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ABSTRACT. The purpose of this study was to deter-
mine whether subjects with knee osteoarthritis (OA)
had reduced muscle strength at various muscle
lengths, endurance, contraction velocity and func-
tional capacity, compared with control subjects and
whether the decrease was related to functional
capacity. Forty-five men and 45 women with knee
OA were compared with a control group (41 males,
63 females) of similar age for functional capacity,
maximal isometric strength (in vivo length-tension
relationship) and endurance (in vivo force-time rela-
tionship) of knee flexion and extension and maximal
angular velocity (in vivo force-velocity relationship)
of knee extension. The OA subjects had increased
difficulty (2.03 £0.53) and pain (1.65 *=0.29) for
activities of daily living (ADLs) and significantly
lower strength for extension (72%) and flexion
(56%), endurance for the quadriceps (203%) and
hamstrings (214%) and velocity (128%). The reduc-
tions were greater at longer muscle lengths. These
data demonstrate that patients with knee OA have
reduced muscle function and functional capacity
compared to controls.

Key words: angular velocity, functional capacity, isometric,
muscle endurance, muscle strength, osteoarthritis.

INTRODUCTION

Osteoarthritis (OA) is a prevalent disease in middle-aged
and elderly individuals (23) which can lead to disability.
The progression of OA results in inflammation, joint
pain, deformity, decreased range of motion, etc., which
collectively may lead to functional limitations (3, 12).
These symptoms cause increased difficulty, pain and
dependency (16) in the ability to perform activities of
daily living (ADLs). These limitations may cause a loss
ol independence much earlier in patients with OA than in
healthy, elderly patients without OA.

Clinically, the symptoms of OA appear at the age
when there are significant decreases in muscle function

(muscle strength, endurance and angular velocity) (10).
The incidence of OA over the age of 55 is greater in
women than in men (5, 18). Women also have signifi-
cantly lower absolute values for muscle function than
men (10). It has previously been reported that the
inflammation and pain associated with OA may lead to
reduced activity and neuromuscular inhibition (20). The
last two factors may, in concert, lead to significant
reductions in muscle function.

While some attention has been given to the decline
in quadriceps muscle strength with OA, it has been
measured at only one position (joint angle and muscle
length). This is not the only muscle length or joint angle
that is used functionally when standing, climbing stairs
or rising from a chair, which are the activities that
are problematic for patients with OA. Furthermore, the
hamstring muscle group, in concert with the quadriceps,
stabilizes the knee, thus distributing the weight across
the cartilage of the knee and protecting the joint. The
ability of a muscle to contract rapidly (velocity) and to
continue to contract over time (endurance) has not been
measured in elderly subjects or patients with OA. If the
quadriceps and/or hamstring muscle groups have
reduced function, particularly at the longer muscle
lengths in patients with OA the knee joint may be
subject to increased deterioration and further injury
during ADLs. Functional capacity is not determined
by one contraction (strength), but by the ability to sustain
or repeat a series of contractions, termed °‘muscle
endurance’” or “‘fatigue ability™’. The ability to contract
muscle rapidly against fixed resistances is important
functionally as this is how activities are performed and
also how damage or injuries to joints are prevented.
Little evidence is currently available on muscular
endurance (force-time relationship), velocity of muscle
contraction (force-velocity relationship) or hamstring
function in OA patients. We have previously shown
that these parameters are altered in elderly subjects,
therefore it is reasonable to assume that, like strength
at short muscle lengths, the deterioration of these

Scand J Rehab Med 29



214 N. M. Fisher & D. R. Pendergast

parameters will be exacerbated by OA. Likewise, if there
are deficits, it is reasonable to postulate that a rehabili-
tation program would improve these parameters and
improve function, reduce deterioration and perhaps
prevent injury during ADLs as has been shown in elderly
subjects (9) and patients with OA (6-8, 11).

The purpose of this study was to determine whether
subjects with OA of the knees had significantly reduced
muscle strength, particularly at longer muscle lengths
(length-tension relationship). endurance (force-time rela-
tionship) and muscle contraction velocity when opposed
by resistances (force-velocity relationship) in both
quadriceps and hamstring muscle groups. In addition,
an examination of the relationship between the measured
muscle functions and functional capacity in patients
with OA was compared with that for control subjects.

MATERIALS AND METHODS

Forty-five men and 45 women (65.0 = 10.2 yrs) were randomly
selected from 437 volunteers, previously diagnosed with OA,
for participation in the study, using simple random sampling
procedures and a table of random numbers (14). All OA
subjects volunteered as a result of a newspaper advertisement.
They were required to bring a referral with confirming diag-
nosis from their primary care physician, rheumatologist
or orthopedic surgeon at the time of their first appointment.
The subjects were given a medical history, physical and
weight-bearing AP knee X-rays to confirm the diagnosis of
OA and to clear them for inclusion in the study. The criterion
used for admission was the presence of radiographically
documented Grade 2 or greater OA (17) of the knees. The
X-rays were evaluated by a rheumatologist and a radiologist
using the standards of Kellgren & Lawrence (17). Using this
scale, the degree of severity of knee OA is rated from | (none)
to 4 (severe) based on the radiographic evidence. The presence
of osteophytes on the tibial spines, the degree of joint narrow-
ing and the presence of pseudocystic areas with sclerotic walls
were used as the criteria. The scale has been found to be valid
and reliable for the knee when two raters are used, as was the
case in this study (17). Nine volunteers (4 males and 5 females)
failed to meet these criteria and were subsequently replaced
with volunteers, randomly selected from the volunteer sample
by the same method. who did meet the criteria. A control group
(41 males and 63 females) (68.2 = 5.0 yrs) volunteered from
the populations of two senior citizen centers. The controls were
given a history and a physical examination to ensure that they
did not have symptomatic OA or any medical or functional
limitations. We realize that some of the controls may have had
asymptomatic OA. Owing to cost and radiation exposure, no
X-rays were taken in the control group. No attempt was made
to match the OA and control subjects. All subjects had to be
over 60 years of age and living independently. All subjects
gave informed consent prior to participation. The subjects then
participated in a series of measurements to assess their func-
tional capacity and muscle function.

Functional capacity assessment

The functional capacity measures conducted were the Jette
Functional Status Index (JFSI) and 50 foot walking time.
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Walking time was measured indoors, walking 50 ft. forward at
maximal speed. The JFSI has been shown to be reliable and
valid for patients with osteoarthritis, including those with
affected knees (7, 16). It measures both upper and lower
extremity function, assessing the degrees of dependence, diffi-
culty and pain encountered when performing various ADLSs.
Although there is some controversy regarding subjective testing,
some investigators suggest that this type of testing is valid as a
measurement of functional capacity and pain (20, 21).

Muscle function assessment

Maximal isometric strength at various muscle lengths, endur-
ance and angular velocity were measured to generate the
physiologic in vivo length-tension (strength), in vivo force-
time (endurance) and in vive force-velocity (angular velocity)
relationships. The muscle function measurements were con-
ducted on three separate days, with at least one rest day in-
between, so as to minimize the effects of fatigue. Prior to actual
data collection on the first day, subjects familiarized themselves
with the equipment and practiced the measurements. For the
strength measurements, the subjects were given two trials at
one position, followed by a 3-minute rest to recover their high-
energy phosphates. This was then repeated for all positions. One
endurance measurement for the quadriceps and hamstrings
for each leg was determined at the end of each day of testing.
Angular velocity measures started at zero resistance and pro-
gressed to the highest resistance (4.5 kg) for one position. Three
minutes rest was given between resistances. The angular
velocity measurements at the various positions were spread
equally over the three testing days. The subjects were encour-
aged not to hold their breath, especially during the endurance
contractions, thus avoiding a Valsalva maneuver which would
increase heart rate and blood pressure. All muscle function
measurements were performed on a specially designed exercise
bench, which has been previously described (8, 10, 11).
Maximal isometric quadriceps force was measured, with a
strain gauge, at three knee flexion positions and five hip flexion/!
extension positions, on the specially designed bench (Fig. 1).
The different knee flexion positions (43°, 90° and 104°) were
used because of the effects on strength and motor unit recruit-
ment produced when varying knee position (15, 19, 22). The
different hip flexion (120°, 90°, 60° and 30°) and hip extension
(0°) positions were used to stretch the rectus femoris. The rectus
femoris muscle length, from the anterior inferior iliac spine to
the tibial tuberosity, was measured at all hip flexion/extension.

Fig. 1. Schematic diagram of the exercise bench used for
quantitative testing of muscle function. A= Variable hip
angle; B = Variable knee angle; C = Weight stack; D = Counter
weighting system; E = Force transducer: F = Potentiometer.
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and knee flexion position combinations. Each maximal iso-
metric contraction was performed for 2 to 3 seconds. Two
irials with each leg, in each of the 15 positions, were performed
with the highest value from the weakest leg used for the
analyses. The subject alternated legs for each contraction in
order to minimize fatigue. Torque was calculated by multiplying
the force by the lever arm (distance between the lateral joint
line and the point of force application) for each subject.
Measurements of maximal isometric hamstring strength were
made at one hip extension (0°) and three knee flexion (14°, 29°
and 43°) positions by the same procedure. The knee and hip
angles were chosen to reflect the functional length of the muscle
as well as subject acceptability.

Quadriceps endurance was measured at each knee flexion
position (43°, 90° and 104°), but only at one hip flexion position
130° or 60°) for each leg. This approach was adopted in order to
minimize fatigue that would occur if more muscle lengths were
evaluated. The force sustained during an endurance contraction
was also measured using a strain gauge. The subject maintained
4 maximal isometric contraction (force) for as long as possible
or a maximum of 90 seconds. Endurance was calculated as the
area under the fatigue curve or the tension-time index. Measure-
ments of maximal isometric hamstring endurance were made at
one hip extension (0°) and three knee flexion (14°, 29° and 43°)
positions by the same procedure.

Angular velocity is a measurement that is frequently ignored,
but that is of critical importance when discussing overall muscle
lunction, especially of patients with any musculoskeletal or
neuromuscular diseases. The velocity of muscle contraction is
important functionally because of its role in balance (corrective
compensations) and the prevention of falls. Maximal angular
velocity was measured using a potentiometer attached to the axis
ol rotation of the knee extension arm. Using this type of
cquipment, a measure of angular velocity can be made for a
siven resistance (force-velocity relationship), as opposed to
using a predetermined velocity to measure torque production
(isokinetic device). The muscle function measurements used in
this protocol mimic the use of muscles during ADLs and are safe
for patients with disease. Maximal angular velocity measure-
ments were made by having the subjects move the knee exten-
sion arm as rapidly as possible through their range of motion.
'his was done with five resistances (0, 1, 2, 3 and 4.5kg),
thereby generating an in vivo force-velocity curve. Angular
velocity was measured at four hip positions (90°, 60° and 30°
(flexion) and 0° (extension)). Two trials were performed with
cach resistance and hip position for each leg (alternating repeti-
tions). The resistances were kept at these low levels due to the
potential pain and discomfort that could result in OA subjects
doing a maneuver with heavier resistances. The equipment for
the muscle function measurements has been used in several
studies (6—11) where repeated measures of the same parameter
were made on different days on the same subject. These data
demonstrate that the measures of isometric strength at all muscle
lengths, muscle endurance and angular velocity are reliable,
with correlation coefficients of 0.93, 0.86 and 0.79, respectively
(7.10).

Maximal handgrip strength and endurance were measured for
cach hand with a standard Stoelting handgrip dynamometer. The
handgrip data were collected to show the differences between
the function of the supporting musculature of an unaffected
(hand/wrist) vs an affected (knee) joint.

Data analysis

‘T'he primary purpose of this study was to compare the functional
capacity and muscle function of the OA group with that of the
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control group. As secondary analyses, the effects of changing
joint position (muscle length) on muscle function and compari-
sons between men and women were completed. Each leg was
measured and compared individually. The data for the weakest
leg are presented as this leg typically had a higher degree of CA
in the knee joint. Furthermore, the weak leg is the limiting
factor in performing lower extremity functional activities. The
values presented are means = standard deviations. The obser-
vers could not be blinded as to whether the subjects were
controls or had OA as the test population had to be evaluated
in two different locations.

An analysis of variance for repeated measures was used
separately on the OA and control groups to determine the effects
of changing muscle length on quadriceps and hamstring strength
and endurance, and of increasing resistance on angular velocity.

The OA subjects were divided into two groups on the basis
of disease severity—those with less than Grade 3 OA and those
with Grade 3 or greater OA. ANOVAs were performed to
determine the effects of OA severity on muscle function and
functional capacity.

Analyses were performed on the men vs the women for both
groups as typically muscle mass is greater for men than for
women. The data for the men and women in the OA group and
control group were compared using a two-way ANOVA for
quadriceps and hamstring strength and endurance as a function
of changing hip and/or knee position, angular velocity as a
function of increasing resistance and functional capacity as
a function of dependence, difficulty and pain. Walking time
and the JFST between the OA and control groups and men and
women were compared by means of Mann-Whitney two sample
tests.

Correlation coefficients (Pearson Product-Moment) were
determined in order to examine the inter-relationships between
the various measures of functional capacity and muscle function.

Based on the large number of randomly selected subjects,
the similarity in numbers in the OA and control groups and
between men and women in each group, the data for the men and
women in each group were combined and analyzed by a two-
factor repeated measures ANOVA comparing OA to control
for: (1) quadriceps strength as a function of all hip and knee
positions: (2) quadriceps endurance as a function of all hip and
knee positions; (3) hamstring strength as a function of knee
position; (4) hamstring endurance as a function of knee position
and (5) angular velocity for all resistances and hip positions.
An alpha level of p < 0.01 was used for all statistical compari-
sons to minimize loss of power due to the multiple comparisons
made.

RESULTS

The physical characteristics of the subjects are presented
in Table I. The age and height of the OA group were not
significantly different from the control group. The OA
group was significantly heavier than the control group
(p<0.01).

Since there were no significant differences between
the severity of OA and the muscle function and func-
tional capacity results (p <0.01), the two OA groups
were combined. The control group had no symptoms
of OA.

Statistically significant (p < 0.01) gender differences
were observed for the control group for muscle function
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Table 1. Physical characteristics of subjects (mean % SD)

Significance
Osteoarthritis Control (p<0.01)
n 90 104
Age (years) 65+ 10.2 68.2=50 NS
Height (cm) 168.6 + 8.6 166.2 = 6.1 NS
Weight (kg) 85.0 = 16.7 70384 ¥

NS: not significant; *:
(p<001).

significantly different from control

and walking speed. There were significant differences
between the OA men and women for strength and
endurance. The magnitude of difference between the
men and women was similar for both the control and
OA groups.

Functional capacity

The data for the measures of functional capacity can be
found in Fig. 2. The data for the JFSI are presented in the
upper plate. The OA subjects were not significantly more
dependent than the control subjects; however, they had
significantly more difficulty and pain. There were no
significant differences in the JFSI between the men and
women in either group. Walking time (see Fig. 2, lower
plate) was significantly higher in the OA group than in
the control group. There were no significant differences
in walking time between men and women in the OA
group (103 £2.5 seconds vs 11.1 =3.1 seconds,
respectively).

Muscle characteristics

The maximal rectus femoris muscle length of the OA
subjects (measured at 0° hip extension) was significantly
shorter than that of the controls (54.8 = 1.8cm vs
57.2 = 34cm, respectively). The maximal rectus
femoris muscle length of the men was significantly
greater than that of the women in the OA group
(57.2 £ 2.4cm vs 52.4 = 2cm, respectively).

Muscle function

Strength. Maximal isometric torques for knee extension
strength at five hip positions (increasing rectus femoris
muscle length from 120° of hip flexion to 0° of hip
extension) are shown in Fig. 3. There were no significant
increases in torque as the hip position was decreased
(from 120° to 0°) (i.e. muscle lengthened) in the OA
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Fig. 2. Mean £ SD for the Jette Functional Status Index (JESI)
(upper plate) and 50 foot walking time (seconds) (lower plate)
plotted for the control (open bars) and osteoarthritis (OA, cross-
hatched bars) groups. The SD for the control group was 0 for
the JFSL. The * indicates a significant difference (p < 0.01) from
the control group.
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Fig. 3. Mean *= SD of maximal isometric knee extension torque
(quadriceps) (Nm) for the control and osteoarthritis (OA) groups
plotted as a function of hip flexion/extension position (degrees)
(increasing muscle length). The knee was fixed at 90° of flexion.
The closed triangles indicate the controls and the closed circles
indicate the osteoarthritis patients. The * indicates a significant
difference (p < 0.01) from the control group.
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Table 1. Comparison of muscle function in osteoarthritic men and women (mean = SD)
Significance
Men Women (p<0.01)
Strength
(uadriceps (Nm) 812+ 256 37.6 =103 *
(knee 90°, hip 30°)
Hamstring (Nm) 313 +96 159 =538 *
(knee 14°%)
Handgrip (N) 3455+ 93.0 201.5 + 54.1 *
Lndurance
Quadriceps (Nm - sec) 3,2954 +2,063.2 2,066.8 = 1.124.8 *
(knee 90°, hip 30%)
Hamstring (Nm - sec) 1,121.0 = 681.6 584.5 + 355.7 #
(knee 14°)
Handgrip (N - sec) 16,486.4 = 8,089.4 8,600.8 = 3,700.4 *
\ngular velocity
(deg-sec™"y (hip 30° Okg) 163.9 + 30.2 152.1 + 343 NS

NS: not significant: *: significantly different from the osteoarthritic men (p < 0.01).

sroup. In the control group, the torques at hip flexion
positions of 60° and 30° were significantly higher than
those at 120° and 90° (hip flexion) and 0° (hip extension).
The torque values for the control group were 63%, 73%,
¥3%, 80% and 63% greater than those for the OA group
at hip positions of 120°, 90°, 60°, 30° and 0°, respectively.
The control values were, on average, 72% higher than
the OA values at all muscle lengths. The maximal
isometric quadriceps strength of the OA men was sig-
nificantly greater than that of the OA women (Table II).

Maximal isometric torques for hamstring flexion
strength at three knee positions (decreasing muscle
lengths from 14° to 43° of flexion) are presented in
Fig. 4. The values for the OA group were not affected
by changing knee position. The maximal isometric
hamstring strength of the OA men was significantly
creater than that of the OA women (Table 1I).

Maximal isometric handgrip strength was slightly
reduced in the OA subjects when compared to controls
(2735 = 54.1N vs 291.8 = 00.8N, respectively) and
was significantly greater for the OA men than for the
OA women (Table TI).

Endurance. The average value for quadriceps endurance
with the hip flexed at 30° and the knee flexed at 90°
was greater than those obtained at any other knee
flexion position in both groups. The quadriceps endur-
ance for the OA group (2,681.1 * 1,124.8 Nm-sec)
was significantly lower than the value for the control
group (8, 125.0 £ 4,063.0 Nm-sec). Maximal hamstring
endurance, measured at the longest muscle length (knee

flexed at 14°), was 852.8 * 355.7 Nm-sec in the OA
group and 2,679.0 * 1,498.0Nm-sec in the control
group. Maximal handgrip endurance was 12,544.1 *
3,7004N-sec in the OA group and 16,752.3%
5,673.5N-sec in the control group. The values for the
same variables were significantly greater for the OA men
than for the OA women (Table II).

Angular velocity. The data for maximal angular velocity
are presented in Fig. 5. For any resistance, the OA group
had significantly slower angular velocities than the con-
trol group (p<0.01). In the OA group, the angular
velocity did not decrease significantly as a function

TH (Nm)
40
30 +
20
T 2" &
KNEE FLEXION

Fig. 4. Mean = SD of maximal isometric knee flexion torque
(hamstrings) (Nm) for the eontrol (open bars) and osteoarthritis
(OA, cross-hatched bars) groups plotted as a function of knee
flexion position (degrees). The hip was fixed at 0° of extension
(prone). The * indicales a significant difference (p < 0.01) from
the control group.
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AV (C-sec” ) HIP FLEX. 30° 26) and_OA pafuants (20, 21, 26). No comparable d‘ata
are available for muscle endurance and contraction
400 X3 0 A speed for these groups. Based on these similarities, we
propose that our measurements of isometric strength at
300 | other joint angles, muscle endurance and contraction
speed are representative of the elderly and OA subjects.
200 + T

100 - Inter-relationships. The inter-relationships between
o variables were examined on the data for the OA group
RESISTANCE (Kg) only. The correlation coefficients () between the indices
) of functional capacity revealed that there were signifi-

Fig. 5. Mean*=SD of maximal angular velocity

(degrees~second_') for the control (open bars) and osteoarthritis
(OA, cross-hatched bars) groups plotted as a function of increas-
ing resistance (kg). The hip was fixed at 30° of flexion. The #
indicates a significant difference (p <0.01) from the control
group.

of increased resistance (p <0.01). In the control
group, the angular velocity decreased significantly
from 3723 = 91.3 degrees-second”' to 277.6 % 90.6
degrees-second ™' as the resistance was increased from
Okg to 4.5kg, respectively. There were no significant
differences in the maximum angular velocity (hip flexed
at 30°) between the men and women in the OA group
(Table 1II).

The data for isometric strength presented in this
study for control subjects and for those with knee OA
are in agreement with comparable measurements pre-
viously reported for elderly subjects (9, 10, 15, 19, 24,

cant relationships (p < 0.01) between all combinations
of pairings of dependence, difficulty and pain on the
JFSI and walking time. The strongest relationship was
that between difficulty and pain on the JFSI (r = 0.84)
and the weakest was that between walking time and
dependence on the JFSI (r = 0.41) (see Table III).

The correlation analyses for quadriceps strength at the
three different knee angles were statistically significant
and showed high correlations. For example, for knee
angles of 104°, 90° and 43°, the correlation coefficients
were (.83 (104° vs 90°), 0.81 (104° vs 43°) and 0.78 (90°
vs 43°), respectively, at a hip angle of 30°. The correla-
tions between hip angles were also significant. For
example, at a knee angle of 90°, the correlation coeffi-
cients were 0.85 (120° vs 90°), 0.91 (90° vs 60°), 0.93
(60° vs 30°) and 0.88 (30° vs 0°). The correlation
coefficient between 120° and 0° (r = 0.76) was also
highly significant. The correlations between the knee

Table Ill. Pearson correlation coefficients (r) for functional capacity and muscle function variables

Functional capacity

Muscle function

Str Str End End
WT Dep. Dift. Pain quads. hams. quads. hams. AV

Walking time 1.00 0.41% 0.50% 0.45% —0.44% —0.36% —0.40%* —0.34% —0.49%
Jette Functional Status Index

Dependence 1.00 0.56* 0.55% —0.15 —0.12 —0.26 -0.22 —0.07

Difficulty 1.00 0.84% —0.19 —0.14 —0.23 —0.26 —0.20.

Pain 1.00 —0.17 —0.16 -0.26 —0.28 —0.11
Strength

Quads. (hip 30°/knee 90°) 1.00 0.66% 0.45*% 0.36% 0.64*

Hams. (knee 14°) 1.00 0.44% 0.72% 0.41*
Endurance

Quads. (hip 30°/knee 90°) 1.00 0.60% 0.30

Hams. (knee 14%) 1.00 0.19
Velocity (hip 0°/4.5kg) 1.00

*: significantly correlated variables, p < 0.01. WT: walking time, Dep.: dependence, Diff.: difficulty; Str.: strength; End.: endurance;
AV: angular velocity: Quads.: quadriceps; Hams.: hamstrings.
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angles for hamstring strength were 0.76 for 14° 1o 29,
.66 for 14° to 43° and 0.75 for 29° to 43°. They were
significantly correlated. The correlations for endurance at
the different knee and hip angles were similar to the
results observed for strength, with coefficients ranging
[rom 0.60 to 0.75. Correlations among the time intervals
of the endurance contractions (15 to 90 seconds) were
significant and ranged from 0.87 to 0.97 for knee flexion
and extension. The correlation coefficients for angular
velocity between hip angles and resistances were all
significantly related with the coefficients ranging from
0.65 to 0.91.

The inter-relationships between the different variables
cxamined in the OA subjects are presented in Table III.
As indicated, the JFSI variables (dependence, difficulty
and pain) were not significantly correlated to muscular
strength, endurance or contraction velocity. Walking
time was weakly related to muscle function. The mea-
sures of strength between the quadriceps and hamstrings
were well correlated to each other, as were measures
of endurance. However, strength, especially for the
yuadriceps, was only weakly to moderately related to
cndurance. Angular velocity was significantly corre-
lated with strength, but not with endurance in this OA
population.

DISCUSSION

The present study clearly indicates that the OA subjects
had reductions in functional capacity and muscle
function. The increases in walking time (78%) and
difficulty (103%) and pain (65%) of performing various
activities of daily living (JESI) were comparable to
the data previously reported by others for OA patients
(6, 7, 11, 16). The degree of limitation of these
patients was not sufficient to increase their level of
dependency. Other investigators have reported that OA
patients eventually become more dependent (13, 27) as
their disease progresses; however, not to the degree
observed in rheumatoid arthritis patients (2, 26). The
low level of dependency in OA patients is most likely
one of the reasons they are not routinely referred to
physical or occupational therapy. In many cases, they are
advised to ‘“‘learn to live” within the limitations of
their symptoms. For example, of the 437 patients who
volunteered for this study, less than 2% had previously
received physical or occupational therapy: however, all
of them suffered from increasing difficulty and pain.
The isometric muscle strength data presented in this
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study for the control subjects and OA subjects are in
agreement with comparable measurements previously
reported for elderly subjects (9, 10, 15, 19, 24, 26) and
patients with OA (20, 21, 26). Based on these similar-
ities, we propose that our measurements of isometric
strength at other joint angles, muscle endurance and
contraction speed are representative of the elderly
and patients with OA of the knee. The data for the age
group investigated in this study (55-75 years) are about
50% less than similar values for younger subjects (20-30
years) (10). The hamstring strength data for the control
subjects from the present study would appear to be
about 20% less than reported in another study (24).
This could be accounted for by sampling variability.
We are unaware of comparable data for control subjects
for quadriceps and hamstring endurance and/or angular
velocity.

The body weight of the OA subjects was greater than
that of the control subjects. In general, most of the
increase in body weight in the OA subjects is due to an
increase in the percentage of fat, as a result of reduced
physical activity (1, 4). It could also be argued that there
is muscle atrophy and motor unit inhibition as a result
of lower activity levels and pain. Since the muscle
force is proportional to the muscle cross-sectional
area, correcting for overall body weight in these
measurements of muscle function may be misleading
as it would exaggerate the differences between OA
and control subjects. It was outside the scope of this
study to quantitatively measure cross-sectional area of
muscle. If the data were corrected for body weight, then
the results for the OA group would appear even more
significant.

It is important to measure these muscle physiology
variables at the different knee/hip positions, i.e. muscle
length. Previous studies have concentrated on quadriceps
strength as measured in the sitting position, where the
muscle is in a shortened position and the force is low.
However, patients with OA have difficulty with activ-
ities, such as rising from a chair and climbing stairs,
that require a higher force to be generated at longer
muscle lengths; this has not been previously evaluated.
Furthermore, the alignment about the knee and the
distribution of forces on the cartilage are dependent
upon the isometric contraction of both the hamstring
and quadriceps muscle groups. Many ADLs require
dynamic movement, with rapid contraction (velocity)
of the muscle. The inability to contract a muscle rapidly
against gravitational or external resistances has been
implicated in falls and other joint injuries. Based on the
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importance of these variables to patients with OA, we
attempted to quantify the deficits in these parameters.

The wvalues for all muscle function parameters
(strength, endurance and angular velocity) in the OA
group were significantly lower than similar values in the
control group. The magnitude of the reductions was 72%
and 56% for strength of the quadriceps and hamstrings,
203% and 214% for endurance of the guadriceps and
hamstrings and 128% for angular velocity. The reduc-
tions in endurance were greater than those observed for
hamstring strength and angular velocity. There was no
difference in handgrip strength between the OA and
control groups (7%), although the handgrip endurance
was somewhat lower in the OA group (34%). These
results indicate that there is decreased function of the
musculature supporting the affected knee; however, there
was normal function of the musculature supporting
the unaffected hand and wrist. This would mean that
the changes in function as measured by the JFSI would
reflect changes in only the lower limb.

The observed values of muscle function for the OA
subjects in this study are only 10% higher than those
values that have been suggested to be necessary to
perform ADLs (10, 25). The greatest difficulty was reported
for climbing stairs and rising from a chair, i.e. activities
that require a high force and contraction speed.

The reductions in quadriceps strength were greater
than those for hamstring strength. In the OA group, the
torque did not increase with increasing muscle length as
was seen for the control group. The strength reductions
were greater at the longer, but not the longest, muscle
lengths. These are functionally more important in rising
from a chair or climbing stairs. The difference at the
longest muscle length was not greater than at the shortest
muscle length, as the absolute torque of the control
subjects decreased at the longest length. These findings
are in agreement with what has previously been shown
for healthy, aging subjects. Specifically, the reductions
in function were more pronounced at the longer muscle
lengths (10). In fact, the maximal muscle length that
the OA subjects could achieve was significantly less (less
hip extension) than that for the controls.

We are aware that some of the control subjects may
have had asymptomatic OA since we did not X-ray them.
If they did have OA, the differences between the two
groups would not have been as significantly different
from each other. Although we did not match the control
and OA subjects, our large groups of OA and control
subjects were of similar age. Furthermore, our data are
comparable with other studies that performed the same
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measurements (9, 10, 15, 19-21, 24, 26) on fewer
subjects. Therefore, our samples are representative of
OA patients and control subjects.

Clinical application

Most of the subjects in this study had knee pain when
standing, walking or climbing stairs. Recent evidence
has shown that improvements in muscle function
provide better support to the joint, thereby reducing
pain during activity (6, 7, 11). Although the correlation
between muscle function and functional capacity in
the present study was not strong, previous studies in the
elderly (9) and patients with OA (6-8, 11) have shown
that increases in muscle performance were associated
with increases in functional capacity.

The reductions in endurance demonstrated in this
study would result in a declining stability of the knee
over the length of a day (i.e. when performing ADLSs).
This may lead to an exacerbation of the OA symptoms
and perhaps hasten the progression of the disease. Like-
wise, the OA patient is more susceptible to injury as the
ability to correct for body movement is reduced due to
the decrease in the muscle contraction velocity, resulting
in patient stumbles, falls, etc.

Therefore, any type of rehabilitation program should
focus on alleviating the patients’ symptoms through
improving muscle function. Since patient symptoms,
especially pain, may eventually lead to total joint arthro-
plasty, in many cases, improvements in muscle function
may reduce pain and prolong the time until surgery. A
specific exercise intervention has been shown to improve
muscle function and functional capacity in patients with
OA of the knees (7, 8, 11).

In conclusion, there is a decrease in the muscle
function of patients with knee OA that appears not to
be related to the radiographic severity of the OA or
functional capacity. The OA effects are superimposed on
the natural decline in muscle function seen with aging,
with a greater impact at the longer muscle lengths.
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