking sex
steroid replacement therapy (estrogen or estrogen/progestin therapy in women or androgen
replacement in men), oral or inhaled corticosteroids or any other medication that might
affect muscle function. Four OA volunteers (2 women, 2 men) were on stable regimens of
HMG CoA reductase inhibitors (statins). Plasma creatine kinase levels were within the
normative range in these volunteers and none had symptoms or signs of statin-induced
myopathy. Of note, we have recently found that chronic, stable statin therapy does not affect
skeletal muscle fiber size, mitochondrial morphology or contractile function in patients
without myalgia or elevated creatine kinase levels (Rengo et al. unpublished observations),
suggesting that inclusion of these individuals would not likely influence results.
Additionally, 6 OA participants (4 men, 2 women) had hypertension and were on stable anti-
hypertensive therapy, consisting of angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers (33%), diuretics (33%) and adrenergic blocking agents (33%). Eight (4
women, 4 men) of the individuals were on non-steroidal anti-inflammatory medications for
their OA. None had received an intra-articular injection (hyaluronan or corticosteroid) for 6
months prior to testing and none had participated in any prescribed rehabilitation program
for the 6 months prior to testing.

Active controls (8 men, 7 women) were selected to match OA participants for age and sex.
Controls were healthy and free from disease or medications that could affect muscle size/
function and were recruited using identical inclusion/exclusion criteria enumerated above
for volunteers with knee OA, with notable exceptions. Controls did not have symptoms
consistent with knee OA (5) or radiographic evidence of significant knee osteoarthritis
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(K&L grade > 2), and self-reported (via Stanford Brief Activity Survey) being
recreationally-active, but were not actively training for athletic competition. Five individuals
(3 men, 2 women) were on stable regimens of statins, although their plasma creatine kinase
levels were within the normative range and none had symptoms or signs of statin-induced
myopathy. Additionally, 6 controls (4 men, 2 women) had hypertension and were on stable
anti-hypertensive therapy, consisting of angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers (67%), diuretics (33%) and adrenergic blocking agents (17%).
Data on skeletal muscle size and contractile function at the cellular and molecular levels for
individuals with OA and controls (n=31) have recently been published (11, 12). Physical
characteristics are reproduced to provide necessary descriptive information and muscle fiber
size and functional data for the purposes of correlations analyses to assess determinants of
RTD. Written informed consent was obtained from each volunteer prior to their
participation. The protocol was approved by the Committees on Human Research at the
University of Vermont and conformed to the Declaration of Helsinki.

2.2 Knee extensor muscle function and size

Isometric knee extensor torque and torque-time parameters were assessed at 55°, as
described previously (58), using a multi-joint dynamometer (HUMAC NORM; CSMi,
Stoughton, MA). Briefly, volunteers were seated in the dynamometer with hips and
shoulders firmly secured by padded straps and were instructed to perform maximum knee
extension “as hard and as fast as you can” for 4-5 seconds, to best capture both peak torque
and RTD, as has been shown during similar rapid isometric contractions (6). At least 2
minutes were provided to recover between subsequent attempts. Data recorded by the
dynamometer corresponding to torque and position were analyzed after testing using
custom-written MatLab software (MathWorks; Natick, MA). The highest torque value
during each contraction was considered peak isometric torque for that trial. After smoothing
the torque data by applying a 4™ order Butterworth low-pass filter (10 Hz cutoff), the first
derivative was taken to assess RTD. The peak RTD of the 5 trials was considered the peak
RTD for that individual. The RTD was also calculated from the onset of torque development
to 25% (RTDys5) and 50% (RTDsg) of peak isometric torque, as described (61) to facilitate
comparison with previous studies and explore the potential that such measures may provide
unique insights into muscle performance. The onset of torque development was defined as
the point at which torque exceeded 2% of peak torque for a given contraction. Peak RTD
was also normalized relative to peak torque of that contraction (RTD,g) to control for
variation between subjects in muscle size and strength (21, 36, 49), as we observed that peak
RTD was related to overall peak torque and muscle size (see Results, 3.2).

Whole muscle size was assessed using computerized tomography (CT) and dual energy xray
absorptiometry (DEXA; GE Lunar Prodigy; Madison, WI) as described (12). Briefly, cross
sectional area (CSA\) of lean tissue (based on radiodensity) in the quadriceps muscle group
were assessed by CT at mid-thigh. Muscle mass of the thigh region was assessed using
DEXA. The thigh region was defined as tissue between the femoral condyles (distal) a
proximal cut-point marking 60% of the distance between the femoral condyles and the
greater trochanter.
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2.3 Muscle biopsy processing

Biopsy of the vastus lateralis muscle was performed, as described (57). A portion of tissue
was placed immediately into cold (4°C) dissecting solution (20 mM N,N-bis[2-
hydroxyethyl]-2-aminoethanesulfonic acid (BES), 5 mM ethylene glycol-bis(2-
aminoethylether)-N,N,N, N-tetraacetic acid (EGTA), 5 mM MgATP, 1 strength of 175 mEg,
pH 7.0 and at pCa 8 (pCa = —logyo [Ca2*]), muscle fiber bundles were carefully dissected,
tied to glass rods at slightly stretched lengths and chemically skinned, as described (42),
with long-term storage at —20°C in storage solution with 50% glycerol (v/v) until
measurements (performed within 3 weeks). Tissue not processed in this manner was frozen
in ligquid N5 and stored at —80°C until analysis.

2.4 Tissue MHC isoform expression

MHC isoform distribution was measured in tissue homogenates by gel electrophoresis, as
described previously (42). MHC isoform expression was not assessed in one female control
due to lack of sufficient tissue.

2.5 Single fiber contractile function and cross-sectional area

Measures of single fiber contractile function were characterized by measuring maximally
Ca?*-activated (pCa 4.5) isometric tension, shortening velocity and power output from
isotonic load clamps performed at 15°C, as described (11). Muscle fiber CSA was assessed
from the average of 5 top and side diameter measurement taken along the length of the fiber.
Following completion of mechanical assessments, fibers were placed in gel loading buffer
(2% sodium dodecyl sulfate, 62.5 mM Tris, 10% glycerol, 0.001% bromophenol blue, 5% [3-
mercaptoethanol, pH 6.8) and assessed for MHC isoform expression to determine fiber type,
as described (42). Single fiber contractile measures were not conducted on two OA
volunteers (1 man, 1 woman) because necessary equipment was unavailable at the time of
biopsy. In addition, CSA data were omitted for one male control for MHC I1A and IIAX
fibers because 10 out of 14 MHC 11A and I1AX fibers were statistical outliers (>3 SD from
the mean), with the remaining 4 MHC I1-type fibers all being greater than 2 SD from the
mean.

2.6 Statistics

Differences in means between groups were determined using unpaired t-tests and by
analysis of variance, with the latter including sex as an additional fixed effect to interrogate
whether there were group by sex interactions. Associations between measures were
determined using Pearson correlation coefficients for normally distributed data. For data that
was not normally distributed (Shapiro-Wilk test), Spearman rank correlation coefficients
were used (CSA in MHC I, 11A and I1A/X fibers and tension in MHC I1A fibers in the
pooled sample and power in MHC 1 fibers in knee OA). In cases where multiple
observations were available to characterize a parameter in each participant (eg, single fiber
CSA, mechanical measures), data was collapsed to a single mean value for each individual
for correlation analyses. All data are reported as mean + SEM. Statistical analyses were
performed using IBM SPSS Statistics (version 20.0, IVM, Armonk, NY).
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3. RESULTS

3.1 Physical characteristics

3.2RTD

Subject characteristics are listed in Table 1 by group assignment. There were no differences
between groups in age or body mass or height, and no effect of sex to modify any of these
parameters. As expected, physical activity level was significantly lower in volunteers with
knee OA compared to controls (55.4%, P<0.01), while no group by sex interaction was
noted.

Parameters describing RTD are shown in Figure 1. Volunteers with knee OA had lower
values for RTD (P<0.01), RTDy5 (P<0.05) and RTDsgq (P<0.01). There were no group by
sex interaction effects for any of the RTD variables, although there were sex effects for RTD
(P=0.05), with men having values than women. RTD was related to peak isometric torque,
(r=0.743; P<0.001) and indices of whole muscle size (r=0.576 and 0.525; both P<0.01, from
CT and DEXA, respectively), suggesting that the RTD measure may reflect the effects of
knee OA on overall muscle size and/or force production. Thus, we chose to also express
RTD relative to peak torque (RTDye)). This approach effectively accounted for variation in
muscle size and strength, indicated by the fact that RTD,e was not related to either peak
torque (r=0.120, P=0.54) or indices of whole muscle size (r=0.211, P=0.31 and r=0.191,
P=0.32, for muscle CSA and mass, respectively). RTD,g did not differ between groups
(P=0.753; not shown in figure).

3.3 Relationship between tissue MHC isoform expression and RTD parameters

No group differences, nor group X sex interaction effects were found in the relative
expression of MHC I, 1A or 11X via gel electrophoresis, as recently reported (12). Neither
RTD, nor RTDyg, Were related to the fractional expression of MHC I, I1A or I1A/X in the
pooled cohort (range of r-values: —0.002 to 0.160; range of P-values: 0.52 to 0.99), in OA
(range of r-values: 0.021 to 0.254; range of P-values: 0.36 to 0.94) or in controls (range of r-
values: 0.011 to - 0.269; range of P-values: 0.35 to 0.97).

3.4 Relationship between RTD and single muscle fiber CSA and function

Single muscle fiber functional parameters have been recently described for this cohort (11).
Briefly, group differences were apparent in tension in MHC 1A fibers, although no other
variables differed between groups. Additionally, group by sex interactions were noted for
MHC I1A power output, which was related to a trend towards a similar pattern of differences
in shortening velocity. In the entire cohort, RTD,g Was related to CSA of MHC 1IA/X fibers
(n=22; r=0.424; P<0.05). In knee OA, RTD,¢ Was related to shortening velocity in MHC |
(n=12; r=0.652; P<0.03) and IIA/X (n=7; r=0.862; P<0.02; Figure 2) fibers and power
output in MHC | fibers (n=11; r=0.642; P<0.04), but was not related to single muscle fiber
CSA or tension. In controls, RTDe was related to CSA of MHC IIA/X fibers (n=9; r=0.707,
P<0.05), but was not related to single fiber functional parameters. RTD was related to MHC
1A CSA (r=0.519; P<0.01) and tension (r=0.592; P<0.01) and MHC | CSA (r=0.377;
P<0.05) in the pooled cohort. Of note, our findings regarding RTD,¢| Were consistent
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regardless of whether peak torque of the contraction producing greatest RTD, or that
producing the greatest torque overall, were used to normalize RTD. In 11 of 29 cases, these
occurred in the same contraction. Measures of relative RTD normalized to either peak
torque value were themselves highly correlated (r=0.98, P<0.001). Furthermore, correlations
with variables of interest were similar both qualitatively and in their statistical significance
regardless of which torque value was used to calculate RTDyg.

In the knee OA group, RTD was related to shortening velocity in MHC 1 fibers (r=0.680;
P<0.02) and showed a trend toward being related to MHC 11A/X shortening velocity
(r=0.681; P=0.09). In controls, RTD was related to MHC IIA/X CSA (r=0.882; P<0.01).

4. DISCUSSION

Our investigation uncovered novel relationships between single fiber contractile
performance and the rate of whole muscle force development in older adults with knee OA,
suggesting that the mechanical properties of the constituent muscle fibers scale to tissue
level function. Considering that RTD has been shown to predict whole body functionality in
older volunteers with knee OA (61), these results suggest that their functional disability may
relate, in part, to deficits in the fundamental contractile properties of muscle fibers.

An interesting aspect of our findings is the group-specific nature of the relationships
between single fiber and whole muscle function. In older adults with knee OA, our results
suggest the possible involvement of myofilament functional properties in explaining
variability in RTD; whereas, in non-diseased controls, RTD was primarily correlated to
MHC I1A/X fiber size, an association that held up when data were pooled. This relationship
between the size of MHC I1A/X fibers, the most powerful fibers in older adults (11), and
RTD in the pooled sample and controls is logical and generally in keeping with data from
younger adults (27, 29, 31, 36). The absence of relationships of RTD to contractile
parameters in controls (and the pooled sample) may relate to their greater variability in
single MHC I1A/X fiber CSA compared to the OA group (coefficient of variation is >2-fold
higher in controls vs. OA: 55 vs. 21%; (12)). This is because, mathematically, correlations
are a function of the standard deviations of the dependent and independent variable.
Accordingly, this may explain why single fiber function, rather than MHC I1 fiber size, was
a better predictor of RTD in volunteers with knee OA. In this context, differences in
relationships between groups may depend on the relative degree of variability between
single muscle fiber size and functional measures within each group. Of course, we recognize
that the RTD measure is also dependent on variability in other physiological regulators, such
as tendon stiffness (9), motor unit discharge rate (35), the extent of voluntary neural
activation (2, 54) and other factors. Thus, variation in the single fiber correlates of RTD may
be explained by the fact that this measure is dependent on muscle fiber size and function
differently in the two groups because of differences in these other determinants of RTD.
Nonetheless, the fact that relationships were apparent between RTD and single fiber size and
functional measures in our groups despite the influence of these other well-known regulators
reinforces the notion that the amount and functionality of myofilament proteins determine
whole muscle contractility in older adults.
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It is notable that, in volunteers with knee OA, associations between single fiber functional
properties and whole muscle RTD were nearly as strong in MHC | fibers as they were in
MHC I1A/X fibers. This was somewhat unexpected considering that muscle fibers with
faster, more powerful contractile properties (eg, MHC I1A, MHC I1A/X) are assumed to
have greater influence over whole muscle contractile kinetics (31, 36), but may be explained
by the nature of the RTD measure and adaptations unique to volunteers with knee OA .
Regarding the former, as RTD typically occurs during the early phase of contraction, it may
be disproportionately dependent on MHC | contractile properties because low-threshold
motor neurons innervating slower-contracting muscle fibers are recruited prior to higher-
threshold motor units (30). Regarding the latter point, in volunteers with knee OA, where
there are well-known deficits in neural activation (8, 45), this may yield an even greater
recruitment of MHC | fibers in this early phase of contraction and, in turn, RTD may be
more dependent on MHC | fiber contractility compared to controls. Such a relative shift in
the proportional activation of MHC | vs. |1 fibers in volunteers with knee OA might
contribute to reduced RTD similar to the in vitro behavior of mixtures of slower and faster
contracting myosins, where slow-contracting myosins have a disproportionately greater
effect to slow velocity when mixed with faster isoforms (19). That is, increased relative
recruitment of MHC | fibers during the early phase of contraction may provide a
disproportionately large “kinetic brake” on rapid force development in volunteers with knee
OA.

Building on this last point, and in light of group-specific relationships of RTD to single fiber
properties, we put forth a hypothetical framework for the reduction in RTD in older adults.
In healthy older adults, age-related decline in the relative proportion of MHC I fibers
secondary to atrophy (36) may be the primary determinant of reduced RTD, albeit one
cannot discount contributions from concomitant reductions in MHC | contractility (20, 39)
and neural activation (35). In volunteers with knee OA, where there is the additional effect
of impaired neural activation superimposed upon age-related changes (8, 45), promoting
greater reliance on MHC | fiber contractile properties, rapid force development is further
reduced. In this situation, impaired MHC | contractility may further impair RTD because of
the predominant effect of slow MHC I contractile properties over MHC 11 fibers (8, 19). In
this context, our results, together with findings from other laboratories (1, 16, 17, 35),
provide a model that integrates both neural and intrinsic muscle impairments into the
etiology of reduced rapid force development with aging and the resultant performance
declines and disability. We recognize that this model assumes that motor unit recruitment
order is maintained during rapid contractions, a conclusion that is supported by a substantial
body of literature (3, 23, 24, 41, 53, 62). However, our interpretation of relationships
between fiber type-specific determinants of RTD in OA, suggesting that MHC | contractile
characteristics exert a greater than expected influence on whole muscle performance, may be
less robust if recruitment order is less reliable with age (15) or deep tissue pain (59). To this
point, while some evidence suggests altered fractional recruitment of different fiber types
with muscle pain (59), clear demonstration of reversal in recruitment order are lacking, and
others suggest that recruitment order is maintained with nociceptive stimulation (53).
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Volunteers with OA had slower RTD compared to controls, calculated at multiple points
along the torque generating phase of voluntary isometric knee extension, in agreement with
prior reports (61). Given the proposed contribution of reduced contractile velocity and
power to mobility impairments in older adults (4, 25, 56), it is appealing to extrapolate RTD
results to decreased dynamic contractile function. Indeed, our laboratories and others have
shown that impaired RTD is associated with decreased whole body functionality (40, 61).
Interestingly, however, we found that group differences were eliminated when expressed
relative to peak torque (RTD,|) to account for variation in whole muscle size/strength (21,
49). Moreover, isokinetic knee extensor power was not correlated with RTD¢ (P=0.417) in
the pooled cohort or in either group separately (P>0.4 for both), leaving us to conclude that
the relationship of RTD to functional parameters may be explained by its co-linearity with
peak torque generating capacity. Parenthetically, we should note that both absolute RTD and
RTDye were related to both MHC | and 1 size and contractility (see Results, 3.4), arguing
that these single fiber attributes are relevant to either measure. Practically speaking, absolute
RTD is relevant to real world function, as rapid generation of torque is necessary to adjust
for variation in center of pressure within the base of support (32), which is critical to
maintaining balance and preventing falls (7).

Finally, we were surprised that RTD did not differ by sex. Considering sex-dependent
differences in single fiber atrophy and contractile function in MHC Il fiber types that we
have recently reported (11, 12), we anticipated lower RTD in women with OA (ie, group X
sex interaction). This could relate to our modest sample size. Alternatively, the absence of
sex differences may be explained by sex-specific variation in other determinants of RTD.
Reports suggest that women with knee OA who are candidates for total knee arthroplasty
have greater neural activation deficits than men with OA, while healthy older women have
less activation deficits (46). Considering that more than half of our OA cohort were not
actively being considered for total knee arthroplasty, it is possible that neural activation was
greater in women and this compensated for reduced single fiber size and function (11, 12).
Additionally, there may be sex-specific adaptations in other determinants (eg, tendon
stiffness) or unique sex interactions between these determinants and medication regimens
(13) that compensate for decreased single fiber properties in women with knee OA.

5. CONCLUSION

In summary, our results demonstrate the potential relevance of muscle fiber size and
contractility to whole muscle performance in healthy older adults and those with advanced-
stage knee OA. The fact that these relationships were evident despite neural (34, 45) and
biomechanical (9) limitations that accompany knee OA further underscores their robustness
and potential relevance to functional outcomes. Considering that one of the defining
characteristics of the knee OA population is reduced physical activity secondary to joint
pain, these data suggest the need for rehabilitation strategies to improve muscle function
and, more specifically, modalities that are designed to enhance the inherent contractile
velocity of skeletal muscle, such as power training, to mitigate the development of
disability.
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Highlights
e Knee osteoarthritis (OA) reduces muscle size and strength.
» Absolute knee extensor rate of torque development is reduced with OA.
»  When normalized to peak torque, RTD is not different with OA.

«  Contractile characteristics of single muscle fibers predict normalized RTD in
OA.

»  Muscle fiber size of fast-twitch fibers predicts normalized RTD in controls.
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Figure 1.

RTDpeak RTD25 RTD50

RTD variables in control (open bars) and knee OA (closed bars) groups. RTD, rate of
isometric torque development; RTD,s5 and RTDs, rate of torque development per unit time
from the onset of torque development to 25% and 50% of peak torque, respectively. Data are
mean + SE. *, P<0.05 and **, P<0.01 group effect.

Exp Gerontol. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Callahan et al.

Page 16

5 MHC |
o °
5 o e’
it
=
S 21 . . r=0.652
o P<0.03
c
S 0 T T T T "
E 0.0 0.5 1.0 1.5 2.0 2.5
| .
£ e MHC IIA/X
[}]
| .
(@))
S 4
o
=
)
g
o P<0.02

0 T r '

00 05 10 15 20 25
Vmax (ml/s)

Figure 2.
Relationship of RTDy to shortening velocity (Vmax) in MHC | (n=12) and I1A/X (n=7)

fibers in knee OA volunteers. Note that variation in sample size is related to the fact that not
all volunteers had fibers of a specific fiber type analyzed due to simple random variation in
the fibers that were selected for analysis (ie, fiber type is blinded until after analysis, when
MHC isoform is determined) and because data from one male knee OA volunteer was
removed because his average data were outliers for MHC I1A and 1IA/X fibers (detailed in
Methods).
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Table 1

Subject Characteristics

Control OA
Sex (M/F) 8/7 7/8
Age (yrs) 68+1 71+£2

Height (cm) 168+ 2 165+ 3

Physical Activity (kcal-d™) 494 +46 253426 ™"

Data are means + SE.

* %
, P<0.01 control versus OA.
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