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We recruited 132 subjects with bilateral knee osteoarthritis (Altman Grade II) to compare the
effects of different stretching techniques on the outcomes of isokinetic muscle strengthening exer-
cises. Patients were randomly divided into four groups (I-IV). The patients in Group I received
isokinetic muscular strengthening exercises, Group Il received bilateral knee static stretching and
isokinetic exercises, Group III received proprioceptive neuromuscular facilitation (PNF) stretch-
ing and isokinetic exercises, and Group IV acted as controls. Outcomes were measured by
changes in Lequesne’s index, range of knee motion, visual analog pain scale, and peak muscle
torques during knee flexion and extension. Patients in all the treated groups experienced signifi-
cant reductions in knee pain and disability, and increased peak muscle torques after treatment
and at follow-up. However, only patients in Groups II and III had significant improvements in
range of motion and muscle strength gain during 60°/second angular velocity peak torques.
Group III demonstrated the greatest increase in muscle strength gain during 180°/second angu-
lar velocity peak torques. In conclusion, stretching therapy could increase the effectiveness of iso-
kinetic exercise in terms of functional improvement in patients with knee osteoarthritis. PNF
techniques were more effective than static stretching.
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Osteoarthritis (OA) is the most common form of
degenerative arthritis and is a widespread, slowly
developing disease that increases in prevalence with
increasing age [1,2]. The knee joint is the most com-
monly affected large weight-bearing joint, where the
disease can be particularly disabling because of the
consequent difficulties in rising from a chair, climbing
stairs, kneeling, standing, and walking. The presence
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of pain, combined with muscle weakness, increased
body sway, and impaired balance, put affected indi-
viduals at risk of falls and decreased activity [3].
Although many older adults with arthritis tend to
avoid activity, exercise is one of the most effective,
non-pharmacologic treatments for OA, particularly
for knee OA [4-6]. Specifically, long-term walking [7],
isokinetic quadriceps exercise [8,9], high and low in-
tensity cycle ergometry [10], and aquatic exercise
classes can improve physical function and gait, and
reduce knee pain in older adults with knee OA [11].
An increasing number of studies have demonstrated
the benefits of exercise for knee OA, clearly indicating
that aerobics and strength training improve strength,
exercise capacity, gait, functional performance and
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balance, and reduce the risk of falling [12,13]. How-
ever, compliance is an important issue, and those stud-
ies with high patient compliance produced better
results. Patients” compliance depends on many ele-
ments, including consistent education, encouragement,
and follow-up. Injury and complications as a direct
consequence of inappropriate exercise, such as knee
pain during exercise, weakness of leg muscles, and ini-
tial range of motion (ROM), are major factors result-
ing in poor compliance [14].

In patients with chronic knee OA, knee pain and
weakness of the quadriceps result in the progressive
shortening of periarticular connective tissue and flex-
ion contracture of the arthritic knee. Connective tissue
is composed of collagen fibers within a proteoglycan
matrix. It may become fibrotic, contracted, and short-
ened when subjected to immobilization or inactivity
due to arthritic joint pain, resulting in joint capsule
contractures and limited ROM, and adaptive short-
ening may occur in the muscles as well. Slow, sus-
tained stretching and ROM exercises should therefore
be performed to treat arthritic knees. Quick, jerky
stretching should be avoided as it stimulates the mus-
cle spindle of the intrafusal muscle fibers, causing the
muscle to contract reflexively. Slower sustained stretch-
ing, however, causes firing of the Golgi tendon organs,
which lie in series with the extrafusal muscle fibers,
resulting in muscle relaxation [15].

In a previous study [16], long-term flexibility stretch
training, as well as acute single stretching maneu-
vers, produced significant increases in ROM but either
no changes in stiffness, or only minor, short-lasting
changes. Bjorklund et al [17] suggested that sensory
adaptation was an important mechanistic factor in
the effects of stretching on ROM changes. Therefore,
the increase in ROM following appropriate stretching
therapy should be taken into account in planning ther-
apeutic exercises for patients with knee OA.

Our previous report [18] showed that isokinetic
exercise combined with ultrasound treatment for
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periarticular soft tissue pain control could reduce joint
pain during exercise and increase the therapeutic effi-
cacy of isokinetic exercise. Nevertheless, the limited
ROM of the arthritic knee joint was still the main
factor resulting in muscular weakness or fatigue dur-
ing isokinetic exercise. Based on the hypothesis that
stretching-induced improvements in ROM of the ar-
thritic knee would increase the peak muscle torque
(MPT) from isokinetic exercise, we compared the ef-
fects of various stretching techniques on the outcomes
of isokinetic exercise in patients with knee OA.

PATIENTS AND METHODS

Subjects

One hundred and thirty-two patients with bilateral,
moderate knee OA (Altman Grade II, as shown in
Table 1) [19] were selected and randomly assigned to
four groups, followed by an intention-to-treat analy-
sis using a secure system of sequentially numbered,
opaque, sealed envelopes containing treatment allo-
cations (I-IV), randomly assigned by computer. Pa-
tients with hip joint OA or any other hip problems
with ROM limitations were excluded. The doctor who
assigned the patients was blinded to the treatment the
patients received. Patients underwent their respective
treatments three times weekly, for 8 weeks. Patients
in Group I (33 patients) received isokinetic muscular
strengthening exercises, those in Group II (33 patients)
received bilateral knee static stretching therapy before
isokinetic exercise, those in Group III (33 patients)
received proprioceptive neuromuscular facilitation
(PNF) stretching therapy before isokinetic exercise,
and those in Group IV (33 patients) received no treat-
ment, other than warm-up cycling, and acted as con-
trols. All patients received hot packs for 10 minutes
and passive ROM exercise on an electric stationary bike
(20 cycles per minute) for 10 minutes before undergo-
ing muscle-strengthening exercises. The therapeutic

Table 1. Stages of knee osteoarthritis*

Stage Age (yr) Knee pain Osteophytes Morning stiffness Crepitus Bony enlargement
I <40 Y Y N N N
II >40 Y Y <30min Y N
11 >40 Y Y >30min Y N
v >40 Y Y >30min Y Y

*Modified with permission from Reference 19.Y = presence of the symptom or sign; N = absence of the symptom or sign.

Kaohsiung J Med Sci June 2009 ¢ Vol 25 « No 6

307



M.C. Weng, C.L. Lee, C.H. Chen, et al

effects of the exercises were evaluated by changes in
ROM of both knees [20], pain measured on a visual
analog scale (VAS) [21], Lequesne’s index (LI) [22],
and MPT during knee flexion and extension, meas-
ured with an isokinetic dynamometer (Kin-Com 505;
Chattanooga Corp., Chattanooga, TN, USA) after treat-
ment and at 1-year follow-up. All the measurements
were performed by the same physiatrist who was
unaware of the treatment the patients had received.
The attrition rate in each group was analyzed. All par-
ticipants gave informed consent for the study and the
study protocol was approved by the Ethics Review
Committee of Kaohsiung Medical University.

Measurement of knee ROM

Assisted, active ROM was measured using a large plas-
tic goniometer with 25-cm movable arms, marked in
1° increments. This device has been shown to be reli-
able if the patient remains in the same position for all
the measurements [23]. Measurements of knee flexion
and extension were taken with subjects lying supine
on an examination couch, at active, maximum flexion
of the knee joint with the hip flexed. Concomitant hip
flexion prevented premature limitation of knee motion
due to possible rectus femoris shortening. The fully
extended knee was considered to be the zero posi-
tion, and the degrees of maximum flexion and maxi-
mum extension were recorded. A negative ROM score
for extension indicated that the patient was unable to
reach the zero position. The angle between maximum
flexion and maximum extension was defined as the
excursion range.

Measurement of pain severity

The severity of knee pain was evaluated by VAS scores
after patients had been in a weight-bearing posture
(walking) for 5 minutes. The instrument used consisted
of horizontal lines 10 cm long, with anchor points of 0
(no pain) and 10 (pain as bad as it could possibly be).
The average of three measurements was recorded,
and a 10-minute interval was set between tests to
produce more consistent measurement conditions.

Measurement of disability

Disability of patients with knee OA was evaluated
using the LI index. The questionnaire included 11 ques-
tions concerning knee discomfort, endurance of ambu-
lation, and difficulties in daily life. A maximum score
of 26 indicated the greatest degree of dysfunction, and
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a score of 1-3 indicated mild dysfunction. Patients
with scores of <7 points were considered to be suit-
able for isokinetic exercise.

Measurement of isokinetic peak torque
during knee flexion and extension

The peak torque of the arthritic knee was measured
using a method modified from Snow and Blacklin
[24] under the following conditions: knee extension
with concentric quadriceps contraction (Ex/Con); knee
flexion with eccentric quadriceps contraction (Ex/Ecc);
knee flexion with concentric biceps femoris contrac-
tion (Flex/Con); knee flexion with eccentric biceps
femoris contraction (Flex/Ecc). The subject was seated,
leaning against a backrest inclined at 16° from the
vertical and with the seat inclined 6° from the hori-
zontal. The axis of the knee was aligned with the axis
of the dynamometer exercise arm. The accuracy of
alignment was checked by allowing the subject to
extend the leg while pushing against the shin pad,
which was positioned over the lower third of the leg.
If the pad did not move up or down the leg over the
ROM to be tested, the knee was considered to be
aligned with the axis of the exercise arm. Gravity-
compensated torque values were corrected with the
exercise arm positioned 15° from the horizontal.

The Kin-Com’s exercise arm was used to set the
test ROM. The angle at which knee flexor muscle
shortening began (start angle) was set at 20° from the
horizontal and the angle at which muscle lengthen-
ing began (return angle) was set at 85° from the hori-
zontal. To calculate the torque, the distance between
the point of application of the generated force and
the axis of rotation of the exercise arm was measured
using the scale on the arm itself, and keyed into the
computer. Each subject used the same radius for all
tests. Exercise-arm velocity was set to either 60°/sec-
ond or 180°/second for the isokinetic peak torque
measurements.

Knee stretching exercises

The quadriceps and biceps femoris are the key mus-
cles that require strengthening to improve the stabil-
ity of OA knees. The stretching exercise therefore
focused on the quadriceps and biceps femoris.

Static stretch
Active-assistive stretching of bilateral knees was per-
formed after 15 minutes of hot-packing the arthritic

Kaohsiung J Med Sci June 2009 ¢ Vol 25 « No 6



knee in the supine position, and holding the posi-
tions of knee flexion and extension at the end points
of the ROM for 30 seconds [25]. This was repeated 10
times (10 minutes) for each treatment. The static stretch-
ing programs were performed by the same physical
therapist.

PNF stretch

The PNF stretching techniques included hold-relax
(HR), contract-relax (CR), contract-relax agonist con-
tract (CRAC) and hold-relax agonist contract (HRAC)
for 15 seconds for each stretching step. The program
was repeated 10 times (10 minutes) for each treatment.
HR: the patient was kept in a prone position with the
lower leg outside the table held at full extension of the
knee against the practitioner’s resistance; CR: same
as HR, except that the practitioner held against the
patient’s resistance; HRAC: same as HR, but with ac-
tive contraction of the quadriceps muscles to achieve
greater ROM; CRAC: contraction of biceps femoris,
followed by contraction of quadriceps to achieve
greater ROM [26]. The PNF stretching programs were
also performed by the same physical therapist.

Isokinetic exercise

After measuring blood pressure, heart rate and the
ROM of the arthritic knee, the patient underwent a
5-minute warm-up exercise on a stationary bike, with-
out resistance. Hot packs were then applied to the
knee joint before stretching the quadriceps and ham-
strings muscles. The isokinetic muscle strengthening
exercise program was performed for the left and right
knees, three times a week for 8 weeks (24 sessions), as
described in our previous study [8]. The initial amount
of isokinetic exercise was selected as 60% of the aver-
age torque, and an increasing dose program was used
in the initial first to fifth sessions (1-5 sets), and six sets
from the sixth to 24" sessions. Each set consisted of
five repetitions of concentric and eccentric (Con/Ecc)
contractions at angular velocities of 30°/second and
120°/second for extensors, and five repetitions of
eccentric and concentric (Ecc/Con) contractions at an-
gular velocities of 30°/second and 120°/second for flex-
ors. The start and stop angles for extension exercise
were 40° and 70°, and the start and stop angles for flex-
ion exercise were 70° and 40°. Patients were allowed
5 seconds of rest between sets, 10 seconds of rest be-
tween different modes of training, and 10 minutes of
rest between right and left knee training.

Kaohsiung J Med Sci June 2009 ¢ Vol 25 « No 6

Stretching on knee osteoarthritis exercise

Rate of attrition

The rate of attrition was determined by the number
of participants who dropped out of the treatment
course. The major reasons for dropping out were also
analyzed.

Statistical analysis

Weighted kappa statistics were used to test intra-
observation agreement between repeated measure-
ments of ROM, LI and MPT. Paired t tests were used
to study the changes in ROM, VAS, LI values and MPT
in each group after treatment and at 1-year follow-
up. One way analysis of variance with Tukey’s test
was used to compare the differences in ROM, VAS, LI,
and MPT among the three treated groups. Dunnett’s
test was used to compare the differences between the
treated groups and the control group at zero time,
after treatment, and 1 year later. A statistically signifi-
cant difference was defined as p <0.05.

RESULTS

Subjects

The 132 patients ranged in age from 46 to 78 years
(mean, 64.0£7.5 years), with a female:male ratio of
106:26. The duration of knee pain ranged from 4
months to 9.5 years (mean, 42.5+17.6 months). There
were no significant differences in initial knee pain,
ROM, LI or MPT among all groups. Eight subjects
withdrew from the therapeutic exercises (2 subjects
in Group I, 4 in Group II, 2 in Group III). Contact
with 13 subjects was lost during the follow-up period
(8 subjects in Group I, 2 in Group 1I, 1 in Group III,
and 7 in the control group).

Intra-observation repeatability

The first 45 patients received repeated measurements
of ROM, LI and MPT by the same physiatrist. Intra-
observation repeatability revealed good agreement
for ROM, LI and MPT (k=0.85, 0.86, 0.90, respectively).

Changes in ROM

The changes in average ROM of the arthritic knees
for each group are shown in Table 2. The ROM scores
increased gradually in all treated groups. However,
significant changes found after treatment and at follow-
up were only found in Groups II and III, which had
received the stretching exercises.
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Table 2. Range of motion, visual analog score and Lequesne’s index (mean+standard deviation) for knees in each
group before and after treatment

1

IV (Control)

3.1+0.8 (n=58)*
2.9+1.4 (n=54)*"

1 11
ROM
Before 97+14 (n=66) 97+12 (n=66)
After 102+17 (n=62) 107 £16 (n="58)*
Follow-up 103+15 (n1=>56) 110+ 14 (n=54)*"
VAS
Before 4.7+1.6 (n=606) 4.7+1.2 (n=66)
After 3.6+0.7 (n=62)*"
Follow-up 3.6+1.6 (n=56)*"
LI
Before 7.3+2.5 (n1=33) 7.1+1.5 (n=33)
After 5.6+0.9 (n=31)*" 5.0+1.0 (n=29)*"
Follow-up 6.3+1.7 (n=28)* 4.0+1.3 (n=27)*

98+16 (1=66)
115+17 (n=62)**
126 +17 (n=60)*"

49+1.4 (n=66)
2.7+1.9 (n=62)*
2.0+1.4 (n=60)*"

72415 (n=33)
42+0.5 (n=31)*"
2.9+1.7 (n=30)*"

97+15 (n=66)
95+11 (1n=66)
100+17 (n=52)

45+1.5 (1=66)
44+1.4 (n=66)
5.0+1.4 (n=52)*

7.1+1.8 (1=33)
6.9+1.3 (n=33)
7.3+1.7 (1=26)

*Paired t tests were used to study the changes in ROM, VAS, LI values and mean peak torques for each group after treatment and at
1-year follow-up; +one—way analysis of variance with Tukey’s test was used to compare the differences in ROM, VAS, LI, and mean
peak torques among the three treated groups; fDunnett’s test was used to compare the differences between treated groups and the
control group at zero time, after treatment, and 1 year later. A statistically significant difference was defined as p <0.05. ROM = range

of motion; VAS = visual analog score; LI = Lequesne’s index; n=number of knees in each group at various time periods.

Changes in knee pain

The changes in average scores of knee pain for each
subgroup are shown in Table 2. Pain scores in Groups
I-1V were initially similar. However, pain scores de-
creased significantly in all treated groups after treat-
ment, and decreased further in Groups II and III at
follow-up, while the score increased in the control
group. Patients in Group III showed the greatest
degree of pain reduction, both after treatment and at
follow-up.

Changes in LI

There were no significant differences in initial LI
among the treated and control groups. The changes
in mean LI values for each patient group are shown
in Table 2. The average LI scores decreased signifi-
cantly in all treated groups after treatment and at the
1-year follow-up. Patients in Group I had the small-
est reduction in LI scores after treatment, while
patients in Group III had the greatest reduction in
disability after treatment and at follow-up.

Changes in muscle power

The changes in mean MPT at knee flexion and exten-
sion during concentric and eccentric contraction in
all patient groups are shown in Table 3 (60°/second)
and Table 4 (180°/second). The average MPT at 60°/
second in Ex/Con, Ex/Ecc, Flex/Ecc, and Flex/Con
increased significantly in Groups II and III, both after
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treatment and at follow-up. Patients in Group I showed
the least improvement in MPT after treatment, but
the MPT in Group I was significantly improved at
follow-up, compared with the control group. This
demonstrated that short-term training strategies,
including stretching and isokinetic muscle strength-
ening exercises, were more effective than isokinetic
exercise alone. Table 4 shows that patients in Group
III had the greatest improvement in MPT at 180°/
second in all contraction modes (Ex/Con, Ex/Ecc,
Flex/Con, and Flex/Ecc) after treatment and at
follow-up.

Rate of attrition

The rates of attrition were 6.06% (2/33), 12.1% (4/33),
6.06% (2/33) and 0% (0/33) in Groups I, II, Ill and IV,
respectively. The percentage of patients who withdrew
from the treatment because of intolerable, isokinetic
exercise-induced knee pain or leg muscle weakness
was 37.5% (3/8), while 62.5% (5/8; 3 in static stretch-
ing group, 2 in PNF stretching group) withdrew due
to stretching therapy-related pain.

DISCUSSION

Older adults with OA, particularly knee OA, tend to
have decreased strength and proprioception, decreased
flexibility, increased body sway and impaired balance,

Kaohsiung J Med Sci June 2009 ¢ Vol 25 « No 6



Stretching on knee osteoarthritis exercise

Table 3. Mean peak torque at knee flexion and extension during concentric and eccentric contractions at 60°/second in
each group before and after treatment

1

IV (Control)

I II
Ex/Con
Before 46.3+6.6 (n1=66) 47.9+8.0 (1=62)
After 51.1£7.6 (n=62)* 58.1£6.9 (n=>58)*"
Follow-up 54.3+3.4 (n=56)*" 64.3+2.5 (n=54)*"
Ex/Ecc
Before 94.1+8.4 (n=66) 88.7+6.9 (n=66)
After 96.4+6.3 (n=62)"* 102.3+5.9 (n=58)*"
Follow-up 97.5+7.2 (n=56)" 123.1£6.3 (n="54)*"
Flex/Con
Before 55.7+5.9 (1=66) 55.1+7.1 (n=66)
After 57.1+6.4 (n=62) 63.6+6.1 (n1=58)*"
Follow-up 56.4+7.4 (n="56) 66.0%6.9 (n="54)*"
Flex/Ecc
Before 67.116.6 (n=66) 69.0+7.3 (n=66)
After 747459 (n=62)*"* 79.8+7.1 (n=58)*
Follow-up 75.9+6.9 (n=56)*"* 83.0+7.8 (n=54)*"

46.9+6.2 (1=66)
59.2+9.2 (n=62)*"
67.6+6.1 (n=60)*"

86.7+5.8 (11=66)
115.5+6.6 (n=62)*
127.5+6.8 (11 =60)*"

53.6+7.7 (n=66)
63.616.7 (n=62)*"
70.0+7.2 (n=64)*

66.7£8.0 (1=66)
79.2+6.7 (n=62)*"
84.4+8.5 (n=60)*"

48.1+7.1 (n=66)
47.7 +8.4 (n=66)
443+5.8 (1=52)

87.5+7.1 (n=66)
87.9+6.7 (n=66)
83.3+7.3 (n=52)

55.546.3 (1n1=66)
51.6+7.3 (n=66)
47.1+7.8 (n=52)*

69.8+7.2 (n1=66)
67.9+8.4 (n1=66)
59.8+6.7 (1=52)*

*Significant difference in peak torque in each group after treatment or at follow-up (p <0.05); fsignificant difference in peak torque in
each group compared with control at various time periods (p<0.05); ¥significant difference compared with other treated groups
(p<0.05). Ex/Con = knee extension with concentric quadriceps contraction; Ex/Ecc = knee flexion with eccentric quadriceps contrac-
tion; Flex/Con = knee flexion with concentric biceps femoris contraction; Flex/Ecc = knee flexion with eccentric biceps femoris
contraction; n = number of knees in each group at various time periods.

Table 4. Mean peak torque at knee flexion and extension during concentric and eccentric contraction at 180°/second in
each group before and after treatment

III

IV (Control)

I II
Ex/Con
Before 35.9+10.3 (n=66) 35.3+9.7 (n1=66)
After 40.2+9.8 (n=62)* 44.0+10.4 (n=>58)*
Follow-up 42.1+11.2 (n=56)*" 46.4+12.0 (n=54)*"
Ex/Ecc
Before 93.2+8.5 (1=66) 95.9+11.1 (1=66)
After 114.7+10.8 (n=62)** 120.3+9.8 (n=58)*
Follow-up 119.1+£12.2 (n=56)*" 126.1+13.0 (n="54)*"
Flex/Con
Before 36.8+8.7 (n=66) 37.1£9.8 (n=66)
After 45.8+9.0 (n=62)* 492+11.4 (n=58)*
Follow-up 475+11.4 (n=56)*" 54.7+12.6 (n=54)*"
Flex/Ecc
Before 63.5+12.1 (n=66) 63.0+13.1 (n=66)
After 68.3+13.2 (n=62)*" 71.9+12.7 (n=58)*"
Follow-up 71.2+11.6 (n=56)*" 76.7+10.9 (n=54)*

36.1+8.8 (1=66)
50.1+10.4 (n=62)*"
55.5+11.4 (n=60)*"

97.4+9.7 (n=66)

129.9+13.3 (n=62)**
139.7£15.1 (n=60)**

37.8+9.3 (n=66)
54.7+10.5 (n=62)*'
60.7+12.4 (n=60)*"

61.9+11.6 (n1=66)
77.1+13.4 (n=62)*
83.2+11.0 (n=60)*"

36.5+9.5 (1= 66)
36.0+8.9 (1=66)
34.7+10.2 (n1=52)

97.7+10.5 (n=66)
95.3+12.1 (n=66)
118.4+11.9 (n=52)*

36.4+9.7 (1=66)
35.7+10.8 (1n1=66)
32.5+11.6 (n=52)*

64.1+£12.5 (n=66)
60.3+11.9 (1n=66)
56.7+10.4 (n=52)*

*Significant difference in peak torque in each group after treatment or at follow-up (p<0.05); *significant difference in peak torque
in each group compared with control at various time periods (p <0.05); fsignificant difference compared with other treated groups
(p<0.05). Ex/Con = knee extension with concentric quadriceps contraction; Ex/Ecc = knee flexion with eccentric quadriceps contraction;
Flex/Con = knee flexion with concentric biceps femoris contraction; Flex/Ecc = knee flexion with eccentric biceps femoris contrac-
tion; 7 = number of knees in each group at various time periods.

and resulting disability. Therapeutic exercise can help
to prevent accelerated degeneration due to disuse, and
so avoid further degeneration and pain as a conse-
quence of joint deformity or incongruence. Several
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recent longitudinal studies have concluded that care-
fully controlled exercise programs, designed prima-
rily to address OA of the knee, are indeed beneficial
[12,13]. Reported benefits include increased joint

311



M.C. Weng, C.L. Lee, C.H. Chen, et al

mobility, increased strength, and enhanced perfor-
mance in sports activities. Our previous study [8]
showed that isokinetic muscle-strengthening exercises
were more effective than isometric or isotonic exer-
cises for improving disability, muscular strength and
ambulation ability. However, patient compliance is an
issue, and studies with higher patient compliance
produced better results. Patient compliance depends
on many elements, including consistent education, en-
couragement, and follow-up. Injury and complications
as a direct consequence of inappropriate exercise [14],
such as knee pain during exercise, weakness of leg
muscles, and limited ROM, are the major reasons for
poor compliance.

Various degrees of knee flexion are needed for
mobility, for example, at least 70° for walking on level
surfaces, 83° for climbing stairs, 93° for getting up
from a chair, and 120° for squatting. Steultjens et al
[27] established the relationships between ROM and
disability and found that restricted joint mobility,
especially in flexion of the knee, was an important
determinant of disability in patients with knee OA.
This suggested that a comprehensive exercise pro-
gram should include stretching exercises to increase
ROM, as well as muscle strengthening and aerobic
exercises. The subjects in the present study had initial
ROM of bilateral knees of <100°, and their disability
indices were >7.0. ROM and LI indices were improved
more in Groups II and III after stretching therapy and
isokinetic exercise (Tables 2 and 4), suggesting that
stretching therapy helped to improve ROM and
patient disability.

The primary factors limiting joint movement at
the ends of the range are the muscle and its fascial
sheath, the capsule, and the tendon, in that order. When
the role of the muscle is considered as a factor limit-
ing ROM, the contribution of the peripheral receptors
must also be taken into account. The muscle spindle
and the Golgi tendon organ play an important role in
the muscle’s ability to lengthen adequately in response
to imposed tension. The Golgi tendon organ is sensitive
to tension changes within the muscle as it stretches or
contracts. The resulting reflex is inhibitory and acts
to inhibit its own muscle and excite the antagonist
muscle. These principles form the rationale for PNF
stretching techniques, which use volitional contrac-
tions to increase ROM by minimizing the resistance
to stretch by the active components attributed to the
spinal reflex pathway [28]. Static stretching differs
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from PNF stretching in that its primary goal is to
address the viscoelastic components, especially the
connective tissue, that may be responsible for limiting
the ROM [29]. The passive components of flexibility
must be dealt with differently from the active compo-
nents, which exhibit time- and rate-dependent changes.
Many investigators have concluded that passive com-
ponents must be targeted to achieve a permanent
lengthening of the musculotendinous structures [30].
Both PNF and static stretching were associated with
greater improvements in ROM in Groups II and III,
compared with Group I and the control group.

Four subjects withdrew from Group II and two
from Group III due to knee discomfort induced by
isokinetic muscle strengthening exercises. However,
the weight-bearing VAS pain scores were reduced
more in Groups Il and III after treatment and at follow-
up (Table 3). These results indicate that stretching
therapy, combined with isokinetic muscle strength-
ening exercises, can be beneficial for long-term knee
pain reduction. However, the discomfort induced by
isokinetic muscle strengthening exercises is compati-
ble with the results of a report showing that eccentric
activities could induce micro-injuries, resulting in
delayed-onset muscle soreness [31].

Cramer et al [32] stated that MPT, at both 60°
and 240°/second, decreased immediately after static
stretching. However, our present results showed that
the MPT in each treated group was improved after
treatment and at follow-up, and the improvements in
MPT (at 60°/second) were greatest in Groups Il and III,
though there was no significant difference between
these two groups. This demonstrated that both static
and PNF stretching increased the efficacy of isoki-
netic strengthening exercises, and that stretching ther-
apy caused muscle relaxation, possibly due to central
nervous system inhibition [30], resulting in pain
reduction following isokinetic exercises. Furthermore,
the improvement in MPT (at 180°/second) in Group
III was greater than in Group II, suggesting that the im-
provement in MPT at 180°/second is closely correlated
with improvements in disability. PNF stretching was
shown to be more effective for improving flexibility,
and its mechanism could explain the greater improve-
ment in functional status in Group III compared with
Group II. Although some of the mechanisms under-
lying static stretching are the same as those for PNF
stretching, there is a greater emphasis on the role of
connective tissue in joint stiffness.
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In conclusion, stretching therapy is recommended

as an adjuvant treatment to isokinetic exercise for
patients with knee OA. PNF stretching is more effec-
tive than static stretching exercise.
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