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Abstract

Study aim: To evaluate the effectiveness of extracorporeal shockwave therapy (ESWT) for frozen shoulder in perimenopausal
diabetic women.

Materials and methods: A single blind randomized controlled trial was conducted on sixty-two perimenopausal women diag-
nosed with diabetic frozen shoulder. They were divided randomly into two groups. Group (A) received physiotherapy program
in the form of maitland joint mobilization for shoulder joint, self-stretching exercises, range of motion exercises (ROM) and
strengthening exercises. Sessions were held 3 times per week, for 4 weeks. Group (B) study group: received the same physi-
otherapy program in addition to ESWT, once per week, for 4 weeks. Visual analogue scale was used to measure pain intensity,
shoulder pain and disability index (SPADI) was used to evaluate disability level, while an electrogoniometer was used to
measure shoulder flexion, abduction and external rotation range of motion. All measurements were recorded pretreatment and
posttreatment program.

Results: For intragroup comparison, significant improvement in all treatment outcomes was noted in both groups (P < 0.05).
However, no significant differences were found between both groups regarding all outcome measures in case of intergroup
comparison in the study (P > 0.05).

Conclusion: The use of ESWT have a positive effect in reducing pain and improving shoulder range of motion in perimeno-

pausal women suffering from frozen.
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Introduction

Adhesive capsulitis (AC) is common spread within
women of forty to seventy years. Frozen shoulder (FS) is
another name of AC, it is an idiopathic problem affecting
the musculoskeletal system causing pain and limitation in
shoulder movement [10, 32]. It disrupts patient’s daily life
due to degenerative changes that develops in the joint cap-
sule with associated adhesions, rotator cuff, biceps brachii
and the surrounding tissues [33]. This will eventually lead
to a decline in external rotation and loss of flexibility [14].
Adhesive capsulitis (AC) usually develops by 3 phases:
Freezing (painful) phase: it is length two to nine months
and pain increased at night. Frozen (adhesive) phase: the
pain will begin to subside followed by gradual limitation
in shoulder movement in all directions for four to twelve

months and Thawing phase: in this phase there is progres-
sive go back to range of motion (ROM) that takes about
5-26 months to complete [8].

Diabetes Mellitus (DM) increasing hardship of FS
patients because it affects their musculoskeletal system
which aggravates pain and ROM limitations in both shoul-
ders [37]. There is a variety of definitions regarding the
term perimenopause found in the previous literature, this
paper will use the definition suggested by several estab-
lished organizations such as the Society of Obstetricians
and the World Health Organization (WHO), which state
that perimenopause starts from two to eight years before
menopause and the first year after the last menstrual pe-
riod. According to this definition, perimenopause usually
develops around the fifth decade due to the endocrinologi-
cal and clinical disturbances that accompanies the actual
menopause [5].
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Dedicagdo et al., reported that 70% of perimenopausal
women suffer from symptoms associated with estrogen
deficiency such as musculoskeletal pain [13]. Around time
of menopause (perimenopause), estrogen deficiency takes
place causing slow-progressing joint inflammation (oste-
oarthritis) which leading to cartilage degeneration [20].
A study performed by Yokota et al., explored the relation
between symptoms severity and body mass index in Japa-
nese middle-aged women, they concluded that shoulder
stiffness is a characteristic symptom in Japanese perimen-
opausal women [41].

A possible explanation for musculoskeletal pain in
the perimenopausal period can be related to hormone al-
terations, especially hypoestrogenism, that can cause the
wearing of the cartilage, like the bone mass loss that oc-
curs in perimenopausal women. On the other hand, the
sexual hormones are part of the pain modulation process,
which makes perimenopausal women more sensitive to
pain. [13].

There are many localized physiological effects of
shockwave in diabetic FS through enhancing the local
circulation, facilitate neovascular changes, production of
enzymes and enhance local flexibility of collagen fibers
because of decreased secretion of inflammatory cytokines
[1, 21]. Pain arising from musculoskeletal disorder such
as myofascial pain, rotator cuff tendonitis and sacroiliac
joint pain can be controlled by ESWT due to is powerful
analgesic effects [7].

The purpose of this study is to evaluate the differ-
ence in effectiveness between ESWT and standard physi-
otherapy for frozen shoulder in perimenopausal women. It
was hypothesized that there would be a significant differ-
ence between ESWT with maitland joint mobilization for
shoulder joint, self-stretching exercises, range of motion
exercises (ROM) and strengthening exercises would mini-
mize pain and improve ROM and function in perimeno-
pausal diabetic women with frozen shoulder.

Materials and methods

This study was conducted at the outpatient clinic of
October 6 University hospital between November 2020
and January 2021. Sixty-two women diagnosed with dia-
betic frozen shoulder based on MRI findings and clinical
examination were recruited for this study. COVID safety
measures were taken during the study as described by
World Health Organization [40]. The perimenopausal sta-
tus of participants was identified as described previously
[8, 11, 26]. The inclusion criteria were: (1) Women’s age
between 40 to 60 years old; (2) suffering from AC for 2-9
months (stage 1: the painful phase) confirmed by an ortho-
pedic specialist; (3) passive/ active restricted ROM less

than or equal to 90 degrees at external rotation, abduc-
tion, and flexion; (4) diagnosed as type 2 DM for at least
5 years (FBS > 126 mg/dl); (5) no treatment other than
analgesics. Patients were excluded from the study were
cases of traumatic frozen shoulder, rheumatoid arthritis,
recurrent subluxation of shoulder, cervical radiculopathy,
history of shoulder surgery, history of tumors, and vascu-
lar diseases. The study followed the Declaration of Hel-
sinki guidelines and received the ethical permission from
the local institutional review board at the Faculty of Physi-
cal Therapy, Cairo University under registration number
P.T.REC/012/002983 before the study commencement. In
addition, all subjects signed a written informed consent re-
garding use of anonymized data for research and publica-
tion purposes.

Sample size determination

A preliminary power analysis (power = 0.8; o = 0.05)
determined an appropriate sample size of at least 58 cases
based on a previous similar study [35].

Study design

This study was designed as a prospective, randomized,
controlled trial. Total number of participants were 70 peri-
menopausal women, 3 participants did not meet the inclu-
sion criteria, five perimenopausal women refused to par-
ticipate in this study and 62 perimenopausal women were
included in the study (Figure 1). An orthopedic surgeon
assessed the participants for eligibility to the study, and he
was blinded to the study. All the participants were assessed
by the same physician prior to beginning the program and
after the 4 weeks finished. The patients were not informed
of the treatment assignments. The second author who was
not involved in data collection process randomized all
patients who met the inclusion criteria using sequentially
numbered opaque sealed envelopes that contained treat-
ment assignments drawn from a random number software
generator. An independent researcher was recruited for for
opening the opaque envelopes. A researcher different from
15t and 2" authors belonging to our research group was
responsible for data collection at baseline and after the end
of the treatment program, and he was blinded to group al-
location.

Patients who fulfilled the inclusion criteria were ran-
domly assigned to one of 2 groups using a secure system
of opaque closed envelopes that were arranged from A to
B. Patients were assigned to one of the 2 groups: The con-
trol group (Group A) included 31 diabetic female (FBS >
126 mg/dl) with shoulder AC who received physiotherapy
for 4 weeks while the study group (Group B) included
31 diabetic female (FBS > 126 mg/dl) with shoulder AC
whom get a similar physiotherapy program, together with
ESWT for 4 weeks.
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[ Enroliment ]

Assessed for eligibility (n = 70)

Excluded (n=28)

» Not meeting inclusion criteria (n = 3)
(Diagnosed with type 2 DM 5, 7 and 12 months
before the study)

* Declined to participate (n = 5)

(Scared = 2, traveled to another city = 2,

not convinced = 1)

\ 4

Randomized (n = 62)

¥ [ Allocation } v
Allocated to intervention (n = 31) Allocated to intervention (n = 31)
¢ Received allocated intervention (n = 31) ¢ Received allocated intervention (n = 31)
+ Did not receive allocated intervention (n = 0) ¢ Did not receive allocated intervention (n = 0)
\ 4 [ Follow -Up ] v
A8 J
Lost to follow-up (n =0) Lost to follow-up (n = 0)
Discontinued intervention (n = 0) Discontinued intervention (n = 0)
Discontinued intervention (n = 0)
v [ Analysis ] v
A J

Analysed (n = 31)
¢ Excluded from analysis (n = 0)

Analysed (n = 31)
¢ Excluded from analysis (n = 0)

Figure 1. Flowchart showing the experimental design of the study

Intervention

Group (A):

Participants in this group received physiotherapy pro-
gram in the form of: (a) Maitland passive joint mobili-
zation for shoulder joint; (b) self-stretching exercises;
(c) ROM exercises in pain-free range for 5—10 minutes;
(d) strengthening exercises [36]. Two certified instructors
supervised the exercises as a daily home routine with vid-
eo calls. The instructors were blinded to the study.

A. Maitland’s Mobilization procedure:

When participants in supine lying position, distraction
of the humeral head was applied at 1!, before mobilization.
To mobilize the anterior capsule’s compartment, shoul-
der joint in 90° flexion, then press the posterior shoulder
compartment, the applied force was toward the anterior
direction. To mobilize the anterior capsule’s compartment,
shoulder 90° abduction, then press the anterior part of the

shoulder, the applied force was toward the posterior di-
rection. Longitudinal caudal mobilization was indicating
diabetic woman to abduct her shoulder joint to 90°. The
accessory mobilization was performed at a rate of two to
three passive oscillatory movements per second for ap-
proximately 30 seconds, 5 sets were applied [25, 31].

B. Stretching exercises:

Self-stretching Exercises were started in low inten-
sity for all shoulder joint directions aiming to increase
ROM of glenohumeral joint. Participants were asked
to maintain each stretch for 30 seconds followed by 10
seconds rest period in between and were repeated for 5
times. Participants were practiced stretching exercises as
a daily home routine [4, 27]. For shoulder external rota-
tion and flexion stretching, woman was seated on a stool
at the side of a treatment table with her forearm rested
on the treatment table and her elbow flexed 90°, lean
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forward until her head and shoulder reach to the treat-
ment table level.
C. Range of Motion Exercises Program:

¢ Finger ladder Exercises: a hanging ladder over
a wall was used in which a woman stood facing it. The
affected hand rested on the ladder at starting step at a low
level and moved slowly toward the above steps as much as
she can, then slowly moved down toward the below steps
until reach the starting step.

¢ Circumduction Exercises: women were assumed
a prone lying toward the edge of the bed, while the af-
fected shoulder hanged out of the bed then slowly rotate it
in circular motion in form of sets for 5 to 10 times/day.

¢ Pendulum Exercises: from sitting on stool women
were leaned toward the treatment table with non-affected
side supported on it, while the affected side shacked sever-
al times to reach complete relaxation then move it forward
and backward several times until feel the full weight of the
arm with slight stretching with pain free in form of sets for
5 to 10 times/day.

¢ Pulley Exercises:

15t shoulder pulley exercise (Up and Down — Facing
the shoulder rope pully): woman’s chair faced the shoul-
der rope pully, the non-affected arm pulls the injured arm,
gently stretching it forwards and up, holden in the final
position for 10 seconds and then lower the arm.

2" shoulder pulley exercise (Shoulder Abduction): the
chair was turned sideways to the shoulder rope pully so
the injured arm is closest to the door. The pulley handles
were holden and pulled the injured arm up to the side as
high as possible alternatively with the non-affected side.
Hold for 10 seconds. Relax and repeat 5 to 10 times.

3rd shoulder pulley exercise (Up and Down Back to
the shoulder rope pully): the chair was turned to facing the
rope pully. The pulley handles were holden and pulled the
injured arm up to the side as high as possible alternatively
with the non-affected side. Hold for 10 seconds. Relax and
repeat 5 to 10 times.

4t ghoulder pulley exercise (Internal Rotation): the
woman was seated on a chair against the shoulder rope
pully. Woman was grasped the pulley handles with both
hands. Pulled down on the pulley with non-affected arm.
This moved up the affected arm over woman’s head as
high as she can. Hold for 10 seconds. Relax and repeat
5 to 10 times [36].

D. Strengthening exercises:

Strengthening exercises were started with weights,
therabands and springs .The exercise protocol and man-
ual therapy were given to improve coordination, muscle
strength and mobility of rotator cuff muscles to unload the
subacromial space during active movements.

Group (B):

All patients in both groups received the same physio-
therapy program in addition to ESWT, once per week, for

4 weeks. The treatment position was sitting with the full
support of the back; the affected shoulder was exposed,
and a coupling gel was applied on it to limit the loss of
energy at the interface between skin and applicator head.
Then, the ESWT was applied close to the insertion of rota-
tor cuff muscle on the most trigger point (subscapularis
muscle) in accordance with the previous findings [18]. The
ESWT applied 2000 impulses in one session. The density
of energy was 0.22 mJ/mm?, the pulse rate was 10/sec and
the frequency was 1-15 Hz [3].

Outcome measures

1. Visual analogue scale (VAS) was used to assess the
severity of pain before and after treatment for both gro-
ups. It consists of a 10 cm line with varying degrees
of pain intensity from 0 (no pain) to 10 (killing pain).
Patients were instructed to place a mark along the line
to indicate their pain severity [15].

2. Shoulder pain and disability index (SPADI) was
used for evaluation of pain and functional disabili-
ty of the shoulder joint pre/post-treatment for both
groups. It is a self-revealed measure created to assess
shoulder pathological conditions. It exhibits good te-
st-retest reliability & construct and criterion related
validity. The index consists of 13 items that repre-
sent two subscales: pain level (which compromising
5 items and functional disability compromising 8
items. Each item in the pain subscale offered 11 an-
swers, ranging from zero (representing no pain state)
to 10 (representing the worst imaginable pain). Eve-
ry item in the disability subscale was presented with
11 answers that ranges from zero (no difficulty) to
10 (difficulty requiring assistance). The overall score
was calculated by averaging the scores of pain and
disability subscales [38].

3. Electrogoniometer [Model 01129 Guymon goniometer]
was used to measure range of moton for all patients in
both groups pre- and post-treatment. The assessment
was done for shoulder flexion, abduction and external
rotation for every patient. Three continuous measures
were recorded in each direction and the average of
them was taken [12].

Statistical analysis

Statistical analysis was done by a statistician who was
blinded to the treatment and group’s allocation. Normal
distribution of data was checked using the Shapiro-Wilk
test for all variables. The mean and standard deviation
(SD) were used for expression of results for data analy-
sis. Unpaired t-test was used to compare various variables
between groups. Paired t-test was performed within same
group for various variables as compare pre- and post-
assessment in normal data. Statistical Package for Social
Sciences (SPSS) computer program (version 23 windows)
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was used to analyze the data. The significance of effects
was pre-determined at < 0.05.

Results

Sixty two patients were recruited for the study. No ad-
verse events were recorded at any time during the study
period, and all patients completed the assigned treatment

and were analyzed at the end of the study. The demograph-
ic and clinical baseline characteristics of the three groups
were well balanced (Table 1).

The results of VAS, SPADI, shoulder flexion, abduc-
tion, and external rotation ROM for the two groups at
each measurement stage are shown in table 2. For intra-
group comparison, both the control group and study group
showed significant differences between pre- and post-
treatment scores for all outcome’s measures.

Table 1. Descriptive statistics and independent t tests for the participants in both groups

Parameters Group A Group B tvalue pvalue Sig.
Age [years] 52.7+7.8 524+7.1 -0.328 0.745 NS
Weight [kg] 75.68 £ 6.83 78.26 = 7.54 1.4124 0.163 NS
Height [cm] 172.87 £4.51 173.65+£3.89  0.7243  0.4717 NS
Body mass index (BMI) [kg/m?] 24.568 £2.542  25.729+2.662 1.7568  0.0841 NS
Systolic blood pressure [mmHg] 108.5+10.7 1069 + 11.1 0.5778  0.5656 NS
Diastolic blood pressure [mmHg] 73.7+£6.58 76.2 + 4.4 1.7585  0.0838 NS
Time since first diagnosis of frozen shoulder (FS) [years] 82+24 7.4+1.59 1.5472  0.1271 NS
Duration of illness (FS) [months] 6.3+2.58 6.1+232 0.3209 0.7494 NS
Table 2. The VAS, SPADI and shoulder ROM for both groups

Parameter Control group Study group P value*

Pretreatment 7.9+12 7.6+1.34 0.22 ns
VAS Posttreatment 2.8+0.92 1.9+0.73 0.08 ns

% of improvement 64.55% 75.0%

P value ** 0.001 S 0.001 S

Pretreatment 74+12 6.92+1.3 0.36 ns

Posttreatment 1.9+£0.85 1.5+0.68 0.1 ns
SPADI .

% of improvement 74.3% 78.3%

P value ** 0.001 S 0.001 S

Pretreatment 94.35 £6.38 96.79 + 6.87 0.47 ns

Posttreatment 138.52+12.3 1452+ 11.15 0.16 ns
SHOULDER FLEXION .

% of improvement 46.86% 50.01%

P value ** 0.001 S 0.001 S

Pretreatment 103.53 +7.98 102.1 £7.63 0.1 ns

Posttreatment 154.66 = 20.32 159.5+10.97 0.54 ns
SHOULDER ABDUCTION .

% of improvement 49.32 % 56.3%

P value ** 0.001 S 0.001 S

Pretreatment 23.33£4.57 24.6 £4.26 0.28 ns
SHOULDER EXTERNAL Posttreatment 38.2+6.21 4233 +2.44 0.35ns
ROTATION % of improvement 63.3% 72.07%

P value ** 0.001 S 0.001 S

* Inter-group comparison; ** intra-group comparison of the results pre- and post-treatment. ns — P > 0.05 = non-significant, SP <0.05 = significant,

P = probability.
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For Intergroup comparisons, at baseline, no differences
were detected between the two groups in pain (p = 0.22),
SPADI (p =0.36), shoulder flexion ROM (p = 0.47), shoul-
der abduction ROM (p = 0.54) or shoulder external rota-
tion ROM (p = 0.28). unpaired t-test revealed no statisti-
cally significant difference when comparing both groups
for pain (p = 0.08), SPADI ( p = 0.1), shoulder flexion
ROM (p = 0.16). shoulder abduction ROM (p = 0.54) and
shoulder external rotation ROM (p = 0.35).

Discussion

This study intended to assess the efficacy of ESWT for
frozen shoulder in perimenopausal women, many studies
investigated the efficacy of ESWT on several musculoskel-
etal disorders [17, 19, 22, 28]. however, studies investigat-
ing efficacy of ESWT on frozen shoulder remain rare and
require further studies on specific set of populations as
well. This paper addressed this issue by focusing on a spe-
cific population represented by diabetic perimenopausal
women which so far lacking in the scientific literature.

Adhesive capsulitis disrupts patient’s quality of life;
usually patients suffer from shoulder pain, limited ROM,
and sleep disturbances in severe cases. Different tech-
niques are used in physical therapy for treating diabetic
frozen shoulder which include mobilization techniques,
psychotherapy, manual therapy, thermotherapy, ultrasound
therapy, etc. [35]. ESWT therapy is a new treating meth-
od, which is a non-surgical treatment method. Studies re-
ported that combination of ESWT with physical exercise
had beneficial impacts on FS [30, 35]. In this study, we
found that pain intensity was decreased, and function and
shoulder ROM were significantly increased in both groups
in case of intragroup comparison. However, no signifi-
cant differences could be obtained when comparing both
groups in intergroup level. Chen et al., [9] reported sta-
tistically significant differences in shoulder ROM meas-
urements on 40 patients with adhesive capsulitis after the
application of ESWT. Consistent results were reported by
Muthukrishnan et al., [30] who evaluated the effectiveness
of ESWT versus ultrasound therapy in patients with dia-
betic frozen shoulder, they combined both treatment mo-
dalities with joint mobilization and therapeutic exercises.
They obtained positive impact of ESWT combined with
exercises and joint mobilization on pain scores in patients
with diabetic frozen shoulder. Their results highlight the
significance of adding exercises and manual therapy tech-
niques to ESWT in treatment of frozen shoulder. Howev-
er, Lee et al. [21] used only ESWT on 30 patients suffering
from adhesive capsulitis regarding pain level and shoulder
ROM and reported that the pain decreased, and the ROM
increased in the intragroup level, but the ESWT group had
lower level of pain and higher ROM in intergroup level,

suggesting that ESWT, as an effective intervention to re-
duce pain and improve the ROM in adhesive capsulitis
patients.

These results reflected the beneficial effect of adding
exercise therapy plus ESWT on diabetic women suffering
from shoulder adhesive capsulitis. Application of stretch-
ing exercise can reduce the additional tensile loads de-
veloped around the non-contractile connective tissue of
the shoulder joint and produce inhibition of the muscular
contractile elements by the Golgi tendon organ that causes
reflex relaxation of the muscle. This can enhance muscle
lengthening with less tension [6].

Meanwhile, joint mobilization also contributes to elic-
ited golgi tendon organ activity which helps to inhibit
tight muscles around the shoulder joint [23]. Mangus et
al. highlighted the analgesic assets of joint mobilization
based on its neurophysiological effects through stimula-
tion of mechanoreceptors and inhibition of nociceptors
[24]. Another positive effect of joint mobilization is its
ability to breakdown adhesions, realign collagen, increase
fiber gliding through particular movements stressing the
capsular tissues and increase fluid exchange within the
joint. [2]

Vahdatpour et al., [39] found a significant reduction in
pain and disability scores of SPADI, as well as a signifi-
cant improvement in shoulder ROM in patients with frozen
shoulder after 4 weeks of shock wave therapy. The results
of the study of Alarab et al. confirmed that the combination
of ESWT plus exercising help to reduce pain and improve
shoulder ROM in patients with frozen shoulder [3].

One reason why VAS scores declined is the metabolic
effects of ESWT that alter the cell metabolic rate [34]. In
addition, the ESWT has a significant contributory factor to
healing of the tissues through secretion of angiogenic sub-
stances that enhance blood flow to the region [16]. Also,
application of ESWT with its fine repetitive stimulation
can suppress the activity of nociceptors [22].

According to the results of the current study, the study
group showed a significant increase in the in all directions
(flexion, abduction and external rotation) and significant
reduction in VAS and SPADI which are consistent with
the results of Do Moon et al. who recommended oscilla-
tory and sustained mobilization techniques for treating pa-
tients with frozen shoulder due to their positive effects on
the patient’s pain and shoulder ROM [29].

Limitations

The generalizability of these results is subject to cer-
tain limitations. For instance, uncontrolled diabetes mel-
litus for long time would influence the extent of capsular
fibrosis. This should be considered in future research. In
addition, the lack of long term follows up failed to obtain
additional results. Although the study used valid estab-
lished measurements, adding an objective measurement
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such as magnetic resonance imaging would have empow-
ered the results. The strength of this paper is that it was
the first work studying the effect of shock wave on frozen
shoulder in perimenopausal women.

Conclusion

The combination of shockwave therapy and standard
physical therapy program for 4 weeks has a positive ef-
fect on reducing pain, functional disability and increasing
shoulder ROM in diabetic perimenopausal women suffer-
ing from AC.

Conflict of interest: Authors state no conflict of interest.
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