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Background: Subjects with frozen shoulder (FS) might not be comfortable with vig-
orous physical therapy. Clinical trials assessing the effect of graded motor imagery
(GMI) in FS are lacking. The aim of this study was to determine the effect of GMI as
an adjunct to conventional physiotherapy in individuals with painful FS.

Methods: Twenty subjects aged 40-65 years having stage | and Il of FS were ran-
domly divided into two study groups. The conventional physiotherapy group (n = 10)
received electrotherapy and exercises while the GMI group (n = 10) received GMI
along with the conventional physiotherapy thrice a week for 3 weeks. Pre- (Session 1)
and post- (Session 9) intervention analysis for flexion, abduction, and external rota-
tion range of motion (ROM) using a universal goniometer, fear of movement using
the fear avoidance belief questionnaire (FABQ), pain with the visual analogue scale,
and functional disability using the shoulder pain and disability index (SPADI) was
done by a blinded assessor.

Results: Statistically significant difference was seen within both the groups for all
the outcomes. In terms of increasing abduction ROM as well as reducing fear of
movement, pain, and functional disability, the GMI group was significantly better
than control group. However, both groups were equally effective for improving flex-
ion and external rotation ROM.

Conclusions: Addition of GMI to the conventional physiotherapy proved to be supe-
rior to conventional physiotherapy alone in terms of reducing pain, kinesiophobia,
and improving shoulder function for stage | and Il of FS.

Key Words: Bursitis; Central Nervous System Sensitization; Complementary Thera-
pies; Graded Motor Imagery; Musculoskeletal Manipulations; Pain; Physical Therapy
Modalities; Range of Motion, Articular; Shoulder Pain.

INTRODUCTION

Adhesive capsulitis or frozen shoulder (FS), can be de-
fined as a “condition of uncertain etiology, characterized
by a significant restriction of active and passive shoulder
motions which occurs in the absence of known intrinsic
shoulder disorder” [1]. It is a common shoulder pathology
which is characterized by limited and painful shoulder

range of motion (ROM) [1-3]. It commonly affects individu-
als between 40 and 65 years of age. The literature suggests
around 2% to 5% of general population is affected by FS
[4]. Although it is more common in females (approx. 70%),
males exhibit higher risk of slower recovery and more dis-
ability [5]. In patients with diabetes mellitus or thyroid
diseases the occurrence increases to 18% to 38%. Adhesive
capsulitis or FS is believed to be a self-controlling condi-
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tion, lasting 18-30 months [4-6]. A primary or idiopathic FS
occurs when there is no cause that may be associated with
another systemic illness which most commonly includes
diabetes mellitus [3,7]. Secondary FS can be traumatic or
nontraumatic. Dislocation, fractures or soft tissue injuries
around the shoulder joint incorporate traumatic causes.
Nontraumatic pathologies include osteoarthritis (OA), ro-
tator cuff tendinopathy, and calcific tendinitis etc. [3].

FS can be divided into four stages: the pre-adhesive,
freezing, frozen, and thawing stage. The pre-adhesive
stage may last up to three months. Subjects might experi-
ence aching pain at rest as well as severe pain at the end of
the ROM. The freezing phase persists from 3 to 9 months.
Subjects experience slow but progressive loss of ROM in all
directions. The frozen stage persists from 9 to 14 months,
whereas the thawing stage lasts from 15 to 24 months
[8-10].

Physiotherapy management of FS includes therapeutic
modalities such as heat and cold, interferential therapy,
transcutaneous electrical nerve stimulation, etc. and ex-
ercises such as active/passive ROM, capsular stretching,
proprioceptive neuromuscular facilitation stretching, and
strengthening also can be prescribed [2,9]. Manual thera-
py treatment for FS includes various joint mobilization and
manipulation techniques. But, in some chronic musculo-
skeletal impairments, the central nervous system can be-
come hypersensitive, which is referred to as central sensi-
tization (CS) [11]. Evidence suggests that CS may be present
in acute FS. Hence, subjects having FS might experience
loss of pain inhibition along with non-noxious stimuli like
simple movements being interpreted as threatening and
painful. This results in developing fear of movement and
kinesiophobia in subjects with FS. Hence, subjects might
not be comfortable with vigorous physical therapy [12].

Graded motor imagery (GMI) is a therapeutic approach
to treat a hypersensitive nervous system which targets ac-
tivation of different neural webs in a graded way. The brain
is the target organ for GMI, which includes three sequen-
tial stages [11-14]. GMI has been found to reduce pain and
hypersensitivity along with improved functions and mo-
bility in conditions with suspected CS, such as phantom
limb pain, complex regional pain syndrome, and chronic
low back pain [14-17]. Mirror therapy alone has also been
proven to be effective in subjects with shoulder pain [11].
But data showing the effectiveness of all the 3 components
of GMI on various measures in cases of FS is scarce. Also,
clinical trials are lacking comparing the effects of GMI
with conventional physiotherapy.

Therefore, the need arises to conduct a preliminary
study to find out if sequential 3 stage GMI will prove to
be an effective alternative therapy in the treatment of FS.
Hence, the aim of this study was to study and compare the
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effects of GMI as an adjunct to conventional physiotherapy
in subjects with FS.

MATERIALS AND METHODS
1. Study design

This was a pilot randomized controlled trial in which sub-
jects diagnosed with FS were included. Ethical clearance
was obtained from the Institutional and research ethics
committee, KAHER Institute of Physiotherapy, Belagavi (SL
No. 445). Also, the study was registered in the Clinical Tri-
als Registry - India (CTRI/2020/05/025201). The study was
designed as an assessor-blinded study, as the outcome as-
sessor was blinded to the subjects’ randomization into the
groups. After obtaining ethical clearance, subjects who
were willing to participate signed the written informed
consent to publish the photographs of participants with
concealed identity.

As the study design was a pilot study, the sample size
was kept open-ended as suggested by the statistician.
Thirty-four subjects visiting a tertiary care hospital from
May 2020 to November 2020 with primary diagnosis of FS
were screened for inclusion and exclusion criteria. Four-
teen subjects who didn't fulfill the criteria were excluded.
A total of 20 subjects (10 in each group) were randomly
allocated into two groups by random allocation using a
lottery method by primary the investigator. There were no
dropouts, and all the included participants completed the
study protocol (Fig. 1).

2. Participants

The inclusion criteria were: 1) subjects fulfilling the clini-
cal practice guideline criteria [8] for analysis of FS which
includes (1) age between 40-65 years, (2) limited and pain-
ful shoulder passive ROM (mostly external rotation), and (3)
gradual onset and progressive worsening of pain and stiff-
ness; 2) stage I and II of FS; 3) subjects with or without dia-
betes mellitus; and 4) both male and female subjects being
willing to participate. The exclusion criteria were visually
impaired subjects, subjects having pain and incomplete
ROM in both shoulders, previous neck or shoulder surgery,
subjects having subacromial pain syndrome or painful
arc syndrome, a positive apprehension test, subjects hav-
ing any history of shoulder fracture or dislocation, and/
or having signs of neurological involvement. Subjects who
were on oral analgesics or any pain-relieving medications
were excluded.

Korean J Pain 2022;35(2):152-159



154 Gurudut and Godse

Enrolment

Assessed for eligibility
(n=34)

Excluded (n = 14)

- Stage 3 frozen shoulder (n = 6)

» - Not fulfilling diagnostic criteria (n = 5)
- Previous shoulder fracture (n = 1)

- Bilateral shoulder pain (n = 2)

| Randomized (n = 20) |

v

v

Group A - control group
Pre-analysis (n = 10)

For shoulder flexion, abduction,
external rotation ROM,
kinesiophobia, pain and

functional disability

'

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

'

Group A - control group
Post-analysis (n = 10)
for shoulder flexion, abduction,
external rotation ROM,
kinesiophobia, pain and
functional disability

v

Group B - graded motor imagery
Pre-analysis (n = 10)

For shoulder flexion, abduction,
external rotation ROM,
kinesiophobia, pain and

functional disability

.

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

'

Group B - graded motor imagery
Post-analysis (n = 10)

For shoulder flexion, abduction,
external rotation ROM,
kinesiophobia, pain and

functional disability

Follow-up

Analysis

Fig. 1. CONSORT (Consolidated Stan-
dards of Reporting Trials) flow diagram.

ROM: range of motion.

3. Outcome measures

After collecting a small amount of demographic data from
the subjects, pre-treatment ROM, fear of movement, pain,
and functional disability outcomes were assessed by a
blinded outcome assessor. Primary outcome measures
were shoulder flexion, abduction, and external rotation
ROM using a universal goniometer and fear avoidance be-
lief questionnaire (FABQ) score, whereas secondary out-
comes were visual analogue scale (VAS) and shoulder pain
and disability index (SPADI) scores.

1) Shoulder ROM using universal goniometer

Fair to good reliability was noted for assessment of shoul-
der flexion, abduction, and external rotation ROM using a
goniometer (Inter-rater = 0.64-0.69; intra-rater = 0.53-0.65)
[18].

ROM was assessed in a supine position with hips flexed,
knees flexed, and arms kept in the anatomical position.
To assess shoulder flexion ROM, the goniometer axis was
placed at the lateral side of the head of the humerus. The
stationary arm was kept parallel to the trunk whereas the
movable arm was placed laterally pointing the lateral epi-
condyle and the patient was told to flex the shoulder in the
sagittal plane. To assess abduction ROM, the goniometer
axis was placed at the front part of the shoulder inferior to
the coracoid process. The stationary arm was kept parallel
to the mid-axillary line and the movable arm was placed
in line with the humerus. Patient was then asked to ab-
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duct the shoulder in frontal plane. To measure shoulder
external rotation ROM, the arm was positioned as the
shoulder was abducted to 90° and the elbow flexed to 90°.
The forearm was placed halfway between pronation and
supination. The goniometer axis was kept at the olecranon
process and the arm was placed perpendicular to the floor.
The movable arm was pointed towards the ulna styloid
process and kept parallel to the longitudinal axis of the
ulnar side of forearm. Subjects were then asked to perform
an external rotation movement [19].

2) Revised version of the FABQ

The FABQ is used to check fear related to movement. The
FABQ has a total of 16 questions about physical activity
(FABQ-PA) and work (FABQ-W). Each item is scored from 0
to 6. Lower scores indicate less fear of movement. Since we
were studying FS, the term back from the questionnaire
was replaced with shoulder. As the questionnaire is origi-
nally in English language, it was translated in the most
understandable language for each subject. This question-
naire has fair reliability in patients having shoulder pain
(intraclass correlation coefficient [ICC] = 0.88) [12].

3) VAS
The VAS permits a person to visually score pain along a 10
cm line where 0 represents no pain and 10 represents max-

imum pain. The procedure was explained to each subject
in simple language and then they were asked to put a mark
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on the VAS line at the point that represented their pain in-
tensity. Using a ruler, the score is calculated by determin-
ing the distance. It has fair reliability in both literate (r =
-0.94, P = 0.001) and illiterate (r = -0.71, P = 0.001) subjects
[20,21].

4) SPADI

SPADI contains 13 items, with 5 items measuring pain and
8 items measuring disability. Each item of the scale was ex-
plained to the subjects in a language they understand, and
they were then asked to score each item from 0 to 10 where
0 represents no pain and 10 represents the worst imagin-
able pain. The total score out of 100 was calculated. SPADI
has good test-retest reliability (ICC = 0.89) in subjects with
FS [22,23].

4. Intervention
1) Control group (Group A, n=10)

Subjects in this group received conventional physiother-
apy treatment which is strongly recommended by vari-
ous authors for improving ROM and decreasing pain in
subjects with FS [10]. It included a hot moist pack applied
in supine or sitting position for 15 minutes, interferential
therapy (vectristim-100; Technomed Electronics, Chennai,
India) for 20 minutes at 4,000 Hz carrier frequency with an
amplitude modulated frequency of 0 to 250 Hz [24]. Along
with the physical agents, exercise like Codman’s pendu-
lum exercises in flexion-extension, abduction-adduction,
and circular motion, active assisted ROM exercises with
a wand, capsular stretching, wall ladder, and shoulder
wheel exercises were also prescribed [2,4,10,25].

The treatment was provided 3 times a week for 3 weeks
by a qualified orthopedic physiotherapist in an outpatient
department of physiotherapy. Subjects were also asked to
perform same exercises at home along with application of
a hot moist pack twice a day for 3 weeks. Hence, a total of
9 sessions of conventional physiotherapy were given face
to face along with the home exercise program. A diary was
provided to each subject to maintain their record of daily
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Fig. 2. The figure describes stage 1 of
graded motor imagery (week 1). It in-
cludes laterality recognition of shoulder
joint. Various flash cards are presented in
front of the subject and he/she is asked
to recognize if the shoulder is right or left.

Fig. 3. The figure describes stage 2 of graded motor imagery (week 2).
It includes imagining shoulder movements without actually moving the
joint. Flash cards of shoulder joint are shown to the patients to imagine
the movement.

exercises. The intensity and repetitions of the exercises
were increased from week 1 to week 3 according to the
subject’s tolerance and response to the treatment.

2) Experimental group (Group B,n =10)

Subjects received GMI along with the conventional phys-
iotherapy. Each stage of GMI was prescribed for 1 week.
In the 1st week, laterality recognition was taught to the
subjects. It includes left/right judgments of photographs
that depict the affected area. For the shoulder this involves
viewing an image of a shoulder and judging whether that
image is a left or a right shoulder. Numerous flash cards
showing images of left and right shoulder were provided to
the patient and they were asked to recognize the left and
right shoulders (Fig. 2). Also, they were asked to see peo-
ples’ shoulders and judge whether they were left or right.
In the 2nd week movement visualizations were performed.
These included visualizing the affected area without actu-
ally moving the area. Images of both the shoulders were
randomly given and subjects were advised to imagine the
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movements shown in the picture. The subjects were asked
to imagine pain free, smooth and full range movements
(Fig. 3). The final step of GMI was mirror therapy, which
included observation of the movements of unaffected
body part in the mirror. This gives an illusion of a moving,
but pain free, affected limb, thus providing positive feed-
back that the movement can be pain free (Fig. 4).

Subjects preformed each stage of GMI three times a
week in the presence of a qualified physiotherapist in the
outpatient Physiotherapy department, along with the con-
ventional treatment as mentioned above. Hence, a total of
9 sessions of GMI (3 sessions of each stage) were provided
face to face. Subjects were also asked to perform the same
interventions at home for 10 minutes every 2 hourly ev-
ery day. A diary was provided to maintain records of this
[12,13,15].

SPSS (ver. 20.0; IBM Co., Armonk, NY) software and Ex-
cel 2013 (Microsoft, Redmond, WA) were used during data
analysis. The Kolmogorov-Smirnov test was used to deter-
mine the normal distribution. For within-group compari-
sons, the paired t-test or Wilcoxon singed rank test were
used. For between-group comparisons, the Mann-Whit-
ney test, independent t-test, or Welch’s t-test were used. A
Pvalue of < 0.05 was considered statistically significant.

RESULTS

Baseline characteristics were compared and no statistical
difference was found between the two groups (Table 1).
The results showed there were statistically significant dif-
ferences within both the control group as well as the GMI
group in terms of primary outcomes, i.e., flexion, abduc-
tion, and external rotation ROM using a universal goni-
ometer and fear of movement with the FABQ as well as in
terms of secondary outcomes, i.e., pain using VAS scores
and functional disability with SPADI scores (Table 2).
There was significant difference between the groups
in terms of improving abduction ROM as well as reduc-
ing fear of movement, pain, and functional disability.
When the pre- and post-intervention mean differences
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Fig. 4. This figure shows stage 3 of grad-
ed motor imagery (week 3). It includes
mirror therapy in which subjects were
asked to move their unaffected shoulder
in front of mirror imagining a pain free,
full range of motion of affected shoulder
which is showing in the mirror.

Table 1. Subjects’ demographic data and clinical characteristic by
groups

) Group A Group B
Baseline
characteristic (Control group, (GMI group, P value
n=10) n=10)
Age (yr) 58+ 725 571724 0.760
Sex (M:F) 3.7 3.7
BMI (kg/m?) 26.62 + 3.05 2729 +4.29 0.690
Primary outcome
ROM (°)
Flexion 127 + 17.66 118+ 20 0.320
Abduction 100.5 + 18.62 102 £ 17.82 0.850
External rotation 245 + 12,57 24 +14.68 0.930
FABQ score 35.1+9.01 38.7+£8.23 0.360
Secondary outcome
VAS score 7.7+1.15 85+143 0.180
SPADI score 49.75+10.32 53.40+12.39 0.480

Values are presented as mean + standard deviation or number only.
GMI: graded motor imagery, BMI: body mass index, ROM: range of mo-
tion, FABQ: fear avoidance belief questionnaire, VAS: visual analogue
scale, SPADI: shoulder pain and disability index.

were compared for both the groups, it was observed that
the GMI group showed significantly better improvement
in abduction ROM and reduction in fear of movement,
pain, and functional disability. However, when compared
between the groups, both groups showed equal improve-
ment and there was no statistically significant difference
found between the control and GMI groups in terms of
flexion and external rotation ROM (Table 3).

DISCUSSION

The present randomized controlled trial was aimed at as-
sessing and comparing the effects of GMI and convention-
al physiotherapy in people with FS. The comparison was
done in terms of three objective measures (flexion, abduc-
tion, and external rotation ROM using a universal goniom-
eter) and subjective measures (fear of movement using the
FABQ, pain using the VAS, and functional disability using
the SPADI).

The present study showed a significant reduction in fear
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Table 2. Within group comparison of outcome measures pre and post treatment

Group A (Control group, n = 10)

Group B (GMI group, n = 10)

Outcome measure
(pfe) (pqst) ) Mean P value (pfe) (pqst) ) Mean P value
Session 1 Session 9 difference Session 1 Session 9 difference
Primary outcome measure
ROM
Flexion 127 + 17.66 154 + 13.83 275 <0.001 118 + 20.60 157 +14.18 38.5 <0.001
Abduction 100.5 + 18.6 124 + 17.76 235 <0.001 102 + 17.82 147 +19.48 45 <0.001
External rotation 24 +£125 34 £15.17 10 <0.001 24 + 14.68 48 £15.84 24 <0.001
FABQ score 35.5+9.01 28.2+9.3 7.3 <0.001 38.7+£8.23 14.4 +3.43 24.3 <0.001
Secondary outcome measure
VAS score 7.7+1.15 6.3+1.63 14 <0.001 85+143 3.9+0.73 4.6 <0.001
SPADI score 49.75+10.3 35.56 £ 5.45 14.19 <0.001 53.40+124 25.09+6.34 28.31 <0.001

Values are presented as mean * standard deviation or number only.

GMI: graded motor imagery, ROM: range of motion, FABQ: fear avoidance belief questionnaire, VAS: visual analogue scale, SPADI: shoulder pain and dis-

ability index.

Table 3. Between group comparison of outcome measures pre and post
treatment

Between
group analysis

Mean difference
from baseline

Outcome measure

Group A Group B Palue
(Control group) (GMI group)
Primary outcome measure
ROM
Flexion 275 38.5 0.690
Abduction 235 45 0.014*
External rotation 10 24 0.060
FABQ score 73 24.3 0.004*
Secondary outcome measure
VAS score 14 4.6 0.001*
SPADI score 14.19 28.31 0.009*

GMI: graded motor imagery, ROM: range of motion, FABQ: fear avoidance
belief questionnaire, VAS: visual analogue scale, SPADI: shoulder pain
and disability index.

*P < 0.05, hence statistically significant difference.

of movement after 3 weeks of GMI intervention. Similar
studies have been done before to assess the effect of GMI
on fear avoidance behavior. Evidence supports that in
chronic pain there is different primary sensorimotor cor-
tex representation. This rearrangement of cortical struc-
tures causes alterations in the body map representation of
a subject. These affected representations are responsible
for CS. GMI comprises cortical remapping techniques
such as left-right judgments, visualization of a body part,
and mirror therapy. GMI desensitizes the hypersensitive
nervous system and thus helps in reducing fear of move-
ment [11].

In a study, the effect of GMI on kinesiophobia in subjects
with knee OA was assessed and in conclusion, the authors
suggested the use of GMI to reduce kinesiophobia in sub-
jects with knee OA [26]. Sawyer et al. [12] did a case study
on the effect of GMI on a subject with FS and found similar
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results. The authors proved that for a patient with fear of
movement, using a ‘top down’ approach was found to be
very effective.

In the present study, the shoulder pain was also sig-
nificantly reduced post intervention in the GMI group.
Moseley [14] assessed the effect of GMI on pathologic
pain. This study had included 51 subjects with phantom
limb pain and chronic regional pain syndrome. The au-
thor concluded that GMI is effective in reducing pain in
these conditions. In a systemic review it was observed
that the individual stages of GMI as a treatment to reduce
pain doesn’t produce a significant effect, but using the 3
sequential components of GMI intervention has shown
better alleviation of pain [15]. The reason behind shoulder
pain reduction might be the presence of CS in FS. Evidence
has shown that pain is associated with CNS. Advanced im-
aging and cortical mapping techniques have shown that
there is positive correlation between sensorimotor cortex
disorganization and pain intensity. GMI is a phenomenon
which helps in cortical remapping which reduced fear
avoidance behavior, thus reducing the pain [27].

Studies have proved that there is positive correlation
between fear of movement and shoulder dysfunction.
Hence, as the fear of movement increases, the SPADI score
increases [28]. In our study it was found that fear of move-
ment was better reduced using GMI intervention. Also, de-
crease in pain helps in improving shoulder joint function.
This is why, in the present study, a significant reduction in
the functional disability of the shoulder was seen after 3
weeks of GMI intervention.

In this study, GMI along with conventional physiothera-
py showed slightly better outcomes in terms of improving
abduction ROM. Evidence has shown that GMI is a “hands
off, top down” approach which helps in reducing fear of
movement and improves joint ROM. In a pilot study, sub-
jects with knee OA were assessed to compare the effects of
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GMI and progressive muscle relaxation. It was concluded
that both the interventions were effective, but GMI was
more effective in subjects with knee OA [26]. Sawyer et al.
[12] stated that GMI is believed to be useful in re-arranging
the brain maps (homunculus), thus reducing pain and
improving ROM [11,12]. But, in a systemic review, it was
observed that in acute musculoskeletal conditions, GMI
was not useful in improving ROM [29]. As we had included
subjects with only stage 1 and stage 2 (acute stages) of FS,
there was equal improvement in ROM in both the groups
except in regard to abduction.

The present study had certain limitations. Carryover
effects of GMI were not assessed, as the follow up was not
performed after 3 weeks of intervention. The duration of
the GMI intervention was short compared to most of the
studies, as there was less subject compliance because of
COVID-19. Also, manual therapy was not given to any of
the groups. In future studies, a comparison of the effect of
GMI versus manual therapy can be made, assessing the
long-term effects.

In conclusion, it can be stated that GMI as an adjunct
to conventional physiotherapy can be a better approach
of treatment in terms of reducing pain, fear of movement,
and in improving shoulder function in subjects with acute
ES.
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