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ABSTRACT
Objective: The purpose of this study was to assess the effect of continuous compression stimulation on pressure-pain
threshold and muscle spasms in older adults with knee osteoarthritis.
Methods: Thirty-two older adults with knee osteoarthritis on outpatient visits were randomly divided into 2 groups. Those
in the treatment group (n = 16) received 5-minute massage therapy (continuous compression stimulation), and those in the
control group (n = 16) received sham massage therapy (touch without compression). Immediately before and after single-
intervention sessions, the pressure-pain threshold, muscle spasm, and pain were quantified.
Results: The change in pain on walking in the treatment group exceeded 1.9 cm, corresponding to the minimum
clinically important difference. In the treatment group, the pressure-pain threshold improved significantly for pain both
at rest and while walking, but the improvement in muscle spasm was not significant.
Conclusions:Massage therapy resulted inminimal clinically important changes for pain relief. There was an increase in
the pressure-pain threshold in the older adults with knee osteoarthritis. We propose that the improvements in pain may be
related to the medial thigh muscle rather than knee osteoarthritis. (J Manipulative Physiol Ther 2018;41:315-322)

Key Indexing Terms: Massage; Osteoarthritis; Knee; Pain
INTRODUCTION

Osteoarthritis is a painful musculoskeletal disease1 that
results from breakdown of the joint cartilage and underlying
bone. It affects an estimated 12.1%of the adult USpopulation2

and is a leading cause of disability in the elderly.3

Symptomatic knee osteoarthritis is frequently diagnosed in
the clinical setting, and treatment usually targets pain relief,
prevention of disability, and improvement of quality of life.
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Cartilage loss, inflammation of the synovial membrane,
mechanical stress within the joint, and stiffness of the
peri-articular components are believed to cause pain. Muscle
condition is one of the peri-articular components that has been
targeted inmassage therapy. Perlman et al reported the effect of
massage therapy on pain relief in patients with knee
osteoarthritis.4,5 In addition, several studies have been
performed to examine whether knee pain can be improved
by acupressure and/or ischemic compression toward
lower-extremity muscle.6-10 One of the reasons for addressing
these non-drug therapies is that these therapies are safer than
drug therapies and have fewer side effects. However, the
mechanism underlying the pain relief induced by massage
therapy remains unclear.Understanding thismechanismwould
help in customizing massage therapy for each patient.

Recent studies have revealed that patients with knee
osteoarthritis may have both peripheral and central sensitization
of pain mechanisms, resulting in the spread of hyperalgesia.11

Pain sensitization occurs in patients with knee osteoarthritis and
may be associated with the severity of knee osteoarthritis
symptoms.12 A lower pressure-pain threshold, which is a sign
of sensitization, has been observed in patientswith osteoarthritis
compared with healthy controls.13 Lower pressure-pain
thresholds have also been correlated with higher pain intensity,
higher disability scores, and poorer quality of life.14 These data
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suggest that an improvement in the pressure-pain thresholdmay
partially relieve the pain in knee osteoarthritis. Other evidence
indicates that massage therapy can improve the pressure-pain
threshold15-17 andmuscle spasms.18,19 However, this threshold
has not been studied as a key factor in understanding the
mechanism of pain relief in trials for patients with knee
osteoarthritis.4-10

The purpose of this study was to test the hypothesis that
an increase in the pressure-pain threshold and a decrease in
muscle spasms induced by massage therapy can mediate
pain relief in patients with knee osteoarthritis. Validating
this hypothesis would help us to understand the mecha-
nism(s) underlying pain relief induced by massage therapy.
Fig 1. Continuous compression stimulation performed on the
anterior and distal portion of the medial thigh. This photograph
depicts application of stimulation at the right thigh.
METHODS

Trial Design
In this randomized controlled trial, the treatment group

received massage therapy and the control group received
sham treatment. The allocation ratio was 1:1. This study
was approved by the ethics committees of both Saiseikai
Kure Hospital (No. 87) and Hiroshima International
University (No. 13-100). All patients provided written
informed consent after receiving complete information
about the study objectives and content. The registration
number of this trial is UMIN000022947.
Participants
Participants were outpatients who visited the Saiseikai

Kure Hospital in Japan. The inclusion criteria were as
follows: a positive diagnosis of knee osteoarthritis by an
orthopedist based on plain radiography, knee pain either at
rest or while walking, and age ≥50 years. The exclusion
criteria were as follows: definitive neurological disorders,
inability to respond to the questions unaided because of
cognitive impairment (eg, dementia), and the presence of
skin disease (eg, contact dermatitis). Because the change in
pain derived from the peri-articular muscle condition was
the focus of the present study, we did not investigate in
detail whether the patient had an intra-articular prosthesis.
At baseline, age, height, weight, severity of osteoarthritis
(Kellgren-Lawrence grade), and comorbidities (diabetes
and hypertension) were recorded.
Interventions
To evaluate the immediate effect of massage therapy,

intervention was limited to 1 session. The second author
(T.U.) took charge of therapeutic intervention, and the third
author (Y.K.) measured outcomes. In both the treatment and
control groups, intervention was performed on the anterior
and distal portion of the medial thigh (Fig 1). The reasons for
this were as follows: tenderness and pain were noted in this
area while walking20; the location was easily accessible
during massage therapy; and knee pain subsided on
massaging this area according to our clinical experience. If
the participants had undergone surgery in the past (eg, total
knee arthroplasty), intervention was performed on the
non-operated knee. If participants experienced pain in both
knees and had not undergone any knee surgery, the more
painful site was selected as the intervention target. We chose
the continuous compression stimulation massage type,
because the amount of compression stimulation applied
could be converted into numerical values. To quantify the
amount of compression stimulation applied, a manual load
was provided via a hand-held dynamometer (Microfet2,
Orsay, France).

In the treatment group, the participants maintained a lateral
posture, with the knee pointing down. The therapist stood near
the treatment bed and approached the participants frombehind.
The therapist applied continuous compression load at the target
area with his hand. During treatment, the therapist used his
body weight by keeping the elbow in extension. The
compression stress was increased gradually and stopped just
before the patient experienced pain. Based on the degree of
compression stress at this time, the pressure for massage for
each patientwas determined. The therapistmonitored regularly
tomaintain the degree of compression load as high as possible.
The duration of continuous compression was 5 minutes.

In the control group, the therapist placed a handheld
dynamometer over the surface of the target area only and did not
subject the patient to any compression (the force was almost 0).
Outcomes
The primary outcomes in this study included the

pressure-pain threshold, muscle spasm, and pain at both
rest and on walking. These were measured immediately
before and after intervention. The secondary outcomewas the
general rating of change.
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The pressure-pain threshold was measured using an
algometer (NEUTONE Hi-Precision Algometer TAM-1,
TRY-ALLCorp, Chiba, Japan). The algometer was positioned
vertically to the anterior and distal portion of the medial thigh
of the participants, and a load was gradually applied. Pressure
was recorded when the participants felt pain induced by the
load. The reliability of the algometer had been validated in our
preliminary experiment, and the intraclass correlation coeffi-
cient was 0.94 (n = 16 in healthy younger people).

Muscle spasm was measured using a muscle hardness
tester (NEUTONE Muscle Hardness Tester TDM-Z1 (RB),
TRY-ALL Corp). Muscle hardness measurement was
performed on the anterior and distal portion of the medial
thigh, the same area in which intervention and measurement
of the pressure-pain threshold was performed. The
reliability of the tester had been validated in our preliminary
experiment, and the intraclass correlation coefficient was
0.94 (n = 16 in healthy younger people).

Pain was measured using a 10-cm visual analogue scale
(VAS, 0 = no pain; 10 = unbearable pain). Participants rated
the degree of pain both at rest and while walking. The
general rating of change was assessed using a 15-point
Likert scale.21 The scale ranged from –7 (“a very great deal
worse”) to +7 (“a very great deal better”). In this study, a
rating ≥+3 signified excellent results from the intervention.
The participants rated the general rating of change after
evaluating pain while walking.
Sample Size
The required sample sizewas calculated usingEZR 1.30.22

Previous knee osteoarthritis trials23,24 had revealed that pain
reduction of 1.75 to 1.9 cm on theVAS is recommended as the
minimum clinically important difference. With 11 partici-
pants, the study had 80% power to detect a difference in pain
reduction of 1.9 cm between pre-intervention and
post-intervention, assuming a standard deviation of 1.9 cm
at a significance level of 5%. Patient numbers were increased
to N15 per group to accommodate for dropouts.
Randomization and Blinding
To generate the random allocation sequence, the first

author (R.T.) generated random numbers using Excel 2010
(Microsoft, Redmond, Washington). At that time, the
restriction of randomization, such as blocking and block
size, was not considered in detail. The random allocation
sequence was revealed to the therapist, but not to the
participants and the assessor. The second author enrolled
participants and assigned participants to the different
interventions. Although the therapist knew which participant
was allocated to the treatment or control group, the
participants and the assessor were blinded after assignment
to each intervention such that they were unable to
discriminate whether individual participants had or had not
received the treatment. The intervention settings were the
same for the 2 groups.
Statistical Methods
Data were subjected to an intention-to-treat analysis,

accounting for those who did not complete the study. The
distribution of patients with respect to sex and osteoarthritis
grades was compared between the groups using the χ2 test.
Baseline values for the pressure-pain threshold, muscle
spasm, and pain were compared between the groups using
Student’s t test. A 2-way analysis of variance with time as
the repeated factor was used to compare the effects of group
(treatment and control) and time (pre-intervention and
post-intervention). When interactions were detected, post
hoc analyses using Bonferroni adjustment were performed.
Statistical significance was set at P b .05.

Correlation analysis was performed to understand the
relationships between measured outcomes. Path analysis was
used to validate themodel of pain relief caused by the change in
the pressure-pain threshold and muscle spasm. The
goodness-of-fit of models was compared between groups by
using statistical parameters such as the χ 2 value,
goodness-of-fit index (GFI), adjustedGFI (AGFI), comparative
fit index (CFI), and root-mean-square error of approximation
(RMSEA). A low χ2 value relative to the degrees of freedom
with an insignificantP value (PN .05), GFIN0.95,AGFIN0.95,
CFI N0.95, or RMSEA b0.06 indicated good model fit.25
RESULTS

Figure 2 is the flow diagram for this study. We started the
recruitment process in November 2013 and ended in August
2014 until patient numbers exceeded 15 per group. Thirty-two
participants completed this study. For each group, there were
no losses or exclusions after randomization.

Table 1 outlines the baseline information for the 2 groups.
For each group, the number of participants included in each
analysis was determined, and the analysis was conducted
according to the original assigned groups. There were no
significant differences in age, sex distribution, body height,
body weight, osteoarthritis grade distribution, total knee
arthroplasty, side of involvement, or side of intervention
between the 2 groups (P N .05). Significant harm or
unintended effects were reported by patients in both groups.

Table 2 outlines the compression force exerted on
participants in the treatment group. Although there was a
variation, N5 N was manually loaded by the therapist
toward the anterior and distal portion of the medial thigh.

Table 3 provides descriptive data on the pressure-pain
threshold, muscle spasm, and pain both at rest and while
walking before and after intervention. There were no
significant intergroup differences in any of the measured
variables in the pre-intervention stage. Both groups
exhibited significant improvement in post-intervention



Fig 2. Flow diagram.
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scores over pre-intervention scores, except for the variable
pain at rest. The 2-way analysis of variance revealed no
significant time-by-intervention interaction for any of the
measured variables (P N .05).

In Table 4 are the results for general rating of change.
Results of theχ2 test indicated that the number of participants
who gave excellent ratings was significantly higher in the
treatment group than in the control group (P b .05).

Table 5 outlines the results of correlation analysis. In the
treatment group, pain relief was moderately correlated with
an increase in the pressure-pain threshold, but not in muscle
spasm. In the control group, pain relief was not significantly
correlated with either an increase in the pressure-pain
threshold or the degree of muscle spasm.

The results of the path analyses are summarized in Table 6
and illustrated in Figure 3. The χ2 values could not be
calculated in the initial models. When the path from muscle
spasm to pain on walking and covariance between muscle
spasm and pressure-pain threshold were deleted, this problem
could be eliminated. In the treatment group, the χ2 values
were not significant, and the GFIs were high, implying that
the model was validated (GFI = 0.997, AGFI = 0.986, CFI =
1.000, RMSEA = 0.000). The pressure-pain threshold had a
significant impact on pain both at rest and while walking, but
the path coefficient of muscle spasm to pain was not
significant. However, in the control group, all indices related
to the goodness-of-fit indicated poor fitness of the model
toward the data (GFI = 0.820, AGFI = 0.102, CFI = 0.408,
RMSEA = 0.470). Unlike in the treatment group, the
significance of the correlation of the pressure-pain threshold
to pain could not be confirmed in the control group.
DISCUSSION

In the current study, the pressure-pain threshold, muscle
spasm, and pain both at rest andwhile walking in patients with
knee osteoarthritis were investigated immediately before and
after continuous compression stimulation. Although all
measured variables exhibited improvement in the treatment
group, no significant differences could be detected when
compared with the control group. However, the extent of
impact of the pressure-pain threshold on pain differed between
groups, and a significant causal relationship was confirmed
only in the treatment group. The change in muscle spasm did
not significantly influence pain relief in the treatment group.



Table 1. Baseline Information

Characteristics Treatment Group Control Group P

Age, y 80.8 ± 9.7 81.3 ± 6.3 .85

Gender, female 16 (100%) 13 (81.3%) .06

Height (cm) 146.5 ± 8.3 150.9 ± 8.7 .15

Weight (kg) 51.3 ± 11.4 57.2 ± 8.9 .11

Kellgren-Lawrence grade .13
1 1 0

2 6 2

3 5 7

4 4 7

Total knee arthroplasty 4 (26.7%) 5 (31.3%) .50

Diabetes 6 (37.5%) 2 (12.5%) .11

Hypertension 10 (62.5%) 8 (50%) .36

Affected side .50
Right 1 2

Left 3 2

Both 12 12

Table 2. Compression Force Exerted on Participants in the
Treatment Group

Force (N) Number

5-10 1

10-15 0

15-20 1

20-25 3

25-30 2

30-35 3

35-40 3

40-45 1

45-50 0

50-55 1

55-60 1
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Placebos are known to have the greatest effect on
continuous subjective outcomes.26 Placebo effects are
common in knee osteoarthritis; reported improvements with
sham intervention range from 16% to 40%.27-30 Tubach et al
reported that the minimum clinically important differences
for absolute and relative changes were –19.9 mm and
–40.8%, respectively, for knee osteoarthritis.24 In our study,
the observed improvement in pain while walking in the
treatment group was N40% compared with the baseline, and
the absolute value was larger than that in the control group,
which was higher than the minimum clinically important
differences recommended.24 Moreover, the general rating of
change in the treatment group was higher than that in the
control group. On the basis of the above results, this study
found that the continuous compression stimulation used in
this study was equal to or better than the placebo treatment at
relieving pain in patients with knee osteoarthritis while
walking. Such massage therapy could be helpful in patients
with knee osteoarthritis.

Patients with painful knee osteoarthritis also experience
sensitization.11 In several studies, it has been reported that
the pressure-pain threshold was lower in osteoarthritis
patients than in healthy individuals13,14,31 and may be
associated with knee osteoarthritis symptom severity.12,14

Other studies have reported on the effect of massage
therapy on the pressure-pain threshold and pain.17-19

However, these studies17-19 did not include patients with
knee osteoarthritis. Previous trials have examined the
effect of massage therapy, including acupressure, on pain
in patients with knee osteoarthritis, but have not addressed
the pressure-pain threshold. 6-10 To the best of our
knowledge, a causal relationship between a change in the
pressure-pain threshold induced by massage therapy and
pain relief has not been validated, and the mechanism
underlying the beneficial effects of massage therapy in
patients with knee osteoarthritis remains unknown. Our
results indicated not only the significant effect of continuous
compression stimulation on the pressure-pain threshold and
pain relief, but also its causal relationship in the treatment
group. These findings may help us to understand the
mechanism underlying the pain relief induced by massage
therapy. Usually, repeated stimulation causes most sensory
organs to become fatigued and less responsive.32 Such
“acclimatization” may have occurred in our study and may
have increased the pressure-pain threshold, thereby causing
pain relief.

Previous studies have found that pain in patients with
knee osteoarthritis may be associated with generalized pain
sensitization rather than peripheral inflammation and
injury.11,13,33 In addition to knee osteoarthritis, there are
other musculoskeletal diseases that may decrease the
pressure-pain threshold. For example, in tension-type
headache or migraine, the pressure-pain threshold has
been reported to be generally lower in patients than in
healthy individuals.34 Individuals with chronic nonspecific
lower back pain have lower pressure-pain threshold values
than healthy individuals.35 Peripheral sensitization mani-
fests consistently in those with musculoskeletal shoulder
pathology.36 Our findings may be applicable to the
treatment of patients with these musculoskeletal diseases.
Limitations
First, it was difficult to establish that the groups were

entirely similar at baseline. Specifically, the value of the
pressure-pain threshold and pain while walking in the
experimental group was worse than that in the control group,
the differences being 3.7 and 17 mm, respectively, between
groups. This was an error, but the source of this error may be
the small sample size used. The effect of continuous
compression stimulation on the pressure-pain threshold or
pain may be limited for people with certain types of severe
symptomatic knee osteoarthritis. Second, our results include



Table 3. Descriptive Data on the Pressure-Pain Threshold, Muscle Spasm, and Pain

Outcome Pre-intervention Post-intervention Change Score (Rate) P a

Treatment Group

Pressure-pain threshold (N) 20.4 ± 7.9 24.5 ± 10.4 b 4.0 ± 4.3 (19.6%) N.05

Muscle spasm (N) 0.75 ± 0.13 0.61 ± 0.12 b –0.14 ± 0.11 (18.7%) N.05

Pain at rest (cm) 2.8 ± 2.4 1.2 ± 1.2 b –1.6 ± 2.2 (57.1%) N.05

Pain on walking (cm) 4.7 ± 2.3 2.6 ± 1.9 b –2.1 ± 1.9 (44.7%) N.05

Control Group

Pressure-pain threshold (N) 24.1 ± 7.9 27.9 ± 11.1 b 3.8 ± 5.5 (15.8%) N.05

Muscle spasm (N) 0.73 ± 0.13 0.66 ± 0.11 b –0.08 ± 0.14 (11.0%) N.05

Pain at rest (cm) 1.0 ± 1.2 0.5 ± 0.4 –0.5 ± 1.0 (50.0%) N.05

Pain on walking (cm) 3.0 ± 2.0 2.2 ± 1.2 b –0.8 ± 1.5 (26.7%) N.05

Pressure-pain threshold was measured using an algometer. Muscle spasm was measured using a muscle hardness tester. Pain at rest and at walking wa
measured using a 10-cm visual analogue scale.

a A 2-way analysis of variance with time as the repeated factor.
b A significant difference between pre-intervention and post-intervention (P b .05).

able 4. Results of General Rating of Change

General Rating of Change

b3 ≥3

Treatment group 9 7

Control group 15 1

Table 6. Goodness-of-Fit of Models

df χ2 P GFI AGFI CFI RMSEA

Treatment group 2 0.084 .959 0.997 0.986 1.000 0.000

Control group 2 8.637 .013 0.820 0.102 0.408 0.470

AGFI, adjusted goodness-of-fit index; CFI, comparative fit index; df,
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T

Table 5. Results of Correlation Analysis

Pressure-Pain
Threshold

Muscle
Spasm

Pain at
Rest

Treatment Group

Muscle spasm –0.068 – –

Pain at rest –0.457 –0.359 –

Pain on walking –0.640 a –0.103 0.627 a

Control Group

Muscle spasm –0.233 – –

Pain at rest –0.124 –0.053 –

Pain on walking –0.009 0.417 0.646 a

a P b .01.
degrees of freedom; GFI, goodness-of-fit index; RMSEA, root-mean-s-
quare error of approximation.
some bias; allocation was not concealed, and the therapists
were not blinded. Additionally, it is likely that the patients in
the control groups were not blinded because of the awareness
related to the massage itself by their common knowledge and
previous experience with “massage.” As it was unknown to
what extent these biases influenced our results, the effect size
on the pressure-pain threshold and pain improvement by
continuous compression stimulation should be considered
with caution. The third limitation was the length of
intervention. Our study tested only the immediate effect of
massage; the effects of long-term intervention were not
examined. If long-term intervention was performed, other
factors might mediate the effect of massage (eg, psychological
factors).37 In addition, some researchers have indicated that the
s

increased blood circulation to the muscles—which promotes
gas exchange, delivery of nutrients, and removal of waste
products—is the primary factor in pain relief induced by
massage.38-41 Future studies are needed tomeasure and control
this factor to understand the mechanism of pain relief induced
by massage in patients with knee osteoarthritis. The fourth
limitation was the characteristics of the participants. The
participants were older, with a mean age of 80 to 81 years. Our
results may not be generalizable to patients with common knee
osteoarthritis in other age groups. Clinicians should take note
that our findingsmay not be applicable to younger populations.
The final limitation was the range of effect. As functional
outcome measures were not used, the effects of massage on
functional ability are unknown. To examine the functional
change after massage, outcome measures such as the Lower
Extremity Functional Scale,42 the McMaster Universities'
Osteoarthritis Index,43 or the short measure developed using
the Knee Injury andOsteoarthritis Outcome Score44 should be
used in a future trial.
CONCLUSION

In this study, massage therapy resulted inminimal clinically
important changes for pain relief. There was an increase in the
pressure-pain threshold in older adults with knee osteoarthritis.
We propose that the improvements in pain may be related to
the medial thigh muscle rather than knee osteoarthritis.



Fig 3. Path coefficient in the treatment group.
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Practical Applications
• Knee pain in the elderly with knee osteoar-
thritis may be derived from muscle condition
around the knee joint.

• Pain relief can be addressed by a simple 5-minute
continuous compression stimulation per-
formed on the anterior and distal portion of
the medial thigh.

• Continuous compression stimulation relieves
pain at rest and on walking.

• Improvement of muscle spasm does not
correlate with the pressure-pain threshold.
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