Effect of Ultrasound on Mobility in
Osteoarthritis of the Knee

A Randomized Clinical Trial
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Ultrasound increases soft tissue extensibi lityand may
be an effective adjunct in the treatment of knee con-
tractures secondary to connectivetissue shortening. A
randomized clinical trial was conducted to determine
the effectiveness of ultrasound in relieving stiffness and
pain in patients (age X = 67.5 yeurs, SD = 13.0) who
had osteoarthritis (OA) and a chronic knee contrac-
ture. Subjects received 12 treatments of exercise pre-
ceded by either ultrasound (n = 34) or sham ultra-
sound (n = 35) and a blinded evaluation at baseline,
after treatment, and 2 months aftér treatment. MAN-
COVA controlling for baseline scoreg showed that there
were no significant differences in knee active range of
motion (ROM) (goniometry) or pain (visual analogue
scale) between experimental and control groups. Pos-
sible explanations for the no difference finding in-
volve dosage issues, muscle shortening, transiency of
effects, and t}w effects of exercise. Paired t-tests re-
vealed that both groups éigniﬁcantly improved (p <
0.05)in activeROM, pain, and gait velocity, and main-
tained improvement for at least 2 months. Although
ultrasound may not contribute to the management of
patients with chronic knee stiffness and OA, benefits
of the exercise program and increased activity sec-
ondary to program participation probably influenced
the overall improvement.

Osteoarthritis (OA) of the knee commonly causes
limitation in knee mobility. Limited knee mobility

Judith Falconer, PhD, OTR, is Assistant Professor of Physical
Therapy and Medicine (Arthritis Section); Karen W. Hayes, PhD,
PT, is Assistant Professor of Physical Therapy; and Rowland W.
Chang, MD, MPH, is Assistant Professor of Clinical Medicine (Ar-
thritis Section) and Clinical Rehabilitation Medicine, Northwest-
ern University Medical School, Chicago, Illinois.

0893-7524/92/$5.00

alters joint alignment and strength, which may im-
pair stability and gait. A knee limited by as little as
10° of motion may affect the biomechanics of joints
both proximal and distal to the knee, which can in-
crease the risk of additional dysfunction and pain.
Patients with limited knee mobility must compensate
with significantly increased energy expenditures in
standing and walking [1] and therefore have lowered
tolerance for these activities.

Limited knee mobility secondary to connective tis-
sue shortening may respond to conservative therapy.
Conservative therapies include a variety of stretching
and strengthening exercises, heat, cold, traction, and
splinting. Deep-heat modalities are frequently cou-
pled with manual stretching procedures to enhance
the effectiveness of exercise to lengthen soft tissues.

One means of producing deep heat, ultrasound,
has been used for many years to enhance connective
tissue extensibility based on evidence from animal
research studies. Animal studies demonstrated that
heat increased connective-tissue extensibility [2, 3].
Ultrasound produced heat deep enough to elevate
temperature in swine joint structures 5°-8°C [4] and
was selectively absorbed by tissues with high protein
content such as bone and connective tissues [5]. Since
ultrasound heats periarticular structures effectively
[4, 6], it may be an effective adjunct in the treatment
of joint contractures [7].

Clinical studies of the use of ultrasound to increase
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joint mobility in humans with osteoarthritis are in-
conclusive [8]. Ultrasound has been reported to be
effective in increasing joint range of motion (ROM)
in uncontrolled [9—-11] or unblinded [12] conditions,
and ineffective under controlled conditions when not
combined with exercise [13]. This article is a report
of a randomized, double-blind, sham-controlled,
clinical trial that was conducted to test the hypoth-
esis that ultrasound therapy with exercise is more
effective than exercise without ultrasound in the
treatment of chronic knee hypomobility in OA.

METHODS

Subjects

Study subjects were evaluated for eligibility and re-

ferred by physicians from the rheumatology, or-

thopedic surgery, geriatric medicine, and rehabili-
tation medicine practices of Northwestern University

Medical School faculty. Criteria for inclusion in the

study were ;

1. A physician diagnosis of OA of the knee that re-
quired the presence of knee pain, crepitus, and
bony enlargement. Radiograph documentation of
joint space narrowing and osteophyte formation
was available for the majority of patients, but this
was not a requirement for entry. Altman et al. [14]
found that the clinical criteria used in this study
were 899% sensitive and 88% specific for diagnosis
of knee OA in this age population.

2. Limitation of at least 10° of passive motion in
flexion or extension as measured by standard gon-
iometry [15].

3. Ligamentous or capsular tightness as evidenced
by a capsular endfeel [16].

4. Intact knee sensation to pinprick and temperature.

5. Chronic knee motion limitation defined by patient
report as present for at least 6 months.

6. Physician referral to physical therapy and patient
signature of informed consent.

Patients were excluded for conditions that are con-
traindications to the safe use of deep heat, including
primary tumors or suspected metastasis to the lower
extremity, severe arterial disease, hemorrhagic con-
dition, and joint infection, or if they had ROM lim-
itations due to bony involvement. Bony involvement
was determined by a bony endfeel (bony joint “feel”
in response to passive pressure at the end of range)
as described by Cyriax [16].

Subjects who had total knee replacements with
connective tissue tightness were eligible to partici-
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pate in the study if they were at least 6 months post-
surgery. Ultrasound is safe with metal implants be-
cause metal is thermally conductive and readily
disperses the heat [3, 17, 18]). The cement used in
total knee replacements absorbs no more heat than
the surrounding bone [19, 20], and the ultrasound
dosage used is too low to loosen the bond [21]. In
patients with total knee replacements, however, ad-
ditional variables such as the design of the prosthetic
component, placement of the prosthetic component
on the ends of the femur and tibia, relationship of
the placement to the normal axis of motion in the
joint, as well as ligament lengths may affect maxi-
mum range of motion. For these reasons, patients
with total knee replacements werp analyzed sepa-
rately. P

Equipment 3
Ultrasound was delivered by a Chattanooga Intellect
200 ultrasound unit that was calibrated by a medical
equipment specialist. The unit operates at 1.00 MHz
and has a 10-cm? soundhead. The effective radiating
surface is 8.5 cm? * 1.5 cm? The output meter read-
ing accuracy is *+20% [22]. ROM was measured with
a large, clear, plastic, 360° goniometer.

2

Assignment to Treatment

Patients were randomly assigned to either ultrasound
treatment (experimental group) or a sham-ultrasound
treatment (control group). Subjects who had bilateral
knee OA received the assigned treatment to both knees.
The knee studied was the knee with the least passive
ROM or, if both knees were similar in. passive ROM,
the knee with the worst pain. Patients and evaluators
were blinded to the assigned treatment.

Treatment Protocols

Subjects were treated by physical theraplsts at a pri-
vate physical therapy practice staffed by faculty of
Programs in Physical Therapy, Northwestern Uni-
versity Medical School.

Experimental Protocol The lower extremity was
positioned in maximal extension or maximal flexion
depending upon the end range that presented the
most functional loss to the patient. Patients were given
ultrasound to the knee (avoiding patella) using an
aqueous gel as a coupling medium. Four areas (an-
terior, posterior, medial, and lateral) of ~100 cm?
were sonated for 3 min each. Intensity of ultrasound
was progressed from 0.0 W/cm? by increments of 0.1
W/cm? to a maximum tolerable dosage not exceeding
2.5 W/cm? for safety. Maximum tolerable dosage was
defined as the dosage at which the patient reported
a subjective sensation of warmth without pain. To
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maintain patient blinding, the physical therapist gave
scripted instructions to all patients which stated that
they may not feel warmth. Subjects were not asked
directly whether they felt warmth; they were asked
whether they felt any sensation such as rubbing, tin-
gling, warmth, or discomfort.

Ultrasound treatment was followed by a 30-min
exercise protocol for stretching. The exercise proto-
col included 5-15 min of passive stretch during the
cooling period, tibiofemoral anterior—posterior and
posterior—anterior grade-3 or grade-4 glides [23], and
active ROM and isometric strengthening exercises.
Quad sets, straight leg raises, knee to chest, bridging,
and knee flexion—extension through full ROM exer-
cises were done. Each exercise was repeated ten times.
Each repetition was held for 5 s with a 5-s rest be-
tween repetitions. Patients received 12 treatments
(2-3 times per week over 4-6 weeks), and were in-
structed in joint protection techniques and a daily
home exercise program. The home exercise program
was identical to the clinical exercise program, but
excluding the glides.

Control Protocol The control group protocol was
identical except that the ultrasound was a sham pro-
cedure. The ultrasound unit was turned on by the
therapist treating the patient and appeared to func-
tion fully. The dials were lit and the patient could
hear an audible beep at each sham increase in the
dosage. Since the start button was not pushed, how-
ever, no energy was delivered to the tissues.

Evaluation Protocol

Patients were assessed at baseline, after treatment,
and 2 months after treatment. Each evaluation re-
quired ~1 h and consisted of an interview and a
functional evaluation performed by an experienced
physical therapist. The interview contained ques-
tions regarding demographic characteristics, func-
tional problems, and medical and prior knee treat-
ment histories.

The functional evaluation consisted of measures
of ROM, pain, and gait velocity. Active and passive
ROM were measured by goniometry of the knee (flex-
ion and extension) using the same evaluator at each
assessment and a standardized protocol [15]. The
goniometry testing positions (two joint muscles
shortened over the hip) reduced the effect of muscle
tightness as a primary cause of limited range. Gon-
iometric measurement is the most common clinical
method to quantify joint ROM and has established
reliability and validity [24-27]. Knee pain was self-
reported on a 10-cm horizontal visual analogue scale
[28]. High reliability and validity have been previ-
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ously reported [29, 30]. Gait velocity was obtained
by recording the time a subject took to walk “as fast
as possible” for 50 feet and converting the time to
meters per minute (velocity).

The physical therapist recorded the maximum dose
of ultrasound, patient comments, and any adverse
reactions after each treatment. Patients completed at
home and returned to the clinic a weekly home ex-
ercise program written report. The reports were used
to facilitate and determine compliance with the home
program.

Analysis

Multivariate analyses of covariance (MANCOVA)
controlling for baseline differences in active ROM
and pain were used to test the effect of ultrasound
on posttreatment and follow-up values of the two
main outcome variables, active ROM and pain. Since
correlations between active and passive joint excur-
sions were extremely high at baseline (0.97) and after
treatment (0.98), only active ROM was used in the
analysis. Chi-squared tests or t-tests were used to
determine comparability of groups at baseline on de-
mographic and descriptive variables. Paired t-tests
were done to test for pooled group differences from
baseline to posttreatment, and baseline to follow-up
evaluations.

RESULTS

A total of 74 subjects met the study inclusion and
exclusion criteria and were randomized to the ex-
perimental group (n = 37) and control group (n =
37); 69 subjects completed the experimental protocol
(n = 34) or control protocol (n = 35). Five patients
did not complete the study protocol (experimental
group n = 3; control group n = 2) due to dissatis-
faction with progress (n = 2, experimental group),
illness (n = 2), or transportation problems (n = 1,
control group). Eight patients had total knee replace-
ments (experimental group n = 6; control group n
= 2). No major complications were reported.
Characteristics of the experimental group and con-
trol group at baseline are shown in Table 1. The sam-
ple was predominantly older women who had mod-
erate disease and were moderately limited in function.
Mean age of the sample was 67.5 years (SD = 13.0)
and mean length of knee stiffness was 83.4 months
(SD = 122.1); 72% were women. Of the patients, 74%
reported difficulty walking; 39% cited pain and 51%
cited stiffness as a reason for difficulty walking. Eighty-
seven percent reported difficulty stair climbing; 27%
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TABLE 1

Descriptive Characteristics of Experimental and Control
Groups at Baseline

Experimental Control

group group
¥ (SD) x (SD)
Age (years) 69.4 (13.1) 657 (12.8) NS

Chronicity (months) 77.2 (117.28) 89.6 (128.3) NS

% (n) % (n)

Female 76 (26) 69 (24) NS

Noncaucasian 38 (13) 43 (15) NS

Education <12 years 38 (13) 26 (9) NS

Bilateral knee 74 (25) 74 (26) NS
osteoarthritis

Difficulty walking 76 (26) 74 (26) NS

Difficulty stair climbing 88 (30) 86 (30) NS

NS, not significant.

cited pain and 65% cited stiffness as a reason for
difficulty stair climbing.

Ultrasound was not effective in improving active
ROM or pain. No significant differences were found
between experimental and control groups in active
ROM and pain at posttreatment or follow-up evalu-
ations. Means and standard errors at baseline, post-
treatment, and follow-up evaluations of active ROM

and pain are illustrated in Figures 1 and 2. The sam-

ple size provides adequate power (0.80) at a 0.05 for
a one-tail test to detect a 5.3° difference in posttreat-
ment ROM controlling for baseline differences. A ROM
difference <5.3° would not be clinically meaningful.
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Patients with total knee replacements were stiffer
(x = 69.9 degrees, SD = 30.1) and has less pain (X
= 4.1, SD = 3.7) at baseline and made slightly lower
gains in active ROM (x = 3.8°, SD = 9.2) and pain
(X = 1.7 cm, SD = 3.1) than subjects who did not
have total knee replacements. Results did not differ
when these patients were excluded, probably due to
the small number (n = 8) of total knee replacement
patients in the sample.

Although the experimental group subjects were not
significantly different from control group subjects at
posttreatment, when the data from both groups were
combined, subjects were significantly (p < 0.05) im-
proved from baseline to posttreatment and baseline
to follow-up in active ROM, pain, 9nd gait velocity,
as shown in Table 2. : : :

;
]

DISCUSSION

7

g
Ultrasound as delivered in this study did not en-
hance mobility in the knee. We found no differences
between subjects freated with ultrasound and sub-
jects treated with a sham-ultrasound procedure. Dos-
age, muscle shortening, transient effects, and exer-
cise effects may explain differences between our results
in humans and the evidence from animal studies.
Ultrasound ddsage guidelines in humans are not
well established. Extensibility requires that tissues
be heated to the therapeutic range of 40°-45°C [6,
31]. Since a subcutaneous thermistor ‘probe is the
only objective measure of the deep tissue tempera-
ture, we do not know the deep tissues temperatures
achieved. However, we did deliver a dose of ultra-

110

——a— Ultrasound
——+— Control

% T T

Baseline Posttreatment

Follow-up

Figure 1 Means and standard errors for range of motion of experimental (ultrasound) and control groups at baseline,

posttreatment, and follow-up evaluations.
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Figure 2 Means and standard errors for pain of experimental (ultrasound) and control groups at baseline, posttreatmant

and follow-up evaluations.

TABLE 2

Means (Standard Deviations) for Baseline and
Postireatment Evaluations (n = 69) and Follow-up
Evaluations (n = 56) for Combined Groups

Baseline Posttreatment Follow-up
Variable x (SD) x (SD) x (SD)
Active range 94.7 (24.6) 103.1 (24.5)** 100.0 (26.2)**
of motion
)
Pain (cm) 53 '31) 3.3 (28" 3.9 (3ay
Gait velocity 66.0 (22.7) 74.2 (28.1)** 749 (24.4)**
(m/min)

*p < 0.05 (from baseline).
**p < 0.01 from baseline).

sound exceeding the level at which therapeutic ef-
fects were expected. In previous animal studies, ul-
trasound dosages needed to reach therapeutic
temperatures have exceeded 1.5 W/cm? [2, 6]. The
mean ultrasound dose that we provided was within
therapeutic range at 1.7 W/cm?, SD 0.3 (range, 1.1—
2.2 W/cm?). Only seven of our subjects received dos-
ages of <1.5 W/cm?. Of these seven, four improved,
two were not changed, and one was worse in ROM
after treatment.

The dose that we delivered was also the maximum
dose tolerable to the patient. If the subject reported
any pain, the therapist held the intensity below the
pain-producing level, even if no heat were perceived.
Because the knee has a large amount of bone lying
just below the skin with little soft tissue coverage,
periosteal pain could have resulted from the ultra-

sound treatment at intensities insufficient to produce
adequate heat. Higher intensities of ultrasound would
be intolerable in humans, but a longer dose may be
effective in achieving tissue extensibility.

We focused the ultrasound therapy on joint con-
nective tissue structures because joint structures are
the primary problem in osteoarthritis. If muscle
shortening were involved, heating the muscle may
have been more effective than heating the joint struc-
tures. However, ultrasound is not a good method for
heating muscle. Muscle does not absorb ultrasound
well because of its homogeneity and high water and
low collagen content [5]. Muscle heating also in-
volves treating a larger area than ultrasound can heat
effectively.

Neither heat alone nor stretching alone effectively
elongates connective tissues in rat-tail tendon [31].
Low-load, prolonged stretch during the heating pe-
riod produces more extensibility than stretch applied
after heating [32], and stretch maintained during the
cooling period maximizes the retention of extensi-
bility [31]. The experimental protocol was therefore
designed to provide a low-load, prolonged stretch
during the heating and cooling periods. Subjects were
positioned at the end of available range (low load)
during ultrasound treatment for 12 min and held in
the stretched position as tolerated for 5-15 min of
cooling. We do not know whether ultrasound and
stretch had a transient effect on the joint structures,
because we measured treatment effects after the pa-
tient received ultrasound and exercise. However, a
transient effect would be clinically insignificant.

Ultrasound may have been effective, but unnec-
essary to achieve maximum ROM. Contractures in
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OA are caused by soft-tissue tightening and bony
obstructions. The active and passive exercises were
designed to stretch the soft tissues (ligamentous, cap-
sular, and muscular) and may be sufficient to release
the soft-tissue component of the restriction. Any
remaining restriction could be due to bony impinge-
ment that neither exercise nor ultrasound can im-
prove.

Our results suggest, however, that exercise or
participation in a structured activity program may
benefit this population. Subjects in both groups sig-
nificantly improved in the objective measures of ROM,
pain, and gait: 77% of patients increased active knee
ROM, 71% decreased knee pain, and 72% increased
gait velocity. The general pattern of improvement did
not appear to be affected by the patient’s age, severity
of pain, severity of ROM limitation, weight, the pres-
ence of bilateral knee disease, or a total knee replace-
ment.

Attention placebo effects may have influenced the

significant change from baseline to posttreatment.
Study subjects enjoyed participating in the study,
attended regularly, and complied with the home pro-
gram. The proportion of subjects reporting change in
walking and stair climbing from “problem” to “no
problem” was significant (p < 0.05), but unrelated
to improvements in ROM or pain. However, we have
little clinical expectation that a chronic contracture
would improve without an effective intervention, nor
would we expect an attention placebo effect to main-
tain improvements through the follow-up period.
Benefits of exercise and/or increased activity from
participation in a structured program may explain
the posttreatment improvements. Compliance with
the exercise program and increased activity second-
ary to program participation probably played a role
in the achievement of posttreatment values. Attend-
ance in therapy (X = 11.8, SD = 1.3) and compliance
with the home program (X = 88.1%, SD = 21.4) were
comparable and excellent in both groups.
Continued compliance with the home program af-
ter treatment, and increased activity in the commu-
nity secondary to perceived improvement in func-
tion, may explain the retention of change. The
conditions under which continued compliance and
activity would be expected were met in this study.
According to Sackett et al. [33], continued compli-
ance would be expected if the disease is significant,
a definite diagnosis is made, the treatment is per-
ceived as effective, and the patients are informed and
willing participants. Continued compliance over 2
months would also be expected because exercise be-
haviors were partially reinforced [34], feedback was
given on an intermittent schedule [35], and a follow-
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up evaluation within a period of 12 weeks was
scheduled [36]). We think that patients maintained
improvements through the follow-up evaluation be-
cause they continued to exercise and be more active,
but we can not predict how long retention will last.

The improvements in active ROM, pain, and gait
velocity may also have significantly improved safety,
balance, and endurance for standing and walking.
Gait velocities of ~74.6 m/min are needed to cross
an intersection safely [37]. Our subjects improved in
mean gait velocity from 66.2 m/min to near safe speeds
of 74.2 m/min. Flexion contractures of-15° or more
impair standing balance [38] and increase the energy
and strength requirements of standing and ambula-
tion [1]. Of our subjects, 78% imprgved in active knee
extension, and 49% of the subjects had terminal ex-
tensions of <11° of limitation after treatment. The
exercise program may have prompted a general in-
crease in activity, greater attention and awareness of
the knee and movement, and/or changes in activity
behaviors that contributed to the overall effective-
ness of both treatment protocols.

N f

CONCLUSIONS

13

Patients with connective tissue knee contracture pos-
sess good potential for nonsurgical improvements in
joint function. Although ultrasound may not con-
tribute to the management of patients, with chronic
knee stiffness and osteoarthritis, exercise or struc-
tured activity programs may be beneficial. Until pre-
ventive measures are found, we need to determine
the best methods of structuring, delivering, and rein-
forcing exercise programs.
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