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houlder impingement syndrome,
the most common diagnosis of
shoulder dysfunction’, is often de-
scribed as shoulder pain exacerbated by
overhead activities®’. Primary shoulder
impingement occurs when the rotator
cuff tendons, long head of the biceps ten-

subacromial bursa become impinged be-
tween the humeral head and anterior ac-
romion*. Primary impingement may be
due to intrinsic factors: rotator cuff weak-
ness>®, chronic inflammation of the rota-
tor cuff tendons and/or subacromial
bursa’”, rotator cuft degenerative tendi-

don, glenohumeral joint capsule, and/or

nopathy”"’, and posterior capsular tight-

ABSTRACT: The purpose of this double-blind, randomized controlled pilot study was to
compare the effectiveness of four physical therapy interventions in the treatment of primary
shoulder impingement syndrome: 1) supervised exercise only, 2) supervised exercise with
glenohumeral mobilizations, 3) supervised exercise with a mobilization-with-movement
(MWM) technique, or 4) a control group receiving only physician advice. Thirty-three sub-
jects diagnosed with primary shoulder impingement were randomly assigned to one of
these four groups. Main outcome measures included 24-hour pain (VAS), pain with the
Neer and Hawkins-Kennedy tests, shoulder active range of motion (AROM), and shoulder
function (SPADI). Repeated-measures analyses indicated significant decreases in pain, im-
proved function, and increases in AROM. Univariate analyses on the percentage of change
from pre- to post-treatment for each dependent variable found no statistically significant
differences (P<0.05) between the four groups. Although not significant, the MWM and
mobilization groups had a higher percentage of change from pre- to post-treatment on all
three pain measures (VAS, Neer, Hawkins-Kennedy). The three intervention groups had a
higher percentage of change on the SPADI. The MWM group had the highest percentage of
change in AROM, and the mobilization group had the lowest. This pilot study suggests that
performing glenohumeral mobilizations and MWM in combination with a supervised ex-
ercise program may result in a greater decrease in pain and improved function although
studies with larger samples and discriminant sampling methods are needed.

KEYWORDS: Exercise, Glenohumeral Mobilization, Mobilization with Movement,
Shoulder Impingement Syndrome

ness leading to abnormal anterior/supe-
rior translation of the humeral head'"*%.
It may also be due to extrinsic factors:
possession of a curved or hooked acro-
mion"*"*, acromial spurs'®, or postural
dysfunction'”*®. Secondary shoulder im-
pingement is defined as a relative de-
crease in the subacromial space due to
glenohumeral joint instability or abnor-
mal scapulothoracic kinematics®'*%
Commonly seen in athletes engaging in
overhead throwing activities®®*, second-
ary impingement occurs when the rota-
tor cuff becomes impinged on the poste-
rior-superior edge of the glenoid rim
when the arm is placed in end-range ab-
duction and external rotation’. This posi-
tioning becomes pathologic during
excessive external rotation, anterior cap-
sular instability, scapular muscle imbal-
ances**, and/or upon repetitive over-
load of the rotator cuft musculature®-.
Physical therapy has been found
to be effective in reducing pain and
disability in patients with shoulder im-
pingement. Effective interventions in-
clude therapeutic exercises focusing on
strengthening the rotator cuff and scapu-
lar stabilizing musculature?**, stretching
to decrease capsular tightness®, scapular
taping techniques®, and patient educa-
tion of proper posture”. Studies suggest
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the incorporation of joint mobilizations
to treat shoulder impingement results in
superior outcomes compared with ther-
apeutic exercise alone*®*%. Some re-
searchers propose that a mobilization
force can be selectively directed to a spe-
cific area of the capsule to restore capsu-
lar extensibility***. Studies have found
that individuals with shoulder impinge-
ment often have a tight posterior capsule
resulting in altered glenohumeral ar-
throkinematics'*’ and a decrease in gle-
nohumeral internal rotation range of
motion (ROM)5'2%, Thus, performing
grade III or IV mobilizations aimed at
restoring posterior capsule mobility in
subjects with shoulder impingement
may result in increased active ROM and
decreased impingement symptoms,
whereas all grades of mobilizations (I-
IV) may result in pain reduction®.

A manual therapy approach to
treating shoulder dysfunction is the
Mulligan concept of mobilization with
movement (MWM)**2. The goal of per-
forming MWM is immediate and sus-
tained improvement in joint pain and
mobility. Mulligan’s techniques entail
having the physical therapist apply an
accessory mobilization to a peripheral
joint while the patient simultaneously
generates active movement. During the
technique, the therapist must continu-
ally monitor the patient to ensure that
no pain is recreated. If pain commences,
the therapist must investigate different
treatment planes and/or grades of acces-
sory motion to ensure pain-free move-
ment. Mulligan believes that failure to
improve pain-free ROM indicates that
the therapist has not found the correct
treatment plane or grade of mobiliza-
tion, or simply that the technique is not
indicated. Mulligan’s theory is that joint
injury or dysfunction results in a posi-
tional fault or chronic state of mal-align-
ment within thejoint, and the techniques
may assist in properly aligning the joint
or restoring the joint’s tracking mecha-
nism**2. Only two studies have been
published supporting the benefits of
performinga shoulder MWM technique
in treating shoulder dysfunction®*.
One case study using MWM to treat a
patient with shoulder impingement re-
ported a decrease in pain, improvement

in function, and improvement in shoul-
der abduction AROM*®.

Although therapeutic exercise has
been shown to be effective in treating
shoulder impingement symptoms¥,
very few studies have evaluated the ef-
fectiveness of incorporating glenohu-
meral joint mobilizations*****, and no
randomized controlled trials have used
a MWM technique to treat shoulder im-
pingement. The purpose of this double-
blind, randomized controlled pilot study
was to compare the effectiveness of four
physical therapy interventions in the
treatment of primary shoulder impinge-
ment syndrome: supervised exercise
only, supervised exercise with glenohu-
meral mobilizations, supervised exer-
cise with a MWM technique, or a con-
trol group receiving only physician
advice. A secondary purpose was to ex-
amine the appropriateness of the sam-
pling and data collection procedures for
a future study with more power.

Methods
Subjects

Thirty-three subjects, 17 men and 16
women, aged 18-74 (mean 46.4 years)
and diagnosed with primary shoulder
impingement by the referring physician
participated in this study. Although 36
subjects enrolled in the study, 3 subjects
were later excluded. With two of the
subjects, the assessor was unable to ob-
tain baseline measures of ROM due to
acute pain and unwillingness to move
the extremity; the third subject was
mentally ill and displayed inappropriate
behaviors rendering participation im-
possible. Inclusion criteria included su-
periolateral shoulder pain and two out
of four specified objective signs and
symptoms: a positive (painful) Neer im-
pingement test, a positive (painful)
Hawkins-Kennedy impingement test,
painful limitation of active shoulder el-
evation (flexion, abduction, scaption),
and pain or limitation with the func-
tional movement patterns of hand-be-
hind-back or hand-behind-head. Exclu-
sion criteria included a physician
diagnosis of adhesive capsulitis, grade
III rotator cuff tear, calcific tendonitis

confirmed by radiology, systemic or
neurological disorder, cervical radicu-
lopathy, a history of shoulder surgery,
corticosteroid injection within the past
month, and subjects who had received
physical therapy treatment for their
shoulder within the past three months.
A recent systematic review reveals these
inclusion and exclusion criteria have
been used in many clinical trials*. All
subjects signed consent forms approved
by the University Institutional Review
Board, Committee for the Protection of
Human Subjects, at California State
University, Northridge.

Subjects were asked to decline any
other form of treatment for their shoul-
der during the course of the study in-
cluding additional physical therapy, chi-
ropractic, acupuncture, or massage
therapy to the shoulder, neck, or upper
back. Subjects were also instructed to
remain on current levels of medication
and not to begin any new medications
during the course of the study. All par-
ticipants underwent a follow-up visit
with the referring physician after the
post-treatment measurements at the
study’s completion.

Procedure

Participants were randomly assigned to
one of four intervention groups accord-
ing to the block randomization method:
Group 1, exercise only; Group 2, exer-
cise and mobilization; Group 3, exercise
and MWM; and Group 4, control. Block
randomization was used to ensure that
an equal number of patients were as-
signed to each treatment group. As an
example, subject #1 had an equal chance
of drawing an envelope assigning him/
her to group A, B, C, or D. If he/she drew
“A the card was removed. Subject #2
then had an equal chance of drawing an
envelope with group B, C, or D, subject
#3 with the remaining two groups, and
subject #4 received the final group as-
signment. Each subject was informed of
his/her treatment protocol but remained
blinded to other group assignments to
avoid subject bias.

One physical therapist with 12 years
of clinical experience performed the
pre- and post-treatment assessment
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measurements. Thisassessor wasblinded
to group assignment and all interven-
tion protocols. The initial assessment
session occurred within 3-4 days of the
physician examination. Before com-
mencing the pre-intervention testing
session, each subject filled out a demo-
graphic survey for statistical reporting
of gender, age, hand dominance, symp-
tom duration, medications, and the cur-
rent as well as past history of shoulder
dysfunction (Table 1).

The effect of treatment was assessed
based on the following dependent vari-
ables: maximum pain over the preced-
ing 24-hour period graded by a 10-point
visual analog scale (VAS) scale; pain in-
tensity with the Neer test assessed by
the same 10-point VAS scale; pain in-
tensity with the Hawkins-Kennedy test
via the 10-point VAS; pain-free active
ROM measured with a standard goni-
ometer for flexion and scaption; and a
measurement of shoulder function
assessed with the Shoulder Pain and
Disability Index (SPADI). The numeri-
cally-scaled SPADIY, a 13-item self-ad-
ministered  instrument measuring
shoulder functional status, has been
shown to have good test-retest reliabil-
ity, responsiveness, and/or validity**>°.
The SPADI used in this study was mod-
ified to facilitate subject understanding
by including equal-distanced hashed

lines marked 0-10, with zero labeled no
pain/no functional limitations and 10 la-
beled worst pain/unable to perform. If a
subject chose to mark between the
hashed lines, the question was scored to
the nearest 0.25 (for example, 4.25).
The instrument was scored 0-130 with
130 representing the worst deficit in
function.

Three measures of pain intensity
were used in the study: a 24-hour VAS
score and pain with the Neer and the
Hawkins-Kennedy tests. This focus on
pain was deliberate since pain is the pri-
mary clinical manifestation of shoulder
impingement***!. The Neer impinge-
ment test’, conducted by passive forward
elevation and internal rotation of the
humerus with the scapula stabilized, is
deemed positive if the patient reports
pain, usually above 120° of shoulder el-
evation when the critical zone of the ro-
tator cuff tendon is compressed against
the subacromial arch®”. The Neer test
has been found to have fair to good sen-
sitivity for determining the presence of
shoulder impingement compared with a
subacromial injection test or arthros-
copy>**°. The Hawkins-Kennedy test>® is
performed by positioning the arm pas-
sively at 90° of shoulder flexion followed
by the examiner forcibly internally ro-
tating the arm—a maneuver that also
directs the critical zone against the cora-

coacromial ligament®. The sensitivity of
this maneuver has also been found to be
g00d53-55.

Pain-free shoulder flexion and
scaption active ROM were measured
with a universal goniometer according
to a standard procedure®. Scaption was
measured in standing by aligning the
goniometer axis over the coracoid pro-
cess, the stationary arm parallel to the
thorax and the moving arm midline of
the humerus with the medial epicondyle
as a guide. Standardized goniometric
measurements of glenohumeral motion
have been shown to have good intrarater
reliability” - and validity®.

The principle investigator, who has
over 14 years of clinical experience in
the orthopaedic setting and who is a
Board Certified Orthopaedic Clinical
Specialist and Fellow of the American
Academy of Orthopaedic Manual Phys-
ical Therapy Association, performed all
treatment interventions. All subjects in
the treatment groups (Groups 1-3) re-
ceived physical therapy one time a week
for 6 weeks according to the following
protocols, and each session ended with
subjects receiving a cold pack for 10-15
minutes to decrease potential inflam-
mation and delayed muscle soreness.
Participants were instructed to perform
a home exercise program once a day
mimicking the exercises performed in

TABLE 1. Baseline demographics and pre-treatment means (sd) for the dependent variable for each group.

Control (n=7) Exercise (n=8) MOB (n=9) MWM (n=9) Sig.
Age in Years 45.6 (13.0) 47.3 (20.1) 43.4 (14.7) 48.9 (13.7) 90°
Gender 4M, 3F 4M, 4F 4M, 5F 5M, 4F .95
Involved Shoulder 6R, 1L 4R, 4L 6R, 3L 4R, 5L 400
Hand Dominance 7R 7R, 1L 8R, 1L 9R 57°
Pain Chronicity (months) 70.0 (92.4) 32.5(60.2) 19.2 (24.6) 22.6(17.4) .26°
VAS pre-test 4.4(12) 5.7 (3.0) 6.3 (1.6) 52 (2.5) 38°
NEER pre-test 3.7(2.7) 5.1(2.1) 4.8 (2.6) 2.9 (1.8) 19°
HK pre-test 2.5 (1.5) 4.4 (2.4) 5.0 (2.5) 3.8 (1.6) 120
Flexion pre-test 139.0 (16.2) 136.3 (15.9) 152.1 (9.7) 146.6 (16.0) 132
Scaption pre-test 139.6 (28.2) 134.1 (29.5) 141.8 (22.1) 141.8 (20.8) 91?2
SPADI pre-test 49.4 (29.3) 62.4 (33.0) 53.1(23.2) 48.6 (21.9) 728

Abbreviations: MOB = mobilization group; MWM = mobilization-with-movement group; M = males; F = females; R = right; L = left; VAS = visual analog scale;
NEER = Neer impingement test; HK = Hawkins-Kennedy impingement test; SPADI = Shoulder Pain and Disability Index; *One-way ANOVA; *Chi square tests.
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the clinic, and they were required to
present a written log of these exercises
to the primary investigator at each
weekly session. Participants were also
educated in the etiology of shoulder
impingement syndrome and the im-
portance of proper posture, and they
were instructed to modify overhead ac-
tivities.

Participants in Group 1, the exer-
cise-only group, performed exercises
under the direct one-on-one supervi-
sion of the primary investigator. These
exercises included posterior capsule
stretching, postural correction exercises,
and an exercise program focusing on
rotator cuff strengthening and scapular
stabilization (Figure 1).

Participants in Group 2, the exer-
cise + mobilization group, received the
standard exercise protocol as per Group
1 with the addition of glenohumeral
joint mobilization techniques. Glenohu-
meral joint anterior, posterior, and infe-
rior glides, and long-axis distraction
passive accessory motions (PAM) were
evaluated and graded using a 0-6 acces-
sory motion scale®"¢?, The intrarater reli-
ability using this scale to access spinal
passive intervertebral motion (PIVM)
was found to be good in one published
study® although interrater reliability
and accuracy has been found to be
poor®®. The amount of pain or joint
reactivity during passive accessory mo-
tion testing was graded on a 0-3 point
scale with 0 = no reactivity, 1 = minimal,
2 = moderate, and 3 = severe reactivity,
respectively. Studies have found good to
fair intrarater reliability when assessing

FIGURE 1A. (LEFT) FIGURE 1B (RIGHT). Performing supervised exercises of

the onset of pain during PIVM testing in
the spine®*, and one study reported ex-
cellent validity when using PIVM test-
ing compared to a fluoroscopy-guided
nerve block to detect cervical segmental
involvement based on reproduction of
pain during passive motion®’.

Given the results of these reliability
and validity studies, the grade of joint
mobility and reactivity were not used as
a dependent variable, but were used to
determine the direction and intensity of
the mobilization. Anterior, posterior, in-
ferior glides, or long-axis distraction
grade I-IV joint mobilizations were ap-
plied accordingly (Figure 2). For situa-
tions where there was reactivity within
the capsular ROM, grade I-1I mobiliza-
tions were applied. For situations where
there was no reactivity but capsular hy-
pomobility, grade III-IV accessory mo-
tions were applied. Each mobilization
was applied for 30 seconds at a rate of
approximately one mobilization every 1
to 2 seconds, followed by a 30-second
rest. The 30-second mobilization and
resting sessions were repeated 2 addi-
tional times for a total of 3 sets of 30-
second mobilizations.

Participants in Group 3, the exer-
cise plus MWM group, received the
standard exercise protocol as per Groups
1and2, plusa glenohumeral joint MWM
technique as described by Mulligan®.
This technique involved the therapist
applying a sustained posterior accessory
glide to the glenohumeral joint while the
subject simultaneously actively flexed
the shoulder to the pain-free endpoint
and applied a gentle overpressure force

shoulder external rotation with band resistance and scapular retraction.

FIGURE 2. Glenohumeral posterior
glide mobilization.

FIGURE 3. Shoulder mobilization-

with-movement technique sustaining
posterior glide with active shoulder
flexion.

using the contralateral arm (Figure 3).
Total abolition of pain during the tech-
nique was mandatory; if the patient
started to experience pain during active
motion, the therapist would investigate
different force planes and/or grades of
force until pain-free motion was re-
stored. This procedure was repeated for
a total of 3 sets of 10 repetitions as long
as pain-free motion was sustained; if
pain commenced during any repetition
of any set, the technique was termi-
nated.

Participants in Group 4 served as
the control group. Subjects in this group
received patient education on postural
awareness and limitation of overhead
activities by the referring physician dur-
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ing his/her initial examination session.
The physician also provided the subject
with a standard shoulder impingement
home exercise program without any in-
put from the physical therapist. Thus,
subjects in this group did not receive
physical therapy intervention, nor were
they instructed in a home exercise pro-
gram by a physical therapist during the
course of the study. After the final test-
ing session and completion of the study,
subjects in the control group were al-
lowed to discuss treatment options and
ahome exercise program with the inves-
tigating physical therapist.

Statistical Analyses

Subject baseline characteristics are pre-
sented in Table 1. Chi square analyses
and univariate analyses (ANOVA) were
conducted to determine whether the
four groups differed on the demographic
characteristics and pre-treatment mea-
sures. Next, repeated-measures ANO-
VAs with Tukey’s post hoc test were con-
ducted for each of the dependent
variables with the pre-treatment and
post-treatment scores as the within-sub-
jects variable and the four groups as the
between-subjects variable.

Due to the wide variability between
subjects on pre-treatment scores, some
subjects had greater room for improve-
ment and some had relatively little room
for improvement. Hence, a percentage of
change score from pre- to post-treat-
ment was calculated for each dependent
variable. For the VAS, Neer, Hawkins-
Kennedy, and SPADI measures, the fol-
lowing formula was used: Percentage of
change = [(pre-treatment score—post-

treatment score) / pre-treatment score]
* 100. For flexion and scaption active
ROM, the pre-and post-treatment scores
were subtracted from full ROM of 180°
using the following formula: Percen-
tage of change = [((180—pre-treatment
score)—(180—post-treatment score)) /
(180—pre-treatment score)] * 100. The
difference scores and percentage of
change scores were analyzed using uni-
variate analyses with Tukey’s post hoc
test.

All statistical analyses were per-
formed using SPSS 16.0 for Windows
(SPSS Inc., Chicago, IL). Differences
were considered statistically significant
when the P < 0.05. For the univariate
analyses, post hoc power estimates (i.e.,
observed power) were determined using
the SPSS power option.

Results

Chi square analyses indicated no statis-
tically significant differences between
the four groups on gender, involved
shoulder, or hand dominance. One-way
ANOVA analysis indicated no statisti-
cally significant differences between the
groups on age, pain chronicity, or base-
line pretreatment scores.
Repeated-measuresunivariateanal-
yses indicated that all groups had statis-
tically significant decreases in pain in-
tensity from pre- to post-treatment on
the (a) VAS test [F(1,29)=28.5, P<.001,
nPZ:.SO, observed power=.99]; (b) NEER
test [F(1,29)=35.2, P<.001, r]p2=.55, ob-
served power=1.0]; and (c) Hawkins-
Kennedy test [F(1,29)=31.1, P<.001,
n,’=.52, observed power=1.0]. The anal-
yses also indicated that there were statis-

tically significant increases in (a)
pain-free active ROM from pre- to post-
treatment on both flexion [F(1,29)=19.7,
P<.001, n ’=.40, observed power=.99];
and scaption [F(1,29)=18.8, P<.001,
n,’=.39, observed power=.99] as well as
(b) shoulder function measured with the
SPADI [F(1,29)=47.7, P<.001, r]p2=.62,
observed power=1.0]. However, no sta-
tistically significant differences were
found on the interaction between the
four groups and mean change from pre-
to post-treatment: (a) VAS test
[F(3,29)=.26, P=.85, r]pzz.03, observed
power=.09]; (b) NEER test [F(3,29)=.19,
P=.90, an:.OZ, observed power=.08]; (c)
Hawkins-Kennedy test [F(3,29)=.79,
P=51, n *=.08, observed power=.20];
(d) flexion [F(3,29)=1.20, P<=.33,
n,’=.411, observed power=.29]; (e) scap-
tion [F(3,29)=.98, P=.41, r]pzz.09, ob-
served power=.24]; and (f) SPADI
[F(3,29)=.35, P=.79, r]pzz.04, observed
power=.11].

Next, univariate analyses were con-
ducted on the percentage of change from
pre- to post-treatment. Again, no statis-
tically significant differences (P<.05)
were found between the four groups.
Table 2 shows the percentage of change,
F value, effect size (i.e., omega squared),
and observed power for each analysis.
Examination of the percentages of
change in Table 2 revealed a pattern.
Specifically, the mobilization and the
MWM groups both had a higher per-
centage of change on all three pain in-
tensity measures than the control group
and the exercise-only group. Also, all
three of the intervention groups had a
higher percentage of change than the
control group on the SPADI. In regards

TABLE 2. Percentage of change from pre- to post-treatment (sd) for the dependent variables for each group.

DVs Control (n=7) Exercise (n=8) MOB (n=9) MWM (n=9) P w? Power
VAS 14.4 (119.8) 20.8 (112.3) 44.2 (38.6) 55.2 (31.9) 45 .00 .13
Neer 46.4 (49.5) 44.0 (57.2) 57.6 (38.7) 66.5 (36.6) 44 .00 .13
HK 11.2 (130.7) 39.5 (54.9) 52.1(62.9) 60.2 (43.3) .60 .00 .16
Flexion 42.6 (15.8) 27.6 (41.7) -15.9 (116.6) 46.7 (31.9) 1.54 .05 .36
Scaption 29.8 (49.0) 19.8 (70.3) 2.5 (88.8) 66.5 (28.1) 1.60 .05 37
SPADI 34.2 (58.9) 61.6 (35.9) 56.7 (29.8) 55.5(20.1) .78 .00 .20

Abbreviations: MOB = mobilization group; MWM = mobilization-with-movement group; w? = Omega squared; VAS = visual analog scale; NEER = Neer
impingement test; HK = Hawkins-Kennedy impingement test; SPADI = Shoulder Pain and Disability Index. *No statistically significant differences were found

between groups.
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to flexion and scaption AROM, the
MWM group had a higher percentage of
change than the other three groups and
the effect size (i.e., omega squared) was
.05; the mobilization group had the low-
est percentage of change.

Discussion

Repeated-measures analyses indicated
that subjects in all four groups had sig-
nificant decreases in pain, significant
improvement in function, and signifi-
cant increases in active ROM. Hence,
time, exercise, and joint mobilization ap-
peared to have an effect on recovery from
shoulder impingement. No significant
differences were found between the four
groups on the dependent variables.
However, results suggest that the two
groups receiving manual therapy in
combination with supervised exercise
had a higher percentage of change on all
three of the pain intensity measures
(VAS, Neer, and Hawkins-Kennedy)
compared to the supervised exercise
group and the control group. Conroy
and Hayes® and Bang and Deyle* found
statistically significant reductions in
pain measures with subjects who re-
ceived joint mobilizations in combina-
tion with supervised exercise compared
to those receiving exercise alone; how-
ever, no control group was used in either
study. It is likely that the passive move-
ment produced by both manual tech-
niques resulted in pain reduction
through activation of mechanoreceptors
inhibiting nociceptive stimuli through
the gate-control mechanism®** or
through facilitation of synovial fluid nu-
trition”. In addition to these hypoalgesic
effects, it can further be speculated that
the mobilization and MWM techniques
used in this study resulted in capsular
stretching and/or restoration of normal
glenohumeral arthrokinematics.
Results also revealed that all three
intervention groups had a higher per-
centage of change than the control group
on the SPADI function test, but these
changes were not statistically significant.
The only other study with which this
finding can be roughly compared is the
study by Bang and Deyle? reporting that
the group receiving mobilization tech-
niques aimed at the shoulder, shoulder

girdle, cervical spine, and/or upper tho-
racic spine had a statistically significant
increase in function as assessed with a
questionnaire modified from the Os-
westry. Since the SPADI function test is
based on shoulder pain with functional
activities, it makes sense that interven-
tions resulting in pain reduction would
also result in an improved SPADI score.

A noteworthy finding in the present
study is that the MWM group showed
the highest percentage of change in de-
creasing pain and improving function
from pre- to post-treatment. This may
be attributed to the fact that the MWM
technique is designed specifically for de-
creasing shoulder pain during active
shoulder motion, and the amount of
manual force applied is dependent on
the ability of the technique to decrease
pain with active movement. Studies us-
ing the MWM technique have reported
improved pain-free motion, function,
and/or pressure thresholds in patients
with elbow lateral epicondylalgia” ", de
Quervains™, and ankle sprains™”.
Paungmali et al” found that performing
MWM for chronic lateral epicondylal-
gia produced hypoalgesic effects and
concurrent sympathetic nervous system
effects including increased heart rate,
blood pressure, and cutaneous activity.
An additional explanation as to why the
MWM technique was better than gleno-
humeral mobilizations in decreasing
pain and improving function is that
MWM has the additional benefit of be-
ing performed throughout AROM,
which may engage additional proprio-
ceptive tissues, such as the Golgi tendon
organs activated by tendon stretch.

It is interesting to note that there
was no statistically significant difference
in pain measures and function between
the two manual therapy groups. MWM
was applied with a force not specified
nor measured but with a sufficient pos-
terior-inferior force needed for pain re-
duction throughout glenohumeral ac-
tive ROM. In contrast, specific grades of
force and direction of joint mobiliza-
tions were applied according to pre-test-
ing assessment of capsular mobility and
pain. Since theoretically any grade mo-
bilization has analgesic effects, this may
explain why both manual therapy groups
improved in pain intensity and function,

but there was no significant difference
between these two groups.

Another possible explanation as to
why there was little outcome difference
between the two manual therapy groups
is that all the joint mobilizations in the
mobilization group were performed
with the glenohumeral joint in the loose-
packed position. Performing joint mo-
bilizations at mid-range may not provide
sufficient capsular stretch in subjects
with capsular hypomobility to result in
capsular elongation and associated me-
chanoreceptor activation. Studies have
suggested that if there is restricted
ROM, it is more effective to perform gle-
nohumeral mobilization techniques at
end-range, resulting in a more optimal
stretch of the ROM limiting tissues (cap-
sule and corresponding glenohumeral
ligaments)””*. Cadaver studies also sug-
gest that therapists may need to use
larger mobilization forces for a greater
duration in order to achieve elastic re-
gion capsular stretch®.

Results also revealed no appreciable
percent change difference between
groups in scaption and flexion AROM
measurements. This finding is consistent
with Conroy and Hayes*, who reported
no significant difference in AROM be-
tween subjects receiving glenohumeral
joint mobilizations compared to a group
receiving standardized therapy interven-
tions. It is interesting to note that al-
though the MWM group had a higher
percentage of change in AROM than the
other three groups, the mobilization
group had the lowest change. If pain is
the primary factor limiting glenohu-
meral AROM in individuals with shoul-
der impingement, the MWM technique
may be more effective at decreasing pain,
resulting in better ROM outcomes. Ad-
ditionally, the MWM technique may re-
sultin improved ROM as it is performed
during active shoulder motion. This
finding might suggest that capsular hy-
pomobility, which would be addressed
with grade ITI-IV mobilizations, was not
the primary factor limiting glenohu-
meral AROM.

Although the percentage of change
from pre- to post-treatment revealed
statistically significant patterns of im-
provement for all four groups, there
were no significant differences between
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groups in any outcome measure. This is
possibly attributed to the low power of
the study due to small sample size,
which can thwart the ability to detect
differences and/or magnify the negative
influence of a few subjects who demon-
strate a poor response to treatment. An-
other consideration is the amount of
activity performed immediately prior to
the post-treatment measurements. As
an example, two of the subjects who re-
ported more pain at the end of the study
admitted that in actuality, one to two
days before their post-treatment ses-
sion, their shoulders had felt “so good”
that they had performed activities they
had been unable to do before being in-
volved in the study (cleaning out a ga-
rage and cleaning out closets). Thus, al-
though their participation in the study
resulted in a substantial reduction in
their shoulder pain, this diminution in
pain permitted them to perform high-
function activities that they had previ-
ously been unable to perform and led to
an increase in their shoulder pain im-
mediately prior to the post-treatment
assessment session. Again, given the
small number of subjects in this study,
these individuals had a negative influ-
ence on the results. This may be one
reason why improvement as assessed
with the SPADI may be more indicative
of overall functional improvement as it
is evaluated by the individual as a gen-
eral or average over the previous few
days.

While this pilot study provides pre-
liminary data regarding the incorpora-
tion of glenohumeral joint mobilizations
and a MWM technique to treat individ-
uals with primary shoulder impinge-
ment, several limitations and consider-
ations warrant further discussion:

1. The small participant sample size
resulted in low statistical power.
Decreased power magnifies the in-
fluence of a few subjects who dem-
onstrate unusually poor or good
response to treatment. For example,
in the mobilization group, 2 sub-
jects out of 9 had a decrease in
AROM after intervention. With a
small sample size, it is difficult to
tell if these two are outliers or not.

2. Three subjects were removed from

the study due to inability to obtain
baseline measures and inappropri-
ate behavior. This may potentially
introduce an element of bias into
the study design.

. Another limitation in this study is

that the four groups were unbal-
anced at pre-treatment. Specifically,
the control group had more room
for growth on almost all the vari-
ables compared to the other groups.
A future recommendation is to
conduct a stratified random assign-
ment into groups after pre-treat-
ment data are collected wherein
subjects are assigned based on low,
medium and high pain. Hence,
each group would get equal num-
bers of subjects with low, medium,
and high pain at pre-treatment.

. 'The subject inclusion criteria may

not have been specific enough. One
consideration is that the investiga-
tors should have controlled for acu-
ity or chronicity of symptoms. Also,
all inclusion criteria dealt with pain,
potentially leading to inaccurate
physician diagnosis. As an example,
patients with a pain-causing pa-
thology in the rotator cuff that is
etiologically unrelated to impinge-
ment may be misdiagnosed during
astandardized provocation maneu-
ver. Thus, improved sub-grouping
of patients with impingement syn-
drome based on more restrictive
objective findings is warranted, and
more specific inclusion criteria for
participation based on these mea-
sures would further strengthen the
study. As examples, subjects should
be selected who meet specific quali-
fications in regards to chronicity of
symptoms and severity of symp-
toms as well as more specific ob-
jective findings leading to the
shoulder impingement, including
scapular dyskinesia or posterior
capsule tightness. Since a method
for measuring posterior capsule
tightness has been found to be reli-
able and valid in a pilot study®, in-
clusion criteria could specify that
subjects exhibit this objective find-
ing, aiding in continuity of patient

inclusion. One must consider, how-
ever, that admitting subjects for
participation based on posterior
capsule accessory hypomobility is
difficult as little evidence exists that
supports the reliability of grading
capsular accessory motion®, and
thus joint hypomobility cannot be
conclusively determined.

5. Since this study lacks a long-term
follow-up, it is suggested that future
studies seek to provide this infor-
mation.

Even with these limitations, the
present study is unique in that this is the
only controlled, double-blind clinical
trial investigating the outcomes of using
a MWM technique on the shoulder to
treat shoulder impingement syndrome
with a true control group that did not
receive any physical therapy interven-
tion. Also, the pilot study demonstrates
the importance of using larger sample
sizes in each group, establishing appro-
priate inclusionary and exclusionary
criteria, and randomly assigning sub-
jects to the groups after the pre-treat-
ment data are collected.

Conclusion

In summary, the physical therapy inter-
ventions of glenohumeral mobilizations
and MWM in combination with a su-
pervised exercise program resulted in a
higher percentage of change (but not
statistically significant) from pre- to
post-treatment in decreasing pain and
improving function compared to the su-
pervised exercise only and control
groups. This study, albeit a pilot, pro-
vides preliminary evidence that these
manual therapy techniques can be an
important adjunct to supervised exer-
cise in the treatment of individuals with
shoulder impingement syndrome. How-
ever, other studies with larger sample
sizes are needed to ascertain whether
these trends in improvement are consis-
tent and statistically significant.
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