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Abstract

The aim of this randomized controlled trial was to determine the effect of jaw relaxation, music and the combination of relaxation and
music on postoperative pain after major abdominal surgery during ambulation and rest on postoperative days 1 and 2. Opioid medication
provided for pain, following abdominal surgery, does not always give sufficient relief and can cause undesired side effects. Thus, additional
interventions such as music and relaxation may provide more complete relief. Previous studies have found mixed results due to small
sample sizes and other methodological problems. In a rigorous experimental design, 500 subjects aged 18–70 in five Midwestern hospitals
were randomly assigned by minimization to a relaxation, music, relaxation plus music, or control group. Interventions were taught
preoperatively and tested postoperatively. The same amount of time was spent with subjects in the control group. Pain was measured
with the visual analogue sensation and distress of pain scales. Demographic and surgical variables, and milligrams of parenteral or oral
opioids in effect at the time of testing were not significantly different between the groups, nor did they correlate with pain scores.
Controlling for pretest sensation and distress, orthogonal a priori contrasts and multivariate analysis of covariance indicated that the
three treatment groups had significantly less pain than the controls, (P = 0.028–0.000) which was confirmed by the univariate analysis
of covariance (P = 0.018–0.000). Post hoc multivariate analysis revealed that the combination group had significantly less sensation and
distress of pain than the control group on all post-tests (P = 0.035–0.000), and the relaxation and music groups had significantly less on all
tests (P = 0.022–0.000) except after ambulation. At post ambulation those using relaxation did not have significantly less pain than the
controls on both days and those using music did not on day 1, although there were some univariate effects. A corresponding significant
decrease in mastery of the interventions from pre to post ambulation suggests the need for reminders to focus on the intervention during this
increased activity. Physicians and nurses preparing patients for surgery and caring for them afterward, should encourage patients to use
relaxation and music as adjuvants to medication for postoperative pain. 1999 International Association for the Study of Pain. Published
by Elsevier Science B.V.
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1. Introduction

Each year in the United States, 23 million people undergo
surgical operations and experience postoperative pain
(Chapman, 1985). The pain increases stress responses,
which in turn increase tissue breakdown metabolism, coa-
gulation and fluid retention, with deleterious effects on
recovery. Pain also interferes with appetite and sleep, and
it can contribute to complications, prolonging hospitaliza-

tion (Acute Pain Management Guideline Panel, 1992; Mias-
kowski, 1993).

Even with medication, most postoperative patients report
moderate to severe pain at rest that increases during ambu-
lation (Bonica, 1983; Weis et al., 1983). After activity
ceases, pain may continue but more medication may be
unavailable, since it can only be given at prescribed inter-
vals. Some patients may be especially sensitive to pain, or
have insufficient response to medication. Others may wish
to avoid the side effects of increased doses of opioids.

Relaxation and music have been recommended as adju-
vants to medication. Both act on pain by decreasing anxiety
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(Borkovec and Sides, 1979; Hanser et al., 1983), lowering
muscle tension and distracting attention (Good, 1995),
thereby affecting the central control processes that modulate
pain transmission. Relaxation directs the mind to concen-
trate on relaxing muscles, breathing evenly and reducing
thoughts. Music is composed of auditory tones and rhythms
that do not direct the mind but distract it, and they relax the
body as well. Music can focus attention, facilitate breathing
and stimulate the relaxation response (Livingston, 1979).

Some studies have found that relaxation and music
reduced pain, but in others results have been mixed due to
small samples and other methodological problems, includ-
ing lack of random assignment, lack of control for pretest
pain, and little practice or assurance that subjects had mas-
tered the techniques (Blankfield, 1991; Henry, 1995; Ste-
venson, 1995; Good, 1996; Sears and Carroll, 1998). In
some studies relaxation or music reduced reports of sensory
and affective pain (Flaherty and Fitzpatrick, 1978; Lawlis et
al., 1985; Levin et al., 1987; Mullooly et al., 1988; Miller
and Perry, 1990), while in others they reduced only affective
pain (Wells, 1982; Horowitz et al., 1984; Mogan et al.,
1985), had different results on different measures of pain
(Good and Chin, 1998), or on different postoperative days
(Good, 1995; Good and Chin, 1998). In other studies relaxa-
tion or music had no effect on pain but reportedly, provided
a relaxing and pleasant experience (Heitz et al., 1992; Zim-
merman et al., 1996; Heiser et al., 1997).

As a result, the usefulness of these interventions remains
unclear. In the randomized controlled trial reported here,
jaw relaxation, music and the combination of relaxation
and music were compared at ambulation and rest in a
large sample with optimum control.

2. Methods

2.1. Sample

An experimental pretest–post-test design, was used to
study 617 subjects recruited from three tertiary care medical
centers and two suburban community hospitals in a large
Midwestern city over a period of 29 months. All patients
spoke English, were scheduled for major abdominal sur-
gery, and were expected to use patient controlled analgesia
(PCA), and to ambulate after surgery. Patients with laparo-
scopic or vaginal surgery, epidural analgesia, or a diagnosis
of psychosis, mental retardation, or opioid dependence were
excluded. The study was approved by the investigational
review board of each institution and all patients provided
informed written consent preoperatively.

A convenience sample of subjects was selected from the
pre-admission testing appointment schedules of the five
hospitals. After an interview, a computerized minimization
program (Zeller et al., 1997) was used to randomly assign
them to a control group receiving usual care, three experi-
mental groups, relaxation, music and combination, and two

testing sequences, ambulation first or rest first. The program
controlled for gender, surgical specialty, intestinal surgery,
chronic pain, first surgery and antidepressant/benzodiaze-
pine use. Of the total sample, 165 (27%) were assigned to
the relaxation group, 151 (25%) to the music group, 149
(24%) to the combination group, and 152 (25%) to the con-
trol group. Half of the subjects were randomly assigned to
be tested at ambulation first (n = 318, 52%) and half to be
tested at rest first (n = 299, 49%). There were no significant
differences in the number of subjects assigned to each treat-
ment group,X2 (3, N = 617) = 1.03, P = 0.79, or to each
testing sequence,X2 (1, N = 617) = 0.21,P = 0.65.

After surgery, 76 (12%) subjects no longer qualified for
the study, and 33 (5%) withdrew. Reasons for disqualifica-
tion were epidural anesthesia, surgery changed or canceled,
and illness or other factors. Reasons for withdrawal were
that patients did not feel well, did not want to use the treat-
ment (n = 8), wanted to rest, or provided no reason. Thus
there were 500 subjects in the final sample. The number of
subjects withdrawing did not significantly differ in the four
groups,X2 (3, N = 33) = 4.21,P = 0.24, or between the two
testing sequences,X2 (1, N = 33) = 3.67, P = 0.06, or
between sequences per group,X2 (3, N = 33) = 1.09, P =
0.78.

Two hundred twenty-one (44%) subjects in the final sam-
ple missed at least one test, and 28 (6%) missed more than
one test. Reasons for a missed test were adverse symptoms
(n = 80), condition at time of test (n = 36), refusal to ambu-
late (n = 41), early discharge (n = 14), too much pain
(n = 10), did not like the music (n = 31), and miscellaneous
or no reason given (n = 37). Those who had complete data
for at least one of the four tests were included in the analysis
(Everitt and Dunn, 1991). On Day 1, there were 340 subjects
tested during ambulation, and 458 at rest; on Day 2, there
were 401 were tested during ambulation and 443 at rest.

In the final sample, there were 87 (17%) men and 413
(83%) women; 350 (70%) were from the three tertiary care
centers, and 150 (30%) from the two community hospitals.
Their mean age was 45.37 (SD= 11.03), range 20 to 70
years and the majority were Caucasian (81%), Protestant
(52%), married (61%), employed (69%), had completed a
year or more of college (64%), and had a monthly household
income of 3000 US $ or less (57%). Over half smoked
(52%), and most had previous surgery (94%), did not
drink alcohol (86%), and did not have chronic pain (64%),
or take benzodiazepines or antidepressants (85%), or ster-
oids (89%). The mean body mass for the sample was 28.84
kg/m2, SD = 7.94. The final sample underwent gynecologi-
cal (50%), gastro-intestinal (28%), exploratory (18%) and
urinary surgery (4%). Subjects spent an average of 3 h 15
min, (SD= 1 h 8 min) in surgery. During surgery, cancer
was found in 19%. The majority of surgical incisions were
in the lower abdomen (62%); with 54% vertical incisions,
and 35% horizontal. Most subjects (93%) received initial
postoperative orders for PCA with a lockout range of 5 to 10
min, but 4% received intramuscular analgesics as needed,
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2% intravenous opioids, and 1% other routes. A few (13%)
progressed to oral medication by the first postoperative day,
and 35% more by day 2, for a total of 48% by day 2.

There were 26% subjects receiving relaxation, 26%
receiving music, 24% receiving the combination, and 24%
in the control group,X2 (3, N = 500) = 0.40,P = 0.94. On
day 1 within each group, half were tested first during ambu-
lation and half were tested first during rest; the order was
reversed on day 2,X2 (1, N = 500) = 0, P = 0.84.

2.2. Experimental interventions

The interventions, jaw relaxation, music, or a combina-
tion of relaxation and music, were taught preoperatively
with an introductory tape using earphones, and tested with
a treatment tape postoperatively during ambulation and at
rest on days 1 and 2. To control for variations in hospital
practice, all subjects received instruction in getting out of
bed and splinting their incision while ambulating. To con-
trol for expectations and prevent demoralization, the control
subjects were told that this was the treatment they were
assigned to receive and that an important purpose of the
research was to compare pain during ambulation and at
rest. To prevent diffusion of treatments, room assignments
were controlled so that subjects were not assigned to the
same room. To prevent extraneous variation in the four
groups, a similar amount of time was allotted for instruction,
experimenter contact and validation of effectiveness.

Subjects in the relaxation group used the following pro-
tocol: let the lower jaw drop slightly as though starting a
small yawn; keep the tongue quiet and resting in the bottom
of the mouth; let the lips get soft; breathe slowly and rhyth-
mically with a three-rhythm pattern of inhale, exhale and
rest; stop forming words; do not even think words (Flaherty
and Fitzpatrick, 1978). An introductory tape used preopera-
tively explained the purpose and effects of relaxation and
described the jaw relaxation technique; subjects then prac-
ticed the technique and were coached by the data collector.
Postoperatively, subjects used an intervention tape in which
the relaxation technique was repeated at 1-min intervals.

The music intervention began preoperatively when sub-
jects listened to a half-minute excerpt of each type of music.
Subjects chose one of five types of taped soothing music:
synthesizer, harp, piano, orchestral or slow jazz. They lis-
tened to it while the data collector coached and reinforced
them on letting the music distract or relax (Good, 1995).

The preoperative combination tape consisted of the pro-
cedures of both the music and relaxation groups. Postopera-
tively, the combination group listened to a tape on which the
relaxation technique was repeated occasionally with the
chosen music playing continuously in the background. In
the combination and music groups, 73 (29%) chose orches-
tral music, 60 (24%) chose piano, 60 (24%) chose jazz, 33
(13%) chose synthesizer, and 24 (10%) chose harp.

Preoperatively subjects practiced twice with the introduc-
tory tape while sitting in a chair, and then twice with the

intervention tape, first while sitting and then while getting
up and walking. Subjects’ ability to use the techniques was
verified using four criteria during preoperative practice and
postoperative testing: (a) face relaxed (b) no grimace or
frown (c) not talking (d) slow respirations. Each criteria
was observed at specific points in the procedure and given
two points if it was present, and one point if it was not.
Mastery was defined as a score of seven out of eight points.

The control group received the same procedures and mea-
sures as the treatment groups, but did not receive a tape. Ten
minutes of casual conversation took the place of the intro-
ductory tape. During the rest condition, the control group
was asked to lie quietly 15 min.

2.3. Measurements

2.3.1. Sensation and distress of pain
Postoperative pain is defined as an unpleasant sensory

and affective experience. The sensory component of pain,
defined as the unpleasant, physical perception of hurt, was
measured with the sensation of pain visual analogue scale
(VAS). The affective component of pain, defined as the
amount of emotional distress associated with the sensation,
was measured by a VAS distress scale at the same data
points. Pain is conceptualized in this study as a composite
of sensory and affective pain. The two scales, adapted from
Johnson (1973), were 100-mm lines with verbal anchors of
‘none’ to ‘most sensation’ and ‘most distress’. The scales
were introduced preoperatively and were then used to deter-
mine the intensity of past and expected sensation, and dis-
tress of pain. Postoperatively they were used before and
after a 15 min rest period and at four points during ambula-
tion on postoperative days 1 and 2 (before preparation, after
preparation, after ambulation and after recovery). The pre-
paratory measure was considered the pretest; all other mea-
surements were post-tests.

Construct validity of the original scales was supported by
Johnson (1973), who found that subjects could differentiate
between sensation and distress during induced ischemic
pain. Concurrent validity, comparing post ambulatory
scores on the original scales to scores on the Melzack
(1975) McGill Pain Questionnaire’s Pain Rating Scale-
Ranked, indicated strongly positive correlations for sensa-
tion (r = 0.44, P , 0.001), and distress of pain (r = 0.55,
P , 0.001) (Good, 1995). In the present study, correlations
of the scores during rest on the original Johnson scales with
the VAS sensation and distress scales ranged fromr = 0.89
to r = 0.92. The reliability of these single-item measures of
changeable states has not been established.

2.3.2. Opioid intake
To examine the confounding effects of analgesic medica-

tion, the milligrams of opioid intake during tests at ambula-
tion and rest were calculated by subtracting the total
milligrams on the PCA display screen just before the test
from the total after the test. For those receiving other par-
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enteral or oral opioid medications, the presence of opioid
‘on board’ (i.e. in effect) was recorded if the drug had been
given before testing within the prescribed interval.

2.4. Procedure

2.4.1. Preoperative instruction
Names of patients scheduled for major abdominal surgery

were obtained each day by reviewing the appointment sche-
dule in the preadmission testing (PAT) departments of the
five hospitals. A data collector met patients after their PAT
appointment, obtained written informed consent, randomly
assigned and interviewed them to obtain demographic and
other data on variables that might affect postoperative pain
such as past pain, expected pain, smoking and alcohol use.
Subjects were taught use of the sensation and distress scales;
and then they listened to the intervention teaching tapes.

2.4.2. Postoperative testing
Postoperatively, patients’ charts were reviewed to deter-

mine the surgical procedure, postoperative diagnosis, length
of surgery and amount of analgesic, sedative, or steroid
medication in effect at the time of measurement. Ninety
percent of the testing was done between the hours of 0930
and 1545 h, at a time agreeable to subjects. To reduce con-
founding, testing on day 1 was done at the second ambula-
tion after surgery rather than the first. To reduce carryover
effects, testing during ambulation and rest were performed
at least 1 h apart. On day 1 after surgery, the data collector
came to the bedside and brought the tape and tape player to
experimental subjects for testing during the assigned condi-
tion, ambulation or rest.

Testing at ambulation consisted of three phases: a 5-min
preparatory period in bed; an ambulation period which
included getting out of bed, walking a comfortable distance,
and returning to bed; and a 10-min recovery period in bed.
Those in the treatment groups listened to the tape through-
out all three phases. Subjects in all four groups were accom-
panied by a nurse data collector. In all subjects, the data
collector measured sensation and distress four times during
ambulation: before and after the 5-min preparatory period,
after ambulation, and after the 10-min recovery from ambu-
lation. Ambulation lastedM = 27, SD= 15 min andM = 26,
SD = 7 min on days 1 and 2, respectively.

During the rest condition, the data collector measured
sensation and distress before and after the 15 min treatment
tape or control condition of resting in bed. On Day 2, the
procedures for ambulation and rest were repeated with the
order of activity reversed. PCA opioid analgesics were not
restricted, but the data collector checked the PCA pump
before and after each treatment, and noted other analgesics
in effect from the chart.

2.5. Analysis

To identify potentially confounding covariates (atr .

0.30) (Cook and Campbell, 1979), Pearson’s product
moment correlations were calculated between the measures
of pain and possible covariates. Multivariate analysis of
covariance (MANCOVA), controlling for identified covari-
ates, was then used to compare post-test pain at ambulation
and rest with three orthogonal a priori contrasts: (1) the
three treatment groups versus the control group (2) the com-
bination group versus the single treatment groups, relaxa-
tion and music (3) the relaxation group versus the music
group. The level of significance was set at 0.05. To deter-
mine whether univariate (UV) analysis confirmed the multi-
variate (MV) results, analysis of covariance (ANCOVA)
was used, controlling for the corresponding pretest.

3. Results

Mean scores for pain sensation and distress for the four
groups during ambulation and rest on both days are shown
in Table 1 and Fig. 1. At every point after the preparatory
pretest, the control group had higher raw scores on sensation
and distress than any of the treatment groups.

3.1. Equality of groups and identification of covariates

One-way ANOVA determined that at the pretest (pre-
paratory) measurement there were no significant between-
group differences in sensation and distress, except for sen-
sation before rest on day 2,F(3, 439)= 2.41, P = 0.033.
Also, the following possible confounding variables were
not correlated with dependent measures and there were no
significant group differences in them: age, gender, marital
status, education, smoking, alcohol use, chronic pain, pre-
operative belief in intervention effectiveness for pain, num-
ber of previous surgeries, intensity of past or expected
sensation or distress, past use of a relaxation technique,
hours in surgery, incision length, location, or direction,
PCA milligrams of morphine equivalent used during each
test and number of subjects with PCA or other opioids on
board. Only pretest sensation and distress scores were cor-
related with ambulation and rest post-test scores and thus
were used as covariates,r = 0.44–0.86, allP = 0.000.

3.2. Overall multivariate contrasts

While controlling for pretest sensation and distress,
MANCOVA using orthogonal a priori contrasts indicated
that on contrast 1 the three treatment groups taken together
had significantly less post-test pain than the controls at all
post-tests during ambulation and rest on both days (Table
2). Comparison of the combination group to the relaxation
and music groups together on contrast 2 indicated that only
at day 1 rest did subjects using the combination have sig-
nificantly less post-test pain than those using the individual
treatments of relaxation and music,F(2, 451)= 2.96, P =
0.027. On contrast 3 no significant difference was found
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between the relaxation and music groups on any test.1 Uni-
variate ANCOVA confirmed the multivariate analyses on
contrasts 1 and 2 (Table 2).

3.3. Effect on pain: overall multivariate post-hoc results

Post-hoc MANCOVA showed that each treatment group
had significantly less pain than the control group (Table 3).
Persons who used relaxation had significantly less pain than
the controls on six of the eight post-tests; the exceptions
were the post ambulation tests on days 1 and 2. Persons
who used music had significantly less pain than the control
group at seven post-tests, the only exception being the post-
ambulation test on day 2. However, persons who used the
combination tape had significantly less pain than the con-
trols on all tests. In contrast 2 post-hoc MV tests comparing
the combination group to either the relaxationF(2, 220)=
2.31,P = 0.051, or the music groupF(2, 226)= 1.88,P =
0.078, did not reach significance at day 1 rest.

3.4. Effect on sensation or distress: univariate post-hoc
results

Post-hoc UV ANCOVA of sensation and distress on con-
trast 1 (Table 3) confirmed the MV post-hoc analyses for all

treatment versus control group tests except for two mixed
examples of Rao’s paradox. After ambulation on day 1,
sensation did not significantly differ between the relaxation
group and the controls,P = 0.172, but distress did,
P = 0.035. On day 2 after ambulation, distress did not sig-
nificantly differ between the music group and controls,
P = 0.051, but sensation did,P = 0.013. In each paradox,
the significant UV factor was not strong enough to carry the
other to MV significance, but it was present.

The UV post-hoc analysis of covariance comparing the
combination versus the individual interventions at day 1 rest
failed to confirm the non-significant MV post-hoc analyses;
significance was found on three of the four tests. Compared
with the relaxation group, the combination had significantly
less sensationF(1, 228)= 3.75,P = 0.027, and less distress,
F(1, 222)= 3.84, P = 0.026; however, compared with the
music group, the combination had significantly less distress,
F(1, 222)= 4.06,P = 0.023, but the lower sensation score
was not significant. Three independent differences are there,
but fail to carry the post-hoc MV test to significance.

3.5. Magnitude of differences

The magnitude of differences in means between treat-
ment and control groups is of clinical interest. Significant
mean differences between treatment and control groups,
adjusted for pretests, ranged from 3.64 mm for sensation
and 4.21 mm for distress on day 2 post ambulation to 8.12

Table 1

Group means and standard deviations of sensation and distress scores (N = 500)

Day 1 Day 2

Relaxation Music Combination Control Relaxation Music Combination Control
n = 82a, 116b n = 89, 122 n = 80, 109 n = 89, 111 n = 98, 109 n = 100, 118 n = 97, 107 n = 106, 109

Data points M± (SD) M ± (SD) M ± (SD) M ± (SD) M ± (SD) M ± (SD) M ± (SD) M ± (SD)

Sensation
Ambulation

Preparatory 43 (25) 45 (25) 44 (24) 38 (25) 34 (25) 33 (26) 34 (23) 33 (24)
Post preparatory 32 (23) 36 (26) 36 (24) 39 (25) 28 (24) 27 (24) 29 (22) 33 (24)
Post ambulation 47 (26) 44 (27) 45 (26) 47 (24) 37 (24) 32 (26) 32 (23) 37 (26)
Post recovery 33 (25) 34 (26) 35 (25) 38 (25) 26 (23) 25 (24) 25 (20) 30 (24)

Rest
Pre rest 45 (26) 45 (27) 47 (25) 44 (25) 36 (25) 35 (25) 31 (22) 29 (22)
Post rest 34 (26) 33 (26) 32 (21) 39 (26) 27 (22) 25 (23) 22 (20) 29 (23)

Distress
Ambulation

Preparatory 35 (26) 38 (28) 38 (25) 36 (26) 32 (28) 30 (28) 30 (24) 32 (25)
Post preparatory 27 (24) 31 (27) 30 (25) 38 (26) 25 (24) 24 (24) 24 (21) 31 (24)
Post ambulation 39 (28) 37 (27) 38 (28) 45 (26) 31 (25) 29 (26) 27 (23) 34 (26)
Post recovery 25 (23) 29 (27) 28 (25) 34 (26) 22 (25) 21 (24) 22 (20) 27 (24)

Rest
Pre rest 42 (29) 38 (28) 42 (27) 42 (30) 32 (27) 31 (26) 27 (24) 27 (23)
Post rest 30 (27) 28 (26) 26 (21) 36 (28) 23 (22) 23 (24) 19 (20) 28 (25)

an at ambulation.
bn at rest.

1 Similar results were found using multivariate contrasts with the 285
subjects who completed all four tests.
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mm for sensation and 9.81 mm for distress on day 1 post
preparatory. Differences at day 1 post ambulation, were
5.08 mm for sensation and 8.13 mm for distress. At post
rest, differences were 7.98 mm for sensation and 7.89 mm
for distress. Differences in pain were supported by signifi-
cantly lower radial pulse rate on day 2 at rest,P = 0.004,
and observed respiration rate,P = 0.001–0.004, in the treat-
ment groups compared to the controls after each test.

3.6. Mastery scores

Before surgery, mean mastery scores were 7.66 during
ambulation and 7.68 at rest, with 95 and 94% respectively,
achieving mastery. Postoperatively, the range during ambu-
lation was from 7.00 to 7.42 (SD= 0.75–1.07) with 75 to
92% achieving mastery; at rest the range was from 7.27 to
7.47 (SD= 0.77–0.88) with 84 to 92% achieving mastery.
Repeated measures ANOVA indicated that mastery scores
did not change differently over day 1 compared with day 2,
but did increase significantly from pretest to post-test during
rest on day 1,F(1) = 22.97,P = 0.000, and day 2,F(1) =
20.35,P = 0.000, and decreased significantly from post pre-

paratory to post ambulation on day 1,F(1) = 6.70, P =
0.001, and day 2,F(1) = 17.17, P = 0.000. Pairedt-tests
indicated that mastery scores returned to pretest levels
after the recovery from ambulation period.

4. Discussion

In the first 2 painful days following major abdominal
surgery, patients in the three treatment groups taken
together had significantly less post-test pain than those
in the control group at all data points during ambulation
and rest. Further, multivariate analysis showed that each
intervention resulted in less pain than the control group at
every point except after ambulation for the relaxation
group on both days, and for the music group on day 2
(Table 3). There were, however, some univariate effects
for relaxation and music after ambulation, and pain in
these two groups was effectively reduced during the pre-
paration (5 min) and recovery (10 min) phases of ambula-
tion, and during rest (15 min). In contrast, the
combination group showed MV and UV effectiveness in

Fig. 1. Mean sensation and distress scores at ambulation and rest on postoperative day 1 and 2 using 100 mm visual analogue scales. The preparatory measure
was the pretest; sensation and distress were then measured at three post-tests during ambulation (post preparatory, post ambulation, post recovery), and once
following rest (post rest). Prep, preparatory (pretest) measure; Post-prep, after 5 min preparation for ambulation; Post-amb, after ambulation; Post-rec, after
10 min recovery from ambulation.
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all phases of ambulation and rest. In addition, there was a
graded effect at Day 1 rest with the combination group
having significantly less pain than the relaxation and
music groups taken together. Mastery scores in this
study were related to activity, significantly increasing dur-
ing rest and decreasing during ambulation. Reminders to
focus on the tape may improve effectiveness during
ambulation. Health care professionals who prepare
patients for surgery are encouraged to discuss the impor-
tance of managing the pain with relaxation, music and the
combination, encouraging patient choice between the
modalities. We emphasize that all the interventions were
effective for sensation as well as distress, refuting the
notion that these methods reduce only distress (McCaffery
and Beebe, 1989).

4.1. Support of theory

The Good and Moore (1996) pain management theory
comprises three propositions stating that multimodal ther-
apy, attentive care and patient education are needed for
control of acute pain. The results of this study support

their multimodal proposition that non-pharmacological
adjuvants along with analgesic medications reduce pain
more than medications alone. Relaxation, music and their
combination reduced pain more than PCA at ambulation and
rest on the first 2 postoperative days. The mechanism of this
effect can probably be best explained by the gate control
theory: the perception of pain is decreased via ‘gates’, which
are numerous and diverse points of filtration, abstraction
and modulation of noxious input in the central nervous sys-
tem. The gates are influenced by cognitive and emotional
factors through descending inhibition systems (Melzack,
1982; Noordenbos, 1984; Jones, 1992).

The effect may occur through distraction, reduction of
tension and sympathetic modulation. When relaxation and
music distract the mind, the result is selective attention
mediated by the thalamus that alerts the prefrontal cortex
to the sound rather than to the painful input (Fuster and
Alexander, 1973; Willis, 1985), causing pain inhibition
(Fuster, 1980; Hardy, 1985). Relaxation and soothing
music reduce muscular and mental tension and thereby,
reduce sympathetic stimulation of the hypothalamus
(Beary and Benson, 1974; Melzack, 1982; Turner and Chap-
man, 1982; Standley, 1986) which activates endogenous
opiates in the central nervous system, reducing propagation
of pain impulses and modulating perception of the sensory
and affective components of pain (Vidal and Jacob, 1980;
Carr and Uysal, 1985; Goldstein, 1985; Tasher et al., 1987;
Culhane and Carstens, 1988). Concurrent reductions in
pulse and respiration in this study indicate that relaxation
or distraction reduces sympathetic activity as they reduce
pain. In addition, music is known to stimulate the sensory
cortex and the thalamus which have been found to inhibit
nociceptive neurons in the spinal cord (Vidal and Jacob,
1980; Andy, 1983; Dickenson, 1983; Yezierski et al.,
1983), and has been found to increase immune factors
(Lane and Olness, 1991).

Sears and Carroll (1998) have questioned the clinical
significance of small differences between relaxation and
control groups in pain studies. However, studies of acute
pain have large standard deviations due to differences in
patient responses to pain and analgesics (Tamsen et al.,
1982); these tend to diminish the mean effect. Differences
in pain of 4–0 mm found in this study are clinically signifi-
cant, since relaxation, music and the combination consis-
tently reduced both sensation and distress, two components
of pain endured by patients; and also reduced heart and
respiratory rates moderating sympathetic nervous system
activity. Therefore, listening to the tapes for longer periods
of time postoperatively may have significant cumulative
effects on stress and recovery. The effect was not con-
founded by strong opioid analgesics or by memory errors
associated with a retrospective pain measures; pain was
appropriately measured at the time it occurred (Feine et
al., 1998). However, after the last test on day 2, subjects
were asked to report the amount of relief provided by the
intervention, and 84% said it reduced their pain a moderate

Table 2

Contrast 1: multivariate and univariate analysis of covariance (N = 500)a

Day 1 Day 2

Post-tests F df P F df P

Multivariate – pain
Ambulation

Post preparatory 15.36 2, 333 0.000 10.45 2, 394 0.000
Post ambulation 5.63 2, 333 0.002 2.90 2, 394 0.028
Post recovery 5.43 2, 333 0.003 5.15 2, 394 0.003

Rest
Post rest 11.19 2, 451 0.000 22.23 2, 436 0.000

Univariate – sensation
Ambulation

Post preparatory 22.34 1, 339 0.000 20.14 1, 400 0.000
Post ambulation 4.50 1, 339 0.018 5.61 1, 400 0.009
Post recovery 10.14 1, 339 0.001 11.82 1, 400 0.001

Rest
Post rest 21.70 1, 457 0.000 34.16 1, 442 0.000

Univariate – Distress
Ambulation

Post preparatory 27.88 1, 339 0.000 16.32 1, 400 0.000
Post ambulation 10.66 1, 339 0.001 5.18 1, 400 0.012
Post recovery 10.56 1, 339 0.001 6.08 1, 400 0.007

Rest
Post rest 16.27 1, 457 0.000 43.64 1, 442 0.000

aNote, only contrast 1 is shown. It compares the three treatment groups
taken together to the control group. Contrasts 2 and 3 were not given
because only one of the tests was significant. Contrast 2 at Day 1 rest
was significant on multivariate,F(2, 451)= 2.96,P = 0.027, and univari-
ate post-hoc tests for sensation,F(1, 453)= 3.01,P = 0.042, and distress,
F(1, 453)= 5.60,P = 0.009.
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amount or a lot; this may have been an overestimation for
some of the four tests. However, these general perceptions
of relief at the exit interview do add support to the high
satisfaction with the interventions, that is, nearly all (91%)
said they would use a tape like this again if in pain, and 96%
would recommend it to others for surgery.

4.2. Comparison to other studies

4.2.1. Ambulation
These results are in sharp contrast to those of Good

(1995) (n = 21), who found at initial ambulation that none

of these tapes reduced sensation, distress, or anxiety of pain
after return to bed, although they were reported helpful
during the next 2 days. In the present study, with the same
tapes and comparisons, but with a larger sample at subse-
quent ambulations we found that the combination on both
days, and music on day 1 reduced pain, significantly more
than usual care at all three points: after preparation, after
ambulation and after recovery (Table 3), with mixed results
after ambulation for music on day 2 and for relaxation on
day 1.

In contrast to the present study, most investigations of the
effects of jaw relaxation on pain during ambulation were

Table 3

Post-hoc analysis of covariance (N = 500)a

Post-tests Relaxation versus control Music versus control Combination versus control

F df P F df P F df P

Multivariate post-hoc tests – Wilks F test
Day 1

Post preparatory 12.60 2, 333 0.000 8.97 2, 333 0.000 9.43 2, 333 0.000
Post ambulation 2.15 2, 333 n.s.* 5.36 2, 333 0.003 4.33 2, 333 0.007
Post recovery 4.57 2, 333 0.006 3.78 2, 333 0.012 3.20 2, 333 0.021
Post rest 4.65 2, 451 0.005 6.56 2, 451 0.001 13.05 2, 451 0.000

Day 2
Post preparatory 7.09 2, 394 0.001 7.22 2, 394 0.001 6.66 2, 394 0.001
Post ambulation 1.03 2, 394 n.s.** 2.17 2, 394 n.s.*** 3.92 2, 394 0.011
Post recovery 3.16 2, 394 0.022 3.44 2, 394 0.017 3.82 2, 394 0.012
Post rest 15.32 2, 436 0.000 14.44 2, 436 0.000 15.57 2, 436 0.000

Univariate – sensation
Day 1

Pre ambulation 21.84 1, 339 0.000 13.04 1, 339 0.000 10.36 1, 339 0.001
Post ambulation 0.90 1, 339 n.s.**** 6.02 1, 339 0.008 3.14 1, 339 0.035
Post recovery 7.10 1, 339 0.004 8.14 1, 339 0.003 5.02 1, 339 0.013
Post rest 8.02 1, 457 0.003 14.93 1, 457 0.000 22.63 1, 457 0.000

Day 2
Pre ambulation 12.77 1, 400 0.000 14.99 1, 400 0.000 11.86 1, 400 0.001
Post ambulation 0.51 1, 400 n.s.† 5.04 1, 400 0.013 7.77 1, 400 0.003
Post recovery 6.99 1, 400 0.005 7.47 1, 400 0.004 8.79 1, 400 0.002
Post rest 19.13 1, 442 0.000 24.27 1, 442 0.000 25.73 1, 457 0.000

Univariate – distress
Day 1

Pre ambulation 20.79 1, 339 0.000 16.05 1, 339 0.000 18.12 1, 339 0.000
Post ambulation 3.31 1, 339 0.035 10.82 1, 339 0.001 8.03 1, 339 0.003
Post recovery 9.19 1, 339 0.002 5.43 1, 339 0.010 6.40 1, 339 0.006
Post rest 7.66 1, 457 0.003 6.31 1, 457 0.006 21.32 1, 457 0.000

Day 2
Pre ambulation 11.71 1, 400 0.001 9.42 1, 400 0.001 10.95 1, 400 0.001
Post ambulation 1.58 1, 400 n.s.†† 2.71 1, 400 n.s.††† 6.84 1, 400 0.005
Post recovery 4.13 1, 400 0.022 5.13 1, 400 0.012 2.85 1, 400 0.046
Post rest 30.98 1, 442 0.000 27.02 1, 442 0.000 29.76 1, 442 0.000

aNote, only the differences between each treatment group and the controls are shown. Day 1 rest multivariate post-hoc differences were not significant
between the combination group versus the relaxation or the music group,F(2, 226)= 1.88,P = 0.08. Day 1 rest univariate differences did not confirm the
MV tests. Compared with the relaxation group, the combination group had significantly less sensation,F(1, 228)= 3.75,P = 0.027, and less distress,F(1,
222) = 3.84,P = 0.026. Compared with the music group, the combination had significantly less distress,F(1, 222)= 4.06,P = 0.023, but the lower sensation
scores were not significantly different.
*P = 0.059; **P = 0.147; ***P = 0.058; **** P = 0.172,†P = 0.238;††P = 0.105;†††P = 0.051; n.s., not significant.
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conceptualized and analyzed univariately, therefore making
comparisons complex. Ceccio (1984) (n = 10) found that
jaw relaxation reduced both components of pain after initial
turning, but Mogan et al. (1985) (n = 40) found relaxation
reduced only distress after ambulation; two others had posi-
tive or negative results, respectively, but did not randomize,
or provide pretest control (Flaherty and Fitzpatrick, 1978;
n = 21; Horowitz et al., 1984;n = 15). Inconsistent results
may be due to small samples and methodological problems.

4.2.2. Rest
The three interventions together reduced multivariate

pain, significantly more than the controls at rest on both
days (Table 2). In addition, there was a graded effect: the
combination treatment was significantly more effective than
the individual interventions at day 1 rest. The post-hoc UV
findings at rest were similar to (Levin et al., 1987) who used
Benson’s relaxation technique, (Locsin, 1981, 1988) who
used preferred music to reduce pain behavior, and Mullooly
et al. (1988) (n = 11), who used easy listening music and
found effects for both components of pain on day 2, and
only for distress on day 1. Group sizes of.100 (Table 1)
were probably the reason the findings were more positive
than those in small preliminary studies. Several investiga-
tors found the interventions reduced only the affective com-
ponent of pain at rest (Mogan et al., 1985;n = 40; Wells,
1982;n = 6; Wilson, 1981;n = 18) or music reduced dif-
ferent pain components on different days (Good and Chin,
1998; n = 16), or had no significant results for relaxation
(Voshall, 1980;n = 15); or for music in the recovery room
(Heitz et al., 1992;n = 20) (Heiser et al., 1997;n = 5) or
following cardiac surgery (Zimmerman et al., 1996;n = 26).
In future studies, relationships between duration of use,
relief and occurrence of side effects and complications
should be explored, along with effects of relief on stress
and immune responses. These interventions should be tested
with other kinds of pain: chronic, cancer and procedural
pain across age groups, and in the critically ill.

In conclusion, these data strongly support recommenda-
tions by the Acute Pain Management Guideline Panel
(1992) to add non-pharmacological interventions, such as
relaxation, music, or their combination to pharmacological
treatment of pain during ambulation and at rest on post-
operative days 1 and 2. Both sensation and distress were
significantly reduced, and these results were not confounded
by opioids. Greater effectiveness was demonstrated for the
relaxation and music combined over the individual interven-
tions at day 1 rest, but patient preference may be important
as well. Control of postoperative pain with these interven-
tions after major surgery may also reduce opioid side effects
and may hasten recovery.
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