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ABSTRACT

Petrofsky, JS, Laymon, MS, Alshammari, FS, and Lee, H. Useof
low level of continuous heat as an adjunct to physical
therapy improves knee pain recovery and the compliance
for home exercise in patients with chronic knee pain:
a randomized controlled trial. J Strength Cond Res 30(11):
3107-3115, 2016—This study examined if the use of low
level continuous heat (LLCH) wraps at home between phys-
ical therapy sessions at a clinic resulted in better therapy
outcomes in patients with chronic knee pain. Fifty individuals
with chronic nonspecific knee pain was randomly allocated
to 2 groups: the LLCH group and the placebo group. All
subjects underwent 1 hour of conventional physical therapy
twice per week for 2 weeks at the outpatient clinic and they
were asked to accomplish 1 hour of therapeutic exercise at
home each day between sessions. The LLCH group applied
LLCH knee wraps for 6 hours at home before home exercise
while placebo group took a placebo ibuprofen. (This was
done since placebo heat is impossible to use since subjects
would notice that the wraps were cold) Before, during, and
after intervention, pain intensity, active range of motion of the
knee (AROM), knee strength, and home exercise compliance
were measured. The LLCH group showed pain attenuation
after 2 weeks of therapy sessions (p = 0.05). AROM and
strength of the knee significantly improved over time com-
pared to the placebo group. Home exercise compliance was
significantly higher in the LLCH group than placebo group
(p = 0.05). These results indicated that the use of LLCH as
an adjunct to conventional physical therapy for chronic
knee pain significantly improved pain attenuation and
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recovery of strength and movement in patients with chronic
knee pain.

KEY WORDS range of motion, strength, thermo therapy, home
exercise

INTRODUCTION

fter lower back injuries, knee injuries are one of

the most common types of injuries in sports and

seen in physical therapy (49,50). Anterior and

posterior cruciate ligament tears are common
and many require surgery (1,2). However, lesser injuries such
as knee collateral ligament tears and meniscus tears are com-
mon (5). Injuries that involve strain and not total tears also
require attention of athletic trainers and physical therapists
(3). Therapy usually involves heat and stretching exercise to
increase range of motion (ROM), and isometric exercise to
improve strength in damaged tissue (3). Due to limitations
imposed by insurance carriers, there are only limited clinic
visits allowed and therapists usually prescribe a home pro-
gram with daily exercise between in-clinic therapy sessions
to continue the recovery process. If not completed at home,
recovery is slow.

The health care system in the United States has been
under increasing burden because of spiraling medical costs
and an increase in people who do not have health insurance
(11). Thus any kind of treatment that enhances recovery
after injury will reduce medical costs, and decrease the bur-
den on the health care system in the United States (9,11).

However, one problem encountered in physical therapy is
the limitation on the duration and treatment sessions. For
most injuries with a single diagnosis, only 3 weeks of
physical therapy is allowed, consisting of 45-60 minutes of
treatment 2-3 times per week. Therefore, part of the burden
on treatment is placed on the patients by having them
accomplish therapy at home, which consists of stretching
and home exercise programs to accomplish every day to
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increase ROM and build muscle strength. Many times, how-
ever, patients do not accomplish these regimes because of
severe pain so that home exercise compliance usually is very
poor (10,12,15,43,45).

Heat is a common modality used in physical therapy
(25-27,32-34,38,41). It is has been well demonstrated that
it reduces pain and increases healing by increasing blood
flow in tissue (20,44,51). Clinicalmuserof heatipacksiusually
involves only a 15-minute modality, whereas low-level
continuous heat (LLCH) wraps can be left on for
hours with little chance of a burn and deep heat penetra-
tion and a sustained increase in tissue blood flow
(14,20,23,28,31,32,40).

Although heat is often used in a clinical setting,
therapists send patients home to exercise without heat.
Furthermore, consumers buy continuous low-level heat
wraps on their own for self-care but rarely with pro-
fessional therapy. It would seem that if heat increases
healing and reduces pain, there would be better compli-
ance for home stretching and exercise if heat was used at
home. This, in turn, should increase healing and further
reduce pain to allow people to go back to normal
activities or work sooner, saving additional therapy and
its costs. Therefore, subjects with nonspecific knee pain
underwent 2 weeks of therapy with standard clinical
outcomes of pain, ROM and strength testing, as well as
compliance for their home exercise program. Here, half
of the subjects used continuous low-level heat wraps at
home before home exercise and stretching to test the

d at h

53 partici C! at

evaluation

hypothesis that using LLCH on the knee at home for 6
hours before home exercise and on days when clinic
treatments were not given would (a) decrease knee pain
and (b) allow for better compliance for home exercise
programs.

MEeTHODS

Experimental Approach to the Problem

Patients with chronic nonspecific knee pain were ran-
domly allocated to an LLCH group and a placebo group
to see if there is an effect of LLCH as an adjunct to
physical therapy for knee pain recovery and the compli-
ance for home exercise. Data was collected at the out-
patient clinic in Southern California between January 2014
and April 2015. All data were collected in the morning of
each investigational day. The participants and the inves-
tigators who measured all outcome measurement were

blinded.

Subjects

Fifty three patients with chronic nonspecific knee pain came
to the physical therapy clinic were enrolled in the study.
Subjects were included if (a) they had knee pain more than 3
months, (b) the pain was not caused by fractures or full tears,
and (c) they did not undergo knee surgery within the past
year. Patients with diagnosed diabetes and taking oral
analgesics including opioids and muscle relaxants were
excluded from the study.

Fifty-three patients with chronic nonspecific knee pain
came to the physical therapy
clinic in Southern California
for treatment (age range 26—
64 years). All subjects were
diagnosed by an orthopedic
surgeon. Three subjects who
did not meet inclusion criteria
were excluded from the study.

3 participants were excluded

Randomized allocation

Therefore, 50 patients with

- Did not meet an inclusion . . .
an st chronic knee pain who signed

criteria

the informed consent were
randomly divided into either
the LLCH group (7 = 25) or
the placebo group (z = 25)
using systematic random sam-
pling. Nondescript knee pain

had the following diagnostic
criteria: generalized knee pain
with no manual tests or imag-

4participants
withdrew due to
personal resons

ing indicating ligamentous,

n=50
2 participants The LLCH group The placebo group
withdrew dueto  [€—
personal reasons n=25 n=25
23 participants 21 participants
completed the study completed the study

tendon, meniscus, or muscle
tear, diagnosis of chondroma-
lacia, patellar tracking dysfunc-

Figure 1. The progression of participants through the study. LLCH = low-level continuous heat.
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TaBLe 1. General characteristic of subjects.*

LLCH group Placebo group

(n=23) (n=21) o

Age (y) 541 £11.0 545 *= 141 0.97

Height (cm) 169.5 = 11.9 171.7 £ 9.7 0.69

Weight (kg) 90.4 = 20.7 97.5 = 20.1 0.67

Duration of 15+14 1.7 £ 1.05 0.75
pain (y)

*LLCH = low-level continuous heat.
+Independent t-test.

without compromise of supportive structures. Subjects were
also matched by activity on a 5-point scale. Here, 0 was no
activity and 5 was very active everyday with exercise. Only
subjects who scored between 2 and 3 were accepted. Sub-
jects were told they could not vary their activity during the
study. Six subjects dropped out in the last week of the
study for personal reasons leaving 23 subjects in the LLCH
group and 21 subjects in the control (placebo) group
(Figure 1). All subjects signed a statement of informed
consent approved by the Solutions Institutional Review

Board (IRB).

Procedures
All potential participants who met inclusion and exclusion
criteria were provided with detailed information regarding
the purpose, procedure, interventions, and potential risks of
the study. If subjects agreed to proceed, they signed the
informed consent form as approved by the Solutions IRB
before they participated in the study. All procedures were
also approved by the solutions IRB.

An initial evaluation and rehabilitation program was
established which included a home exercise program. All

100
80
60

40

% of knee disability score

20

Pre intervention

Figure 2. Disability score in pre- and postintervention in the LLCH and placebo groups. LLCH = low-level
continuous heat. *Significant difference between the LLCH and placebo groups.

Post intervention

subjects in the LLLCH group were given a commercially
available, over-the-counter, LLCH pack (ThermaCare;
Pfizer, Inc., Kings Mountain, NC) which they would apply
to their sore knee 6 hours before they performed their home
exercise each day they were not in therapy. The control
group took what they thought was ibuprofen but was
a placebo dosage so that the placebo effect could be seen
inwthiswgroup. This was done because placebo heat is
impossible to use, as subjects would notice that the wraps
were cold.

All groups were evaluated each week. They were given
home exercise and heat compliance logs and a visual
analog scale (VAS) for pain to be filled out each night
before exercise and, if they used heat, before and after the
heat was applied. The exercises included exercises for
extending ROM to stimulate synovial fluid activation via
capsular stimulation. Synovial fluid activation means the
production of new fluid and removal of older fluid deficient
in oxygen and nutrients. Articular cartilage depends on
synovial fluid for nutrients because it does not have direct
blood supply. Active ROM also stimulates muscle activity
to help with lymphatic flow to decrease generalized
effusion. The physical therapist filled out the knee outcome
survey activities of daily living scale at the beginning and at
end of the study and interviewed the subject to ensure that
they did not change their activity levels at each therapy
session. To improve intrarater reliability, a physical
therapist with 8-year experience took all outcome
measurements.

Interventions
All subjects underwent 1 hour of conventional physical
therapy which included thermotherapy, joint mobility,
stretching, isometric exercise, and postural exercise twice
per week for 2 weeks at the outpatient clinic. In addition to
that, they were asked to accomplish 1 hour of therapeutic
exercise which included stretching and exercise at home
eachidayitheyrweremotiinitherclinicd The LLLCH group was
asked to apply LLCH wrap on
the knee for 6 hours, whereas
the placebo control group was
asked to take a placebo ibupro-
fen before they started home
exercise every day to decrease
pain.

LLCH Outcome Measurement

Placebo Knee pain was measured by
a VAS. The VAS score was
used to measure subjective
pain at each therapy session
and on each day at home.
Subjects placed a vertical mark
across a 10-cm horizontal line
such that the closer they
marked near the 10-cm point,
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TaBLe 2. Outcome variables at pre- and postintervention and mean change.*f

Group/variables Preintervention

Postintervention Mean changes (Cl)

Disability score (%)

LLCH 54.26 = 20.75

Placebo 54.38 = 15.71
Subjective pain (mm)

LLCH 41.20 = 28.38

Placebo 45.80 = 21.78
Strength (flexion)

LLCH 8.04 + 0.93

Placebo 7.76 = 1.41
Strength (extension)

LLCH 9.09 = 1.65

Placebo 8.47 * 1.66
AROM (flexion, degree)

LLCH 110.26 = 19.62

Placebo 109.98 + 17.04
AROM (extension, degree)

LLCH —7.22 = 547

Placebo —-7.72 = 7.91

77.35
65.52

18.441§
19.19f

23.09 (16.28 to 29.9)
11.14 (5.09 to 17.20)

16.10 = 19.011§
34.96 * 24.84%

—25.09 (—35.61 to —14.57)
—10.79 (—24.37 to 2.80)

10.04 + 1.491§ 2.00 (1.45 to 2.55)
8.52 + 1.69% 0.76 (0.27 to 1.26)
10.43 £ 1.27% 1.35 (0.85 to 1.85)
9.43 * 1.43% 0.95 (0.40 to 1.50)
127.70 = 17.041§ 17.43 (8.88 to 25.99)
119.156 = 14.27% 9.17 (3.14 to 15.20)
—2.95 * 3.35¢ 4.27 (2.80 to 5.75)
—4.12 = 4,391 3.60 (0.03 to 7.18)

*Cl = confidence interval; LLCH = low-level continuous heat; AROM = active range of motion.

+Values are mean = SD.

1Significant difference between pre and post intervention (p = 0.05).
§Significant difference in changes from pre- to post intervention between LLCH and placebo group (p = 0.05).

the greater was their pain. The first step in calculating the
combined pain scale was to multiply the visual analog score
by 10. Thus, the score would go from 0 to 100. Hundred on
this scale was extremely painful, whereas 0 indicated no pain.
Each scale was on a separate paper so that they were not
biased by previous marks.

A knee outcome survey activities-of-daily-living scale was
used before and at the end of the study. The survey evaluated
the effect of knee pain on activities of daily living. If the score

Pain Scale (0-100 mm)
= N w S wu [} ~ 0 o S
o o o o o o o o o o o

DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 DAY 6 DAY 7

PRE ==@=POST

Figure 3. Subject self-reported pain scale between before and after LLCH warp applied over time in the LLCH

group. LLCH = low-level continuous heat.
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was 60, there was no impairment. The survey has been
validated and previously reported. A score of 0 indicated
maximum impairment (6). The score was normalized to
a 100% scale.

A digital goniometer was used to measure active range of
motion (AROM) in the knee (Baseline digital goniometer,
number 12-1027; Fabrication Enterprises, Inc, White
Plains, NY, USA). Knee AROM was determined with the
patient in the sitting position. The subjects flexed and
extended the knee within
a range without pain, and
AROM was measured.

Strength was assessed by the
same physical therapist so that
the measures would have bet-
ter reliability. Measures of
strength of the knee flexors
and extensor muscles were on
a standard 5-point scale with
plus and minus for 2, 3, 4, and 5
(0, no contraction; 1, visible
contraction with no movement;
2, movement with no gravity; 3,
movement against gravity only;
4, movement against gravity,
moderate resistance; 5, move-
ment against full resistance).
However, for purpose of data
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scored, for each day they par-
ticipated and used heat, as a per-
centage score for how much
they left the heat on. For exam-
ple, if they used heat for 3 hours
and were to use if for 6 hours,
they would score 50%.

Pain Scale (0-100 mm)

: BE

20

10

DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 DAY 6 DAY 7

Figure 4. Subject self-reported pain scale over time in the placebo group.

entry to avoid plus and minus measures, this scale was
converted to a 12-point numeric scale as follows;

4+ =10

5—-=11

5=12

Subjects kept a home exercise log. They scored, for each
day they participated in home exercise, as a percentage score
for how much they exercised. For example, if they exercised
for 30 minutes and were to exercise 60 minutes, they would
score 50%. Subjects kept a home heat compliance log. They

DAY 8 DAY9 DAY 10

(Pfizer, Inc., Kings Mountain,
NC). These are continuous
therapy products that produce
a fairly constant skin tempera-
ture of 41 * 0.5° C. The tem-
perature is controlled by
a flow-limited reaction con-
trolled by small holes drilled
in the cover of the wrap with a laser to maintain constant
flow of oxygen. The wraps come to temperature in about
15 minutes and maintain temperature for 8-12 hours.

[ J The heat that was applied
l was a ThermaCare heat wrap

Sample Size Estimation

G-Power 3.1.9.2 software was used to calculate the sample
size required so that a reasonable expectation would be likely
to detect an expected effect size of 0.8 between the 2
independent groups. A sample size of 42, with 21 partic-
ipants per group was required to show statistical significance
when clinically significant differences between the groups
were present. Additional participants were recruited to
provide for unanticipated dropout.

Statistical Analyses
Data were summarized as means and SDs using SPSS for
Windows version 22.0 (IBM, Armonk, NY, USA). The char-
acteristics of the subjects were compared between the LLCH
group and placebo group using independent #test for the quan-
titative variables and x? for independence for categorical vari-
ables. The normality of the outcome variables at baseline and
postintervention was examined
using one-sample Kolmogorov-
Smirnov test. Since the distribu-
tion of these variables was

35

25

normal, all outcome measure-
ments were compared between

2 |
15

the 2 groups using 1-tailed inde-
pendent #test. In each group,

W LLCH .
comparisons  between  pre-

Change in knee strength

05 ]

Flexion Extension

Figure 5. The change in strength between pre- and postintervention for knee flexion and extension in the LLCH
and placebo groups. LLCH = low-level continuous heat. *Significant difference between the LLCH and placebo

groups.

Placebo

(baseline) and postintervention
(2 weeks) were assessed using
the paired #test. The level of sig-
nificance was set at p = 0.05.

REsuULTS

Two subjects from the LLLCH
group and 4 from the placebo
group withdrew because of
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30 7
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a significant reduction in knee
pain each day before home
exercise. Comparing Figures 3
and 4 (control subjects), there
was a greater reduction in pain
over the 10 sessions before heat
in the LLCH group (Figure 3

HLLCH

and Table 2) compared with

Placebo

Change in active range of motion of knee

Flexion Extension

Figure 6. The change in active range of motion between pre- and postintervention for knee flexion and extension
in the LLCH and placebo groups. LLCH = low-level continuous heat. *Significant difference between the LLCH

and placebo groups.

personal reasons. Therefore, 44 participants (23 in the LLCH
group and 21 in the placebo group) completed the study.
There were no significant differences in general characteristics
between the LLCH group and placebo group (Table 1).

Both groups had a significant decrease in disability
(increase in the score) associated with the 2 weeks of
therapy (p < 0.001). However, the reduction in the disability
score was greater (p = 0.01) in the LLCH group. There was
no significant difference in the score in both groups prether-
apy (p = 0.968), whereas postintervention (2 weeks) the
LLCH group showed a significant improvement of 23 points
and the increase in the placebo group was 11.28 points (p =
0.010, Figure 2 and Table 2).

The pain intensity as self-reported by the subjects is shown
in Figures 3 and 4 for the LLLCH and placebo groups, respec-
tively. As can be seen in Figure 3, for the LLCH group, sub-
jective pain was less each day for the 10 days of home
measures (p = 0.05). In addition, LLCH wrap always caused

120

) -

the placebo group (Figure 4
and Table 2). The reduction in
pain before heat was signifi-
cantly greater after the second
day of heat in the LLCH group
compared with the placebo
group (p < 0.01). Each day heat
was applied, there was a reduc-
tion in pain that was significant
(» < 0.01).

The change in strength for
flexion and extension of knee before and after the 2 weeks of
conventional physical therapy and home exercise is shown
in Figure 5. Both groups showed significant increase of
strength between pre- and postintervention, but the increase
in strength in the LLCH group was more than double
(248.2%) that of the placebo group over the 2 weeks for
flexion (p < 0.001) but not significant for extension (p =
0.272, Table 2).

Active range of motion in the knee joint without pain
significantly increased in both groups pre- and postinter-
vention (p < 0.01). However, the increase in AROM in the
knee joint was significantly greater in the LLCH group than
that measured in the placebo group over the 2 weeks for
flexion but not significant for the extension (p = 0.021 and
2= 0.905, respectively, Figure 6 and Table 2).

The compliance for intervention between the groups was
not significantly different (p = 0.078, Figure 7) but the
compliance for home exercise program in both groups was
significantly different. The exer-
cise completion of the LLCH
group was significantly higher
than the placebo group by over

25.8%. (p = 0.045, Figure 7).

100

DISCUSSION

60

% of compliance

40

20 —

When high-temperature heat,
such as hydrocollator heat
pack, is applied to the skin,
only local heating of the skin
is offered and there is poor

ELLCH

placebo

Heat Placebo advil Home exercise

Figure 7. The change in intervention and home exercise compliance between pre- and postintervention in the
LLCH and placebo groups. LLCH = low-level continuous heat. *Significant difference between the LLCH and

placebo groups.
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deep tissue penetration (25,39).

These packs must be care-
fully watched because they can
damage the skin. In contrast,
continuous  low-level  heat
packs that are left on for hours
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reduce pain in minutes (17,18,20,28,31,40,47) and increase
blood flow to deep tissues (29,30,35,36,46,52). The greater
tissue temperature and blood flow increases the rate of heal-
ing of tissue (37,38). Numerous studies have shown safe and
beneficial effects of continuous low-level heat (7,16,21). The
effect of heat on pain is well documented.

Pain is mediated in the body through nerve endings via
purine receptors. Adenosine triphosphate release triggers
pain in muscle, skin, joints, and other organs (42). These
puregenic receptors are modulated by the transient receptor
potential cation channel subfamily V (TRPV) family of re-
ceptors, notably TRPV1 receptors, that are sensitive to heat.
Therefore, heat has the effect of reducing pain. Continuous
low-level heat wraps have been shown to reduce back and
neck pain in numerous clinical studies (4,6,28,30,38,47).

In addition to pain relief, heat increases blood flow to
tissues. These same TRPV1 receptors and in addition the
TRPV4 voltage-gated calcium channels increase influx of
calcium into vascular endothelial cells. This in turn activates
the enzyme endothelial nitric oxide synthetase allowing it to
convert L-argine to L-citrulline and release nitric oxide,
a potent vasodilator.

This increase in blood flow helps remove toxins from
tissues and promotes healing. Healing is also increased by
increasing tissue temperature. Tissue metabolism doubles for
about every 3° C increase in temperature. Thus, any increase
in temperature would promote faster healing by raising
metabolism. For joints such as the knee, tissue temperature
is that of a shell tissue and usually about 30° C. This is 7° C
less than that of the core and as such, heat has the potential
to quadruple metabolism. This, then, would be a major con-
tributor to healing.

In the present investigation, recovery from nonspecific knee
injuries was faster if home continuous low-level heat wraps
were used before stretching and exercise. While this pop-
ulation was undergoing physical therapy, they were able to
exercise more at home, regaining strength faster and increas-
ing flexibility with the use of home heat therapy. This is not to
say that therapy was not successful. Data clearly shows that
therapy was beneficial in the control group. But therapy
conducted by physical therapists or treatments by trainers on
athletes can only be a few hours a day. The advantage of using
continuous low-level heat wraps is that they last for more
than 8 hours, reducing pain so that exercise can be continued
with less pain at home and healing is faster.

In the present investigation, the group that received
LLCH showed significantly more pain attenuation each
day during the application of heat to the knee. Furthermore,
the reduction in pain was coupled with a significantly better
compliance for home exercise and greater increase in ROM,
strength, and the knee outcome survey activities of daily
living compared with the control group. These findings,
then, are in line with previous reports showing the increased
healing power and lower pain associated with heat therapy.
Other studies have examined the effect of heat on knee and

gait quality with heating of the knee (4,19,22,24). Removing
pain alone would not increase strength. But the reduced pain
would allow more exercise and the exercise then would be
effective in increasing strength and ROM as seen here.
The difference in the present investigation is that heat was
used as an adjunct to conventional physical therapy; in other
words, normal exercise in clinic intervention was used for
the 2-week period. The use of LLCH was meant to increase
the efficiency of home exercise. Home exercise has been
considered to have only a minimal effect on recovery from
knee pain (13,48). Due to pain, compliance for home exer-
cise is usually poor (10,12,15,43,45). Here, heat significantly
improved the home exercise compliance and outcomes of
therapy, which should shorten therapy in patients with knee
pain. In the present study, where LLCH and exercise were
used together, although not combined with physical ther-
apy, heat and exercise were synergistic, as seen here, in
improving gait and knee function (8). Although people with
arthritis and anterior cruciate ligament and meniscus injuries
were excluded, other studies have shown that the use of heat
benefits decreasing pain and increasing mobility in these
individuals as well and should also help in the clinical setting.

PRACTICAL APPLICATIONS

For the coach or trainer, this study suggests a different
approach. In addition to using whirlpool and other heat
modalities after exercise, recovery from injuries and over-
exertion of muscles may be faster if 8-hour continuous low-
level heat wraps are used at home. This will reduce pain and
increase healing and maintain flexibility in soft tissue to
optimize return to activity.
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