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ABSTRACT

Objective: To determine whether a specific muscle energy technique had an

effect on the vertical range of opening of the mandible-«ofthe“TMJ compared to

therapeutic jaw exercises and non-interyention control*group.

Subjects: Twentyone (N=21) participants aged.at least 18 years were recruited into the

study via notices pinned up in the Victoria university teaching clinic.

Design: Participants were randomlyallocated in to a group to receive an application of a
specific isometric MET, a therdpeutic jaw exercise or a non-intervention control group.
Baseline measurements.ofjaw opening distance were obtained from the groups prior to
the application of any therapy. All groups completed a temporomandibular dysfunction
symptom checklist to determine the symptoms of temporomandibular joint dysfunction,
immediately before the intervention 30 minutes after the application of the therapeutic
jaw exercises and one week post intervention. A questionnaire to determine the patients’
own perception of pain was administered prior to the intervention, immediately

after, 30 minutes following and one week post intervention. In this study only the

outcome on range of jaw opening is discussed.

Setting: Victoria University teaching clinic



Data analysis: Three separate ANOVAs were used for each variable (jaw
opening, pain and symptom score) they were conducted to test for differences
between the groups. Analysis of jaw opening utilized a 3 x 6 (group x time)
ANOVA while pain and symptoms used 3 x 3 (group x time) ANOVAs.
Significance was set at P < 0.05. A power analysis of previous research' has

indicated a very large effect size (Cohen’s = 1.3) for jaw opening.

Results: The results of this study indicate that MET and therapeutic jaw exercises

are useful techniques in improving TMJ range of opening (P= 0.000).

Conclusions: Within the limitations of the study, the results support the
hypothesis that the application of a specific Osteopathic treatment, in this case
MET and therapeutic jaw exercises can improve the range ‘of opening in the TMJ.
The results of this study provide a basisforfurther research as they present

valuable outcomes for Osteopaths treating jaw dysfunction.

Key Indexing Terms: MET, temporomandibular dysfunction, osteopathic

treatment, therapeutic jaw exercises.



INTRODUCTION

Temporomandibular dysfunction comprises a constellation of signs and symptoms
including joint tenderness and pain on function, restricted jaw movement, clicking, jaw
locking and tenderness in the muscles of mastication.” Hypertonicity of the primary
muscles of mastication (temporalis, masseter, medial and lateral pterygoids), regardless
of aetiology, may reduce the mobility of the temporomandibular joint (TMJ) resulting in
a restricted range of mouth opening. This restriction is one of the signs of
temporomandibular dysfunction, as is pain, locking, headaches and tinnitus. Studies have
reported that as much as 75% of the general population will have some type of TMD® and
it is estimated that more than 85 to 90% of people,will display-one or more of the TMD

symptoms in their lifetime.*>°
The measurement of motion at the TMJ

Range of mouth opening measured using an,inter-incisal or linear technique, involving
the measurement of the distance between the incisal surface of a mandibular central
incisor and the corresponding maxillary central incisor edge when the mouth is
maximally opened, has been‘used extensively in research conducted by Carlson.” In
previous research it had been determined that the measurement should include the
amount of overlap between the upper and lower central incisors when in the occlusal
position, plus the inter-incisally measured range of opening.®*'> Because this study was an
investigation of functional mouth opening ability the inter-incisal measure was the most
appropriate measurement method. It is inexpensive, non-invasive, easy to use and
applicable for use in general practice.” An inter-incisal distance of less than 40mm

8,9,11,12,16,17

represents a restricted range of motion while normal range of mandibular



opening is expected to be between 45 and 60mm for males, and 40 to 55mm for
females.'® Mandibular opening should be free of joint noise, smooth and without

deviation.®
Treatment of TMD modalities

Surgical, dental, pharmacological and physical therapy modalities have all been used
previously to treat TMD. Manual therapy, be it osteopathy, chiropractic or physiotherapy
aims to relieve pain, restore function, and prevent recurrence of pain and dysfunction by
reducing muscle spasm, inflammation, and regaining normal range of motion of at least

40mm of mandibular opening in people suffering TMD. %"

Manual'therapy treatment
protocols have included transcutaneous electrical nerve stimulation (TENS), microcurrent
electrical nerve stimulation (MENS), moist/decprheat, vapocoolant sprays, ultrasound,
cryotherapy, mobilization, therapeutic exercises, laser therapy, iotntophoresis,
phonophoresis, electroacupunctureand biofeedback with varying degrees of

SUCCGSS.2’13’14’18’20-26

Therapeutic Jaw Exercises

Muscle exercises are of great value in the treatment of TMD. Therapeutic manual therapy
and exercises have yielded favourable results in the rehabilitation of TMD.'***2
Stretching exercises are designed to increase the range of motion of the mandible. The
purpose of exercises for the masticatory system are (1) to achieve relaxation of tense
muscles, (2) to retain coordination and rhythmic muscle function, (3) to increase
mandibular range of motion (isotonic exercises) (4) to increase muscular strength

(isometric exercises). Such activity stimulates the muscle spindles and Golgi tendon

organs reducing excessive activity. The principle is that when a muscle is actively



contracted, its antagonists are reflexly relaxed. Therefore opening the mouth against
resistance tends to relax contracted elevator muscles and vice versa for opening muscles.
The fact that physical therapy is non-invasive and does not appear to be fraught with
irreversible changes makes it a very applicable vehicle in the area of clinical TMJ

dysfunction management.'>*’

Muscle Energy Technique

Muscle energy (MET) is a technique whereby the patient actively uses their muscles
against a counterforce produced by the practitioner. The practitiofier.controls the
intensity, timing and direction. According to Greeninan®®, MET can be used to “lengthen
a shortened, contracted or spastic muscle;, to strengthen'a physiologically weakened
muscle or group of muscles; to reduce.localized'oedema and relieve passive congestion
(the muscles are the pump of the lymphaticyand venous systems); and to mobilize an

articulation with restricted mobility’*

They are used primarily by osteopaths to treat muscles with excessive tension that limit

joint motion. >

However, treatment of the TMJ using MET has not commonly been
documented, although it may have a beneficial outcome on the limited range of motion
frequently associated with TMD.' Malone’ advocates the use of “hold — relax” techniques

(similar to muscle energy technique) on the mandibular elevators (masseter, temporalis,

and medial pterygoid) to improve functional mobility of the TMJ, and range of mouth



opening. MET treatment of the TMJ must be considered as a valid treatment approach for

TMD if it can be shown to improve functional range.

The present study examines whether a specific muscle energy technique would have an
effect on the vertical range of opening of the mandible, pain and dysfunction of the TMJ

compared to therapeutic jaw exercises and non-intervention control group.



METHODS

Participants

Volunteer participants (N = 21) with a restricted mandibular range of motion of 40mm or
less measured inter-incisally were recruited for the study. Symptomatic and
asymptomatic participants (age:26.14 +£10.41 range = 19 — 58 years, , males = 7, females
=14) were recruited from the student osteopathic teaching clinic at Victoria University.
Volunteers were excluded if they had been previously diagnosed with a systemic
arthropathy such as Rheumatoid Arthritis, or malignant tumoursiof'the face or jaw;
previous history of jaw or TMJ surgery or fracture; or havethad.dental/orthodontic
treatment in the past seven days.">'® Allwolunteersssigned informed consent prior to
participating and the Victorian University Human Research Ethics Committee approved

the study.

Procedure

Mandibular range of opening was measured inter-incisally, and not including the degree
of overlap between the teeth when in the closed position. This involved a measurement
being taken with a transparent ruler as the participant opened their mouth to the
maximum possible distance. The distance between the edges of the upper central incisors,

and the lower central incisors was determined as the inter-incisor range of opening.”*

11,16,17



Measurements of jaw opening were made pre intervention, immediately after, 5 minutes,

10 minutes, 20 minutes, 30 minutes and one week after the application of the intervention

The participants were then allocated into three groups via randomised computer
allocation, (i.e. group A — control group, group B -MET intervention group, group C —
therapeutic jaw exercises) each with an equal number of participants. The control group

did not receive any treatment.

The MET technique used in this study involved the treating practitioner placing gloved
thumbs on the lower molars on both sides of the participant’s jaw, whilst the participant
lay supine with the mouth open. The participant was asked.to attempt closing the jaw
using 20% of their total effort as the practitioner provided an equal resistance with the
thumbs, so that no movement occurred. The treating practitioner instructed the participant
to ensure that the force of contraction was-approximately 20% of their total effort and
was not excessive or likely to causepain or muscle soreness. After a five second
contraction, the participant relaxed the jaw muscles, and then the practitioner gently
opened the jaw to the maximal distance possible and the participant was again asked to
attempt closing the jaw using 20% of their total effort. This contract-relax procedure was

. 1,29
repeated five times.



The therapeutic jaw exercises used in this study included stretching;.guided opening and
closing movements and manual opening of the jaw.?At the start of the treatment period all
participants were given a presentation and practical demonstration of the exercise
programme by the treating practitionier. Patient used a clenched fist under the jaw to
provide resistance to opening. With fingers;holding lower teeth, patient resisted closing
the mouth. Using a clenched fist held-on the side of the jaw, the patient resisted side
movement (lateral excursion), By placing the thumb on the top row of teeth and index
finger on lower teeth the patient actively stretched the mouth open. All movements were
held for a couple of seconds. All movements were repeated 10 times to complete one set.

. . . . 182
Five sets were required for each movement. This regime occurred once.'™*°
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The treating practitioner instructed the participant to ensure that the force of contraction

was approximately 20% of their total effort and was not excessive or likely to cause pain

or muscle soreness.

The non intervention group had measurements of jaw ‘opening taken. Participants were
asked do lie on a treatment table, in a’comfortable position. Measurements of jaw
opening were made again 5, 10, 20 and 30 minutes later. Measurements were taken one
week post testing date. They receivedno therapeutic intervention. A measure to
determine the patients own perception of pain was administered prior to the non

intervention, immediately after, 30 minutes following and one week post intervention.

All treatments were performed in the student osteopathic clinic at Victoria University. All
measurements were taken with the subject lying supine on the treatment table, while the

investigator stood to the right hand side.
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ANALYSIS OF DATA

All range of opening data is expressed as mean (M) + standard deviation (SD). A split
plot ANOVA was used to assess changes within and between groups and analysed using
SPSS version 12.0. Further analysis to determine differences between groups at 30
minutes and 1 week post intervention was achieved by ANCOVA using pre-intervention
scores as the covariate. Effect sizes for groups are reported as _* and significance was set

at P < 0.05.

RESULTS

All volunteers completed the treatment and no adverse events were reported for any of
the interventions. There was no significant difference between groups for mean range of
jaw opening pre test (F = 0.545 P =0.589) although the MET group did have a mean
score about 1 cm lower than the other two groups. Mean range of opening for all subjects
pre intervention was 37.95 + 3.06 cm. It was observed that there was a significant mean
increase in jaw opening ovet time(F=13.93 P=0.000). This is highlighted in figure 1,
which represents the range of jaw opening before and after the MET procedure,

therapeutic jaw exercise and control.
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Figure 1.

The ANCOVA analysis demonstrated a significant difference between groups at 30
minutes (F =3.611 P = 0.049) and one week (F = 16.188 P = 0.000) post intervention.
Further Post Hoc analyses showed that for the 30 minute time interval the difference
occurred between the therapeutic jaw exercises and control groups (P = 0.016) while at
one week post intervention the difference occurred between the control and the
therapeutic jaw exercise groups (P = 0.000) as well as the control and MET groups (P =
0.000). This is represented by a percentage of change between pre intervention and 30

minutes of 10.71% in the therapeutic jaw exercise group and a 7.72% change for the

13



MET group. The control group displayed a change of 3.32%. The percentage of change
demonstrated at 7 days post intervention was 13.48% in the therapeutic jaw exercise
group and 13.90% for the MET group. The control group showed a change of 1.11%. All
percentage mean differences and standard mean deviations are reported in tables 1 and 2

below.

Table 1

Percentage change between pre intervention scores and 30 minutes post intervention

mean % change % standard deviation
THE 10.71 337
MET 7.72 3.90
Control 3.32 1.11
Table2

Percentage change between pre intervention scores and 7 days post intervention

mean % change

% standard deviation

THE 13.48 36.85
MET 13.90 46.03
Control 1.11 24.63




DISCUSSION

The results of this study suggest that a specific isometric muscle energy technique to the
muscles of mandibular elevation and the application of therapeutic jaw exercises can

improve the range of jaw opening in persons with restricted jaw movement.

Immediately post intervention both TMJ and TJE groups had an increase in range of jaw

opening of 4mm and 3mm respectively.

It is interesting to note that in the TJE group-the.range of motion actually decreased at the
20 minute interval. An explanation for this.could beattributed to muscle fatigue and
micro tearing of the muscles of mastication due.to repetitive motion under load. This

theory is supported by Pertes'® and Magnusson.*®

Both the MET group and the TJE group all had an increased range of motion sustained
for 7 days post intervention of greater than Smm. The control group also had an increase
in range of motion immediately post intervention; this was sustained at the 20 and 30
minute intervals but was all but lost 7 days post. It is possible that an increase in range of
motion is achieved by simply repeatedly opening the jaw. This is not as significant when

compared to the interventions.
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The present study measures range of motion of the TMJ using < 40 mm of opening as a
guide to dysfunction. In contrast other studies have focused on pain or the completion of
the temporomandibular dysfunction checklist as an indication of dysfunction or a

combination of all three.*

Pain is the most common presenting complaint and the most difficult to evaluate it is an
unpleasant sensory and emotional experience that is always subjective and therefore

33,34

difficult to measure.””" The assessment of temporomandibular dysfunction using a check

list strongly involves subjective data making it difficult to obtain reliable results.”

In comparison measurement of the range of motion of the temporomandibular joint using
a plastic ruler and the protocol described in text involves objéctive measurements

demonstrated to be reliable.'®

Physical therapy modalities aim to improve the tange of opening to a liner measure
greater than 40mm.>® This was supported-n, the current study by an increased in jaw
opening of 13.48% in the TMJ group-and by 13.90% in the MET group over a seven day
period. It is previously reported that a multi disciplinary approach to TMD is of the

greatest benefit to the patient.”'**’!

CONCLUSION

This study shows that applications of either a specific MET for the muscles of the TMJ or
specifically designed TJE produce an increase in range of motion in the TMJ. The MET
application was ultimately mildly more effective being sustained 7 days post intervention

however both seem to be useful in the treatment of TMD and should be practiced with

16



caution in the clinical setting until further studies demonstrate the clinical effectiveness of
the combined use of these treatment modalities in both asymptomatic and symptomatic

populations.
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Attachment A
Victoria University

INFORMATION TO PARTICIPANTS:

PROJECT TITLE

“The effect of a specific isometric muscle energy technique on the range of opening of the
temporomandibular (jaw) joint: a control study”.

INVESTIGATORS

PURPOSE AND PLAN OF THE STUDY

This study aims to investigate an osteopathic technique, called muscle energy. in the treatment of
restricted jaw movement and pain. If you agree to participate in this study, you will be tested for a
limited range of opening of the jaw. This involves opening the mouth and having the distance between
the upper and lower teeth measured with a plastic ruler (inter-incisal measurement). If you are found to
have less than or equal to 40mm of opening you will be asked to complete a temporomandibular
symptom checklist regarding any jaw symptoms you may be experiencing, and a diagram that indicates
the level of pain you have in the jaw, called a visual analogue pain scale,

The investigator will demonstrate and teach you how to participate in a muscle energy technique.
Wearing gloves, the treating practitioner will place her thumbs along the lower molars on each side of
the jaw, and gently open the mouth to the maximal opening distance available. You will be instructed to
attempt to close the jaw using only an approximate. 20% of your total effort possible. Contractions will
be held for five seconds after which time the practitioner will tell you to relax the jaw, and will then
gently open the mouth further to the maximal distance available. This contract relax procedure will be
repeated a total of five times. The treating practitioner will instruct the participant to ensure that
the force of contraction is approximately 20% of their total effort and is not excessive or likely to
cause pain or muscle soreness.

Following the muscle energy treatment, another measurement of jaw opening will be taken. You will be
asked to complete a second visual analogue pain scale. More measurements of jaw opening distance
will be taken five minutes, ten minutes, twenty minutes and thirty minutes following the muscle energy
technique. After thirty minutes, a second temporomandibular symptom checklist and a third visual
analogue pain scale will be completed. The whole procedure will take approximately 45 minutes.

All temporomandibular symptom checklists, pain scales and measurement recordings, will be
numerically coded to ensure your confidentiality is maintained. Only the investigators will have access

to this information.

| POTENTIAL RISKS AND SAFETY.

1. Some temporary discomfort may be experienced in the jaw or muscles surrounding the jaw during
the muscle energy technique as a result of muscle contraction and / or stretch. All participants are
instructed to raise their hand if they would like the procedure to stop in order to provide verbal
feedback. The technique can then be adjusted to reduce any discomfort, or stopped if the
participant so wishes.

77



2. Itis possible that participants who have previously suffered from locking of the jaw in either an
open or closed position may experience a temporary locking of the jaw. In the case of a lock of
the jaw, a registered osteopath will apply soft tissue treatment and will gently ease the jaw back to
a normal position. Appropriate medical care will be sought if necessary.

s

Some participants may have psychological issues associated with manipulative techniques in
which the practitioner’s hands are placed in the mouth. Such participants can choose not to be
involved in the study.

4. The risk of infection transmission between patients has been considered, and is highly unlikely as
the treating practitioner will be using a new pair of gloves for every participant.

POTENTIAL BENEFITS TO PARTICIPANTS AND OSTEOPATHS.

There is little documented evidence for the use of muscle energy techniques in the treatment of jaw
movement restriction, and pain. This study will investigate the efficacy of such procedures. It has
potential benefits to sufferers of jaw problems, as it will assist in the discovery of the optimal
management of jaw complaints, to provide the best results for the osteopath’s patients. The research will
be useful to the osteopathic community, providing a starting point for the validation of muscle energy
techniques for the jaw. It will help osteopaths to find the most effective treatment of jaw complaints. The
findings of this study will be a base for further work into this area, helping osteopaths to substantiate
their means of treatment.

VOLUNTARY PARTICIPATION

Your participation in this study is entirely voluntary. You are free to withdraw from the study at any
time, for any reason.

elhrec\formsethform 1 - OCT99 version Page 16 0f 20
E:\Mats copy 2.ntf
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CONFIDENTIALITY

All temporomandibular dysfunction symptom checklists, pain scales, and measurements will be
numerically coded, and will only be accessible to the investigators, ensuring confidentiality is

maintained.

QUESTIONS

You are free to ask questions or discuss any issues that may arise, at any time throughout the study. All
questions should be directed to either:

[f you have any questions regarding ethical issues, or issues regarding
your rights, please contact the Secretary of the Human Research Ethics
Committee, Victoria University of Technology, PO Box 14428 MCMC,
Melbourne, 8001. (Phone: 9688 4710).

ethreciformsiethform] - OCT99 version Page 17 of 20
E:\Nats copy 2.nf
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ATTACHMENT B
Victoria University of Technology

Consent Form for Subjects Involved in Research

INFORMATION TO PARTICIPANTS:

We would like to invite you fo be a part of a study into the effect of specific muscle energy techniques
on the vertical range of opening of the mandible, pain and dysfunction of the TMI compared to
therapeutic jaw exercises and non-intervention control group.

CERTIFICATION BY SUBJECT

I
of, (address)

certify that I am at least 18 years old* and that I am voluntarily giving my consent to participate in the
study entitled: The effect of a specific isometric muscle energy technique on the range of opening, pain
and dysfunction of the temporomandibular joint. A control study being conducted at Victoria University
of Technology by:

I certify that the objectives of the study, together with any risks and safeguards associated with the
procedures listed hereunder to be carried out in the research, have been fully explained to me by:

and that | freely consent to participation involving the use on me of these procedures.

Procedures:

The participant will have the opening range of their jaw measured, followed by completion of a jaw
dysfunction checklist and a diagram that indicates the level of pain at present. This will be followed by
reatment with a technique (MET, therapeutic jaw exercise or no treatment).

The following potential risks have been explained to me;

- Some temporary discomfort may be experienced in the jaw or muscles surrounding the jaw
during the muscle energy technique as a result of muscle contraction and / or stretch.

- Itis possible that if I have previously suffered from locking of the jaw in either an open or
closed position, I may experience a temporary locking of the jaw.

- I'may have psychological issues associated with manipulative techniques in which the
practitioner’s hands are placed in the mouth, in which case I can inform the investigators or
chose to withdraw from the study.

- The risk of infection transmission between patients has been considered, and is highly
unlikely as the practitioner will be using a new pair of gloves for every participant,

certify that I have had the oppartunity to have any questions answered and that I understand that I can
vithdraw from this study at any time and that this withdrawal will not jeopardise me in any way.

have been informed that the information I provide will be kept confidential.

IBHEHY suesporsmaumssssrissi minsas s }

Vitness other than the researcher; . Dates v isaiss

Ay queries about your participation in this project may be directed to the researcher (Name). If vou
ave any queries or complaints about the way you have been treated, you may contact the Secretary,

niversity Human Research Ethics Committee, Victoria University of Technology, PO Box 14428
ICMC, Melbourne, 8001 (telephone no: 03-9688 4710).
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General Linear Model

Warnings

Box's Test of Equality of Covariance Matrices is not computed because there are
fewer than two nonsingular cell covariance matrices.

Within-Subjects Factors
Measure: MEASURE_1

Dependent
Variable

ROMPre
ROMO
ROMS5
ROM10
ROM20
ROM30
ROM1wk

3
]

b B = R S VU S T =

Between-Subjects Factors

Value Label N
Group 1.00 Ex 7
2.00 MET 7
3.00 Control 7
Descriptive Statistics
Group Mean Std. Deviation N
ROMPre  Ex 38.1429 3.67099 7
MET 37.0000 3.69685 7
Control 38.7143 1.49603 7
Total 37.9524 3.05739 21
ROMO Ex 41.4286 3.82349 7
MET 41.2857 3.68394 T
Control 39.8571 2.03540 7
Total 40.8571 3.19821 21
ROMS Ex 41.0000 3.829M 7
MET 40.8571 6.76827 ¥4
Control 39.2857 1.79947 T
Total 40.3810 444383 21
ROM10 Ex 41.1429 3.80138 7
MET 40.5714 5.31843 7
Control 39.0000 1.91485 7
Total 40.2381 3.87175 21
ROM20 Ex 38.7143 468025 7
MET 39.8571 4.94734 7
Control 39.8571 2.91138 7
Total 39.4762 4.09413 21
ROM30 Ex 42,1429 3.48466 7
MET 39.8571 448808 7
Control 40.0000 3.16228 7
Total 40.6867 3.71932 21
ROMiwk  Ex 43,2857 5.02375 7
MET 42 1429 5.39841 7
Control 39.1429 1.86445 7
Total 41.5238 4.53452 21




Multivariate Testsd

Effect Value E Hypothesis df Error df Sig.

time Pillai's Trace .865 13.925° 5.000 13.000 .000
Wilks' Lambda .135 13.925P 6.000 13.000 .000
Hotelling's Trace 6.427 13.925P 6.000 13.000 .000
Roy's Largest Root B8.427 13.925P 6.000 13.000 .000

time * Group Pillai's Trace 1.157 3.200 12.000 28.000 .005
Wilks' Lambda 158 3.287° 12.000 26.000 .005
Hotelling's Trace 3.342 3.342 12.000 24.000 006
Roy's Largest Root 2.566 5.987°¢ 6.000 14.000 .003
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Multivariate Tests®

Partial Eta Noncent. Observed

Effect Squared Parameter Power”
time Pillas Trace 885 83.552 1.000
Wilks' Lambda 865 83.552 1.000
Hotelling's Trace .B65 83.552 1.000
Roy's Largest Root 865 83.552 1.000
time * Group  Pillai's Trace 578 38.401 .961
Wilks' Lambda 603 38.438 962
Hotelling's Trace 626 40.108 .958
Roy's Largest Root 720 35.922 870

a. Computed using alpha = .05
b. Exact statistic
¢. The statistic is an upper bound on F that yields a lower bound on the significance level

. Design: Intercept+Group
Within Subjects Design: time

Mauchly's Test of Sphericity®
Measure: MEASURE_1

Approx.
Within Subjects Effect | Mauchly's W Chi-Square df Sig.
time .054 46.017 20 001

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix

Mauchly's Test of Sphericity®
Measure: MEASURE_1

Epsilon®
Greenhouse
Within Subjects Effect -Geisser Huynh-Feldt | Lower-bound
[ time .552 766 167

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.
a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed
in the Tests of Within-Subjects Effects table.
b.
Design: Intercept+Group
Within Subjects Design: time



Measure: MEASURE_1

Tests of Within-Subjects Effects

Type lll Sum
Source of Squares df Mean Square F Sig.
time Sphericity Assumed 167.973 <] 27.985 8.082 .000
Greenhouse-Geisser 167.973 33N 50.730 8.052 .000
Huynh-Feldt 167.973 4.598 36.535 8.052 .000
Lower-bound 167.973 1.000 167.973 B.052 .011
time * Group  Sphericity Assumed 93.046 12 7.829 2.252 014
Greenhouse-Geisser 93.948 6.622 14.186 2.252 045
Huynh-Feldt 93.946 9.195 10.217 2.252 .025
Lower-bound 93.946 2.000 46.973 2.252 134
Error(time) Sphericity Assumed 375.510 108 3477
Greenhouse-Geisser 375.510 59.600 6.300
Huynh-Feldt 375.510 B82.757 4538
Lower-bo und 375.510 18.000 20.882
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Measure: MEASURE_1

Tests of Within-Subjects Effects

Partial Eta Noncent Cbserved

Source Squared Parameter Power”
time Sphericity Assumed 309 48.310 1.000

Greenhouse-Geisser 309 26.660 992

Huynh-Feldt 309 37.019 999

Lower-bound 309 8.052 765
time * Group  Sphericity Assumed 200 27.020 937

Greenhouse-Geisser 200 14.911 774

Huynh-Feldt .200 20.704 876

Lower-bound .200 4.503 .398
Error(time) Sphericity Assumed

Greenhouse-Geisser

Huynh-Feldt

Lower-bound

a. Computed using alpha = .05

Measure: MEASURE_1

Tests of Within-Subjects Contrasts

Type 1ll Sum
Source time of Squares df Mean Square F Sig.
time Linear 66.673 1 66.673 22.488 .000
Quadratic 2.468 1 2.468 393 539
Cubic 76.222 1 76.222 15.574 001
Order 4 16.357 1 16.357 5.134 036
Order 5 009 1 008 005 945
Order 6 6.241 1 6.241 3.650 072
time * Group  Linear 21.031 2 10.515 3.547 050
Quadratic 6.269 2 3.134 499 615
Cubic 43.349 2 21.675 4429 027
Order 4 1.474 2 J37 23 796
Order 5 10.430 2 5.215 2.860 .083
Order & 11.394 2 5.697 3.332 .059
Error(time) Linear 53.367 18 2.965
Quadratic 113.095 18 6.283
Cubic 88.095 18 4.894
Order 4 57.351 18 3.186
Order § 32.823 18 1.824
Order 6 30.779 18 1.710
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Measure MEASURE_1

Tests of Within-Subjects Contrasts

Partial Eta Noncent Observed
Source time Squared Parameter Power”
time Lingar 555 22.488 994
Quadratic 021 393 091
Cubic 464 15.574 | 961
Order 4 222 5.134 | 573
Order 5 .000 005 | 051
Order 6 169 3.650 440
time * Group Linear 283 7.093 583
Quadratic 053 .998 119
Cubic 330 8.857 686
Order 4 025 483 081
Order 5 241 5720 | 490
Order 6 .270 6.663 555
Error{time) Linear
Quadratic
Cubic
Order 4
Order 5
Order 6
a Computed using alpha = 05
Levene's Test of Equality of Error Variances®
[ df df2 | Sia.
ROMPre 1.330 2 18 | 289
ROMO 242 2 18 | 788
ROMS 1.113 2 18 | 350
ROM10 794 2 18 | 467
ROM20 864 2 18 | 438
ROM30 391 2 18 582
ROM 1wk 1.570 | 2 ‘ 18 235

Tests the null hypothesis that the error variance of the dependent variable is equal across groups.

a

Design: Intercept+Group

Within Subjects Design: time

Measure: MEASURE_1

Transformed Variable: Average

Tests of Between-Subjects Effects

Type 11l Sum Partial Eta
Source of Squares df Mean Square F Sig Squared
Intercept 237043.589 1 237043.599 2684 133 000 983
Group 50.340 2 25170 285 755 031
Error 1589.633 18 88313
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Measure: MEASURE_1
Transformed Variable Average

Tests of Between-Subjects Effects

Noncent Observed
Source Parameter Power”
Intercept 2684 133 1.000
Group 570 088
Error

a. Computed using alpha = 05

Post Hoc Tests

Group

Measure: MEASURE_1

Multiple Comparisons

Tukey HSD
Mean )
Difference 95% Confidence Interval
(1) Group _ {J) Group (I-J) Std. Error Sig. Lower Bound ] Upper Bound
Ex MET 6122 1.89858 944 42332 | 54577
Control 14286 1.89858 736 -3.4169 5.2741
MET Ex -8122 1.89858 944 -5 45877 42332
Control 8163 1.89858 904 -4.0292 5.6618
Control Ex -1.4286 189858 738 -5.2741 34160
MET -8163 | 189858 904 | -5.6618 4.0292

Based on observed means

Homogeneous Subsets

MEASURE_1
Tukey HSD?° ¢
Subset
Group N 1
Control 7 39 4082
MET 7 402245
Ex 7 40.8367
Sig. 736

Means for groups in homogeneous subsets are displayed
Based on Type Il Sum of Squares
The error term is Mean Square(Error) = 12 618,

a. Uses Harmonic Mean Sample Size = 7.000

b. The group sizes are unequal. The harmonic mean of the
group sizes is used Type | error levels are not guaranteed

c. Alpha = 05
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Oneway

Descriptives

ROMPre
i |
M | Mean Std. Deviation | Std Error

Ex 71 38 1428 367099 | 1.38750
MET 7| 37.0000 369685 | 139728
Control 7 38 7143 149603 | 56544
Total 21 37 9524 3.05739 | 66718
Maodel Fixed Effects 3.12948 68291

Random Effects 682918

Descriptives
ROMPre
95% Confidence Interval for | Between-
Mean | Component
Lower Bound Upper Bound Minimum Maximum Variance

Ex 34.7478 41.5380 o0 | 40 00
MET 33.5810 40.4180 3000 | 40.00
Control 37.3307 40.0879 3600 40.00
Total 365607 | 39.3441 3000 40.00 |
Model Fixed Effects 36 5176 39.3871 |

Random Effects 35.01412 40.89072 | -63719

a. Warning: Between-component variance is negative. It was replaced by 0.0 in computing this random effects

measure

Test of Homogeneity of Variances

ROMPre
Levene
Statistic df1 df2 Sig.
1.330 2 18 289
ANOVA
ROMPre
Sum of
Squares df Mean Sguare F Sig.
Between Groups 10,667 2 5.333 | 545 | 589
Within Groups 176.286 18 9754
Total 186.952 | 20 |

Post Hoc Tests
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Multiple Comparisons

Dependent Variable: ROMPre

Tukey HSD
Mean
Difference 95% Confidence Interval
([} Group _ (J) Group (1-J) Std. Error Sig Lower Bound | Upper Bound
Ex MET 1.14286 167278 776 -31263 | 54121
Control - 57143 167278 938 -4 8406 | 36878
MET Ex -1.14288 1.67278 776 -54121 ‘ 3.1263
Control -1.71429 1.67278 571 -5.8835 | 2.5549
Control Ex 57143 1.67278 938 36978 | 4 8406
MET 1.71429 167278 571 -2.5549 | 59835

Homogeneous Subsets

ROMPre
Tukey HSD?
Subset for
alpha =
.05

Group N 1
MET 7 37.0000
Ex 7 38.1420
Control 7 38.7143
Sia. 571

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 7 000,
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Univariate Analysis of Variance

Between-Subjects Factors

\Value Label | N
Group 100 Ex | 7
200 MET | 7
3.00 Control 7

Descriptive Statistics

Dependent Variable ROMO

Group Mean Std Deviation | N

Ex 41 4286 3.82349 | T
MET 41,2857 3.68394 | 7
Control 39.8571 2,03540 | 7
Total 40 8571 319821 | 21

Levene's Test of Equality of Error Variances?®
Dependent Variable: ROMO
[ F | dft | diz2 | Sig
l 1602 | 2 18 | 229 |

Tests the null hypothesis that the error variance of the dependent variable is equal across groups
a. Design: Intercept+ROMPre+Group

Tests of Between-Subjects Effects
Dependent Variable: ROMO

Type Il Sum | I [ Partial Eta
Source of Squares df | Mean Square F | Sig. Squared
Corrected Model 66 490° 3 22,163 2729 | 078 325
Intercept 45.183 1] 46183 | 5686 | 029 251
ROMPre 55.819 1) 55919 6.884 | 018 288
Group 21357 2 10678 1.315 | 295 134
Errar 138 081 17 | 8122 |
Total 35260.000 21 | ,
Corrected Total 204.571 20 | |

Tests of Between-Subjects Effects

Dependent Variable. ROMO

Noncent. Observed
Source Parameter Power”
Corrected Model 8188 .556
Intercept 5.686 614
ROMPre 6.884 696
Group 2629 245
Error
Total
Corrected Total

a. Computed using alpha = .05
b. R Sguared = 325 (Adjusted R Squared = .206)

Estimated Marginal Means
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Group

Estimates
Dependent Variable: ROMO
] | 95% Confidence Interval
Group Mean | Std Error | Lower Bound | Upper Bound
Ex a13212] 1078 | 35 047 43 5%
MET 41 8222 1.096 | 38509 44 135
Control 39 4282 | 1.090 | 37.128 41727

a. Covariates appearing in the model are evaluated at the following values ROMPre = 37 9524

Pairwise Comparisons
Dependent Variable ROMO

|
Mean 95% Confidence Interval for
Difference Difference®
(i) Group  (J) Group (-Jy Std. Error Sig ® Lower Bound | Upper Bound
Ex MET -.501 1543 749 -3.756 2755
Control 1.893 1.528 232 -1.331 5118
MET Ex 501 1543 749 -2 755 3756
Control 2.394 1.567 145 -912 5701
Control Ex -1.893 1528 232 -5.118 1.331
MET -2.394 1.5687 145 -5.701 912

Based on estimated marginal means
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments)

Univariate Tests
Dependent Variable: ROMO

Sumof | [ | [ Partial Eta

Squares df Mean Square | F | Sig Squared
Contrast 21.357 2 10678 1.315 | 295 134
Error 138.081 17 8.122 | |

The F tests the effect of Group This test is based on the linearly independent pairwise comparisons among the estimated
marginal means

Univariate Tests
Dependent Variable: ROMD

Noncent, Observed
Parameter | Power
Contrast 2629 245
Error

The F tests the effect of Group This test is based on the linearly independent pairwise comparisons among the estimated
marginal means

a Computed using alpha = .05
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Univariate Analysis of Variance

Between-Subjects Factors

Value Label M
Group 100 Ex 7
200 MET 7
3.00 Control 7

Descriptive Statistics

Dependent Variable: ROM30

Group Mean | Std. Deviation N
Ex 42.1429 | 3.48466 7
MET 39 8571 | 4 48808 7
Control 400000 318228 7
Total 40 6667 | 3.71932 21
Levene's Test of Equality of Error Variances?
Dependent Variable: ROM30
[ F [ ot T di2 | Sig ]
| 116 | 2] 18 891 |

Tests the null hypothesis that the error variance of the dependent variable 1s equal across groups
a Design’ Intercept+ROMPre+Group

Dependent Variable: ROM30

Tests of Between-Subjects Effects

Type Il Sum ] Partial Eta
Source of Squares df Mean Square | F Sig. Squared
Corrected Model 214 706" 3 71569 | 19636 000 776
Intercept 143 | 1 143 | 039 845 002
RCOMPre 191754 | 1 191 754 | 52611 000 | 756
Group 26 322 ‘ 2 13,161 ‘ 3611 049 | 208
Error 61961 | 17 3645 | !
Total 35006 000 | 21 i
Corrected Total 276 667 | 20 lI

Tests of Between-Subjects Effects
Dependent Variable: ROM30

MNoncent ‘ Observed
Source Parameter Power”
Corrected Model 58 @09 1.000
Intercept 039 ‘ 054
REOMPre 52611 | 1.000
Group 7222 I 587
Error [
Total !
Corrected Total |

a. Computed using alpha = .05

b R Sguared = .776 (Adjusted R Squared = 737)

Estimated Marginal Means
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Group

Estimates
Dependent Variable ROM30
95% Confidence Interval
Group Mean Std. Error | Lower Bound | Upper Bound
Ex 41.94482 722 40.421 | 43 468
MET 40 Sﬁﬂai 734 38301 | 42400
Control 39 2057 730 | 37686 | 40745

a. Covariates appearing in the model are evaluated at the following values ROMPre = 37 9524

Pairwise Comparisons

Dependent Variable: ROM30

Mean 95% Confidence Interval for
Difference Difference®
(1) Group  (J) Group (I1-J) Std. Error Sig.? Lower Bound | Upper Bound
Ex MET 1.094 1034 305 -1 087 | 3275
Control 2.739" 1.024 016 579 4 899
MET Ex -1.094 1034 305 -3275 1.087
Control 1.645 1.050 136 - 570 3.860
Control Ex -2.739% | 1.024 016 -4 899 -579
MET -1.645 1.050 136 -3 860 570

Based on estimated marginal means
*. The mean difference is significant at the 05 level
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments)

Univariate Tests
Dependent Variable. ROM30

Sum of | I Partial Eta

Squares df Mean Square | F Sig. | Squared
Contrast 26.322 2 13.161 36M 049 298
Error 51.961 | 17 3645 |

The F tests the effect of Group. This test is based on the linearly independent pairwise comparisons among the estimated
marginal means

Univariate Tests
Dependent Variable. ROM30

Noncent. | Observed
Parameter |  Power
Contrast 7222 | 587
Error |

The F tests the effect
marginal means

a. Computed using alpha = 05

of Group. This test is based on the linearly independent pairwise comparisons among the estimated
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Univariate Analysis of Variance

Between-Subjects Factors

Value Label N
Group  1.00 Ex 7
2.00 MET 7
3.00 Control 7
Descriptive Statistics
Dependent Variable: ROM 1wk
Group Mean | Std Deviation N
Ex 43.2857 | 502375 7
MET 421429 539841 7
Control 39.1429 1.86445 7
Total 415238 | 4.53452 21
Levene's Test of Equality of Error Variances?®
Dependent Vanable: ROM 1wk
| F dii | df2 | sig |
[ 1.459 | 2 18 | 259 |

Tests the null hypothesis that the error variance of the dependent variable is equal across groups
a Design Intercept+ROMPre+Group

Dependent Variable: ROM1wk

Tests of Between-Subjects Effects

Type Il Sum ] . | Partial Eta
Source of Squares df | Mean Square | F | | _Squared
Corrected Model 351.271°| 3 117.090 | 33194 | 000 | B54
Intercept 5.820 1 5820 1650 | 218 | 088
ROMPre 287.176 1| 287 176 | 81.411 000 | 827
Group 114.204 2 | 57.102 | 16 188 | 000 | 656
Error 59.967 17 | 3527 | i |
Total 36620.000 21| | |
Corrected Total 411.238 | 20 | | | |

Dependent Variable: ROM 1wk

Tests of Between-Subjects Effects

Noncent Observed
Source Parameter Power®
Corrected Model 99.582 1.000
Intercept 1.650 228
ROMPre 81.411 | 1.000
Group 32.376 | .998
Error |
Total
Corrected Total !

a Computed using alpha = .05
b. R Squared = B854 (Adjusted R Squared = 828)

Estimated Marginal Means




Group

Estimates

Dependent Variable' ROMiwk

95% Confidence Interval
Group Mean Std Error | Lower Bound | Upper Bound
Ex 43.043° 710 41544 | 44 541
MET 433587 | 723 41834 | 44 883
Control 38.170%] 718 36.656 | 38685

a Covariates appearing in the model are evaluated at the following values. ROMPre = 37 9524

Pairwise Comparisons

Dependent Variable: ROM1wk

Mean 95% Confidence Interval for
Difference S Difference”

| (1) Group _(J) Group (I-J) Std. Error Sig.® Lower Bound | Upper Bound
Ex MET -316 1.017 760 -2 461 1830

Control 4.872" 1.007 000 2.747 6.987

MET Ex 316 1017 760 | -1830 | 2461

Control 5.188" 1033 000 3.009 | 7.367

Control Ex -4 872* 1.007 000 -6.997 -2 747

MET -5 188" 1.033 000 -7 367 -3.009

Based on estimated marginal means
*. The mean difference is significant at the .05 level
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments)

Univariate Tests

Dependent Variable: ROM 1wk

Sum of | | Partial Eta

Squares df ‘ Mean Square F | Sig Squared
Contrast 114.204 2 | 57.102 16.188 000 656
Error 59.967 17 | 3527 |

The F tests the effect of Group This test is based on the linearly independent pairwise comparisons among the estimated
marginal means

Univariate Tests

Dependent Variable: ROM 1wk

Nancent Observed
Parameter Power”
Contrast 32.378 998
Error

The F tests the effect of Group This test is based on the linearly independent pairwise comparisons among the estimated
marginal means

a Computed using alpha = 05
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the pz nd to assess its support. Use graphs as an altemative 1o tables with
any entrie = do not duglicate data in graohs and tables. Define statistical ferms,
abbreviations and most symbols.

Results. Present results in logical sequence in the text, tables and Alustrations.
Do not rep 28 |n the text all the dala in the tables or ilustrations. Emphasise or

only imps obx

Di fon. Emph the new and i aspects of the study and the
conclusions that follow from them. Do nat repeat in detail data or other material
givenin the introduction or the results section. Include implications of the findings
and their limitations, include implications for future research. Relate the observa-
tions to other relevan! studies. Link the conclusion with the guajs of the study, but
avoid ungualified and ions not g ppored by your
data. State new is when fed butdaarlylabeMemas such, Rec:

ommendations, when appropnate, may be included.

A g In the appendix one or more should specify {a)

ibutiens that need bt do not justify authorship (b) acknowl-
edgments of technical support (c) acknowledgments of financial and material sup-
port, specifying the nature of the support. Persons named in this section must
have given their permission to be named. Authors are responsible for oblaining
written permission from those ged by name since readers may infes
their end of the data and

References. Number references consecutively in the order in which they are first
mentioned i in the fext. Identify references in text, tables and legends by numerals
as Fef cited only in tables or in legends 1o figures should be

bered in with a seqy hed by the first identification in
1he text of the particular table or llustration,

Try o avoid using abstracts as refs ! i ions' and ‘per-
sonal communications’ may not be used as reie:enc% afthough references to
written, not oral, communications may be inserted. Include among the references
papers but not yet published; des the journal; and add 'in press’
(in parentheses). Information from manuscripts submitted but not yet accepted
should be cited in the text as ‘unpeblished observations’ (in parentheses).

When a previously cited reference is used again, it is designated in the tex {as a
superscript) by the number originally assigned to it by if's first use. Do not assign
it another number or Tist it again in the reference list as 'op. cit.”

When using an author's name in the text the superscript reference must follow
immediately after the name eg.:

Smith” states that...

When adjacent to punctuation, superscripts are always placed after the punctua-
fion eg.:

...Brown and co-workers, using a new method....
.fotal health of the patient.*
References must be verified by the author(s) against the original document.

Examples of correct forms of referencing are given below. It is the authors' re-
spansibility to ensure that reference titles are accurate and provided in full.

Journals

Standard joumnal article. List al authors when six or less; when seven or mare, list
only first three and add ‘and co-workers”.

1. Russel R, Groves P, Taub N, O'Dowd J, Reynolds F. Assessing long term back-
ache after childbirth. British Medical Joumnal. 1993, 306: 1299-1303.

Mo auther given

2. Cendcal manip
1986; de 27-26.

anatomy of a disaster. Medical Practice.

Books
Personal author(s)

1. Mitchell FL, Jr. The Muscle Energy Manual, Volume 1. East Lansing, Mich:
MET Press; 1995: 166-167.

2. Travell JG, Simaons DG, Myofascial Pain and Dysfunction: The Trigger Point
Manual, Baltimore: Wiliams & Witkins Co.; 1983.

Editor, compiler, chairman as author

for O i Moo Ralki

3. Ward RC. Ed. F : Williams &

Wilkins; 1997: 1127,
Chapter in a book

Knapp ME. Massage. In: Kottke FJ, Lehmann JF, eds. Krusen's Handbook of

Physical Medicine and f &th ed. Philadelphia, Penn: WB Saunders;
1990: 433435,

Symposium

4. Aston-Jones G, Vak R. Brain gic neurons, nociception and
stress: basic and clinical imp In: Wiltard FH, Patterson MM,
eds, sotion and the ine-fmmunie G ian, 1992

Symposium, indianapolis,Ind: American Academy of Osteopathy; 1992: 107-132.
Dissertation or thesis

5, Caims RB. Infrared spectroscopic studies of solid oxygen (dissertation), Berkedey,
California: University of Califormia, 1965. 156p.

Newspaper article
B Snaﬂ'erﬂi\ Advances. are starting to unlock my of the brain:
id help cure Alcoholism and insomnia, explain mentaliiness. How

the messengers work Wall Street Joumal 1977 Aug 12:1(col 1), 10{col 1).
Magazine article

7. Rousche B. Annals of medicine: the Santa Claus culiure. The New Yorker 1971
Sep 4. 66-81,

Mote: These requuremnls are based largely after: wwmmﬁeqwamenxform
I Joumals, by the ittee of Medi-
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