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Abstract
Objective: To compare 2 different treatment approaches, physical therapy modalities, and joint mobilization versus whole-body cryotherapy
(WBC) combined with physical therapy modalities and joint mobilization, for symptoms of adhesive capsulitis (AC) of the shoulder.
Design: A randomized trial.
Setting: Hospital.
Participants: Patients with AC of the shoulder (NZ30).
Intervention: Patients were randomly assigned to 2 groups. The WBC group received physical therapy modalities, passive joint mobilization of
the shoulder, and WBC, whereas the non-WBC group received only physical therapy modalities and passive joint mobilization of the shoulder.
Main Outcome Measures: Visual analog scale (VAS), active range of motion (ROM) of flexion, abduction, internal and external rotation of the
shoulder, and the American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form (ASES) were measured before and after the
intervention.
Results: A statistically significant difference between groups was found for the VAS, active ROM of flexion, abduction, internal rotation, and
external rotation, and the ASES with greater improvements in the WBC group (Ps<.01). Overall, both groups showed a significant improvement
in all outcome measures and ROM measures from pre to post at a level of P<.01.
Conclusions: There is significant improvement with the addition of WBC to treatment interventions in this sample of patients.
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Adhesive capsulitis (AC), also termed frozen shoulder, is the one
of the most common disorders of the shoulder.1 Motion restriction
and pain can result in a progressive underuse of the affected side
and lead to a gross loss of function.2,3 A typical pattern of loss of
motion associated with AC is in external rotation, the most
significant loss of motion, followed by abduction, flexion, and
then internal rotation.4
Although an exact cause of AC is not fully understood,
a variety of clinical conditions and diseases can contribute to the
initiation of AC. These include prolonged immobilization of the
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shoulder for different reasons including rotator cuff injuries,
tendinitis and trauma, postsurgical intervention, acute fractures,
missed fractures, dislocations, exacerbation of cervical pain, pain
after overuse, and a multitude of different medical conditions.5-11
AC is more prevalent in women, those in middle age, and in
persons with diabetes.12-14
A variety of treatment strategies for AC have been developed to
alleviate pain and enhance range of motion (ROM) of the
shoulder. The mainstay of these is physical therapy, with other
options including chiropractic manipulation, corticosteroids either
through local injection or systemically, manipulation under
general anesthesia, scalene block, surgical intervention (arthroscopic and open arthrolysis), and intraarticular injection of fluid
volume.15-20 Although numerous physical therapy interventions,
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such as heat or ice applications, interferential therapy, transcutaneous electrical nerve stimulation, ultrasound, proprioceptive
neuromuscular facilitation techniques, active and/or passive ROM
exercises, muscle strengthening exercises, and joint mobilization
techniques, are used to treat shoulder AC,21,22 mobilization
techniques, frequently used by physical therapists and manual
therapists, are an important part of the intervention of many
physical therapy programs. Several studies2,23-25 have found
favorable outcomes after mobilization of the shoulder alone or in
combination with active exercises or local steroid injections. In
those studies, improved ROM of the shoulder, reduction in
shoulder pain, and improvement in shoulder function were
reported. However, in another study comparing manual mobilization in combination with passive stretching (stretching group)
with supportive therapy in addition to exercises within the pain
limits (supervised neglect group), the supervised neglect group
was found to show better outcomes than the stretching group in
regards to shoulder function and the speed of recovery. Although
there is growing interest in the use of these techniques for shoulder
AC, studies to support the use of these treatments are lacking.
Advances in the delivery of cryotherapy have led to broad
application of cold as an anesthetic agent for treatment of orthopedic injuries. Whole-body cryotherapy (WBC) is a tool administered with a brief exposure of very cold air in minimal clothing
that is maintained at 110 C to 140 C, generally for 2 to 3
minutes on the surface of the body in a special temperaturecontrolled chamber to treat symptoms of various diseases.26
Whole-body cryostimulation is usually performed once a day
for 10 days, although research regarding frequency is sparse.27
WBC has been found to decrease skin temperature abruptly
(.38 C decrease in sublingual temperature during a temperature
of 100 C WBC in 90s),28 possibly reducing pain and inflammatory symptoms with fibromyalgia, rheumatoid arthritis, chronic
low back pain, osteoarthritis, and ankylosing spondylitis.29,30
Whatever technique used, the main physiologic responses of the
human body to cold temperatures consist of changes in the
circulatory system (concentration of blood vessels in the skin
followed by their dilation and congestion of the skin),31 neuromuscular system (reduction of nerve conduction velocity and
muscle tension),32 endocrine system (increase in adrenocorticotropin concentration, b-endorphins, epinephrine, norepinephrine,
and testosterone concentration in men),33-36 and immunologic
system (increase in cell-mediated and humoral immunity).33,37-40
Studies of physiologic changes after human body exposures to
WBC have shown changes in antioxidant/prooxidant balance in
blood,41,42 and an anti-inflammatory43 and analgesic effect.44 It is
believed that increased b-endorphin concentration combined with
decreased nerve conduction in afferent fibers, which are responsible for pain reception, cause analgesic effect.34,44 Such complex
reactions of WBC on the human body could have a positive effect
on the rate of postinjury recovery after conservative AC treatment
and reinforce the usefulness of WBC in rehabilitation. Although

List of abbreviations:
AC adhesive capsulitis
ADL activities of daily living
ASES American Shoulder and Elbow Surgeons Standardized
Shoulder Assessment Form
ROM range of motion
VAS visual analog scale
WBC whole-body cryotherapy
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there has been a growing interest in WBC in rehabilitation,
management of AC of the shoulder with WBC has never been
investigated. WBC was first introduced toward the end of the
2000s in a few hospitals in South Korea.
Other physical therapy interventions, such as thermal and
electrical modalities, are used to relieve pain and increase physical
function in patients with AC, and more recently they have been
considered as adjuncts to the medical and physical therapy
management of the pathologies frequently seen by those specializing in musculoskeletal injury. Thermotherapy, such as a moist
heating pad and ultrasound, is the application of heat to the body
to relieve pain related to musculoskeletal injuries.45 Interferential
current therapy is also commonly used by physical therapists to
reduce pain.46-48 However, there is insufficient evidence to support
or refute the effectiveness of physical agents, such as thermal and
electrical modalities, combined with other physical therapy
interventions for AC.
The primary aim of this investigation was to determine the
most appropriate recovery strategy for shoulder AC. To do so, this
study compares 2 different treatment approaches (physical therapy
modalities and joint mobilization vs WBC combined with physical
therapy modalities and joint mobilization) on symptoms of AC. It
is hypothesized that the addition of WBC to physical therapy
modalities and joint mobilization for patients with AC is more
effective in reducing pain and disability than physical therapy and
joint mobilization alone.

Methods
This study was a single-blinded randomized trial, where the
investigator who performed the tests was blinded from group
assignments and from the randomization procedures. A total of 30
patients with AC of the shoulder ranging in age from 47 to 66 with
an average age  SD of 57.26.6 years participated in this study,
including 24 women (80%) and 6 men (20%). They were treated
between August 2009 and January 2010 at the outpatient clinic of
the department of physical therapy at the local hospital. Thirty
subjects were randomly assigned to either the WBC group (nZ15)
or the non-WBC group (nZ15) based on the treatment allocation
that was stored in consecutively numbered, opaque sealed envelopes to ensure concealment. The treatment allocation was
generated by an administrative assistant. Visual analog scale
(VAS) scores, active ROM measures, and the American Shoulder
and Elbow Surgeons Standardized Shoulder Assessment Form
(ASES) scores were obtained at baseline and 4 weeks after
randomization by a physical therapist not associated with
recruitment and intervention. Subjects were instructed not to
discuss any contents of their treatments with the assessor at
reassessment in order to maintain assessor blinding.
The WBC group received physical therapy modalities, passive
joint mobilization, and WBC, whereas the non-WBC group
received only physical therapy modalities and passive joint
mobilization. In both groups, the right shoulder was involved in
23 patients (77%) and the left shoulder in 7 (23%). In order to be
included in the study, subjects with AC were required to fulfill the
following inclusion criteria: (1) aged over 18 years and with an
AC diagnosis; (2) have had at least a 3-month history of pain and
stiffness of the shoulder; (3) have shown global restriction of
active and passive ROM of the shoulder concomitant with at least
25% loss of range in at least 2 motions of the shoulder, as
compared with the contralateral side; (4) not have had any
www.archives-pmr.org
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previous mobilization, manipulation, or arthroscopy; (5) have
demonstrated at least mild pain at the extreme of all motions of
the shoulder because of AC, constituting a 3 point on a 10 point
VAS49,50; and (6) did not have pathologic radiographic findings.
Plain film radiographs of the affected shoulder were obtained in all
cases, and the images of the radiographs indicated no abnormality
of the affected shoulder in all participants. All subjects reported
previous treatments including oral medication and physical
therapy interventions, except for manual therapy.
We excluded subjects with a history of type 1 or 2 diabetes
mellitus, cancer, rheumatoid arthritis, thyroid disease or cardiovascular disease, a history of any previous disorders of the
affected shoulder, a history of trauma to the distal part of the
affected limb (eg, elbow, forearm, wrist, or hand), a previous
shoulder surgery or recent fracture of the proximal humerus on the
same side, any known shoulder problems affecting shoulder ROM
(eg, rotator cuff tear or residual tear after repair), shoulder dislocation, and significant glenohumeral arthritis, reflex sympathetic
dystrophy, previous stroke with motor deficits, previous distension
of the affected shoulder, severe neurologic deficit of the affected
limb, extreme muscular size or morbid obesity, and cold
hypersensitivity.
We recruited all subjects by referral from an orthopedic
surgeon working in the hospital where the current study was
performed. All patients were screened by the same orthopedic
surgeon and a physical therapist, who had 10 years of clinical
experience, prior to inclusion in the study, and to address any
questions regarding the study. Prior to the study, all subjects
provided written informed consent, and the ethics committee of
the local hospital approved the study. Subject characteristics and
primary diagnosis are summarized in table 1.
The 2 groups were assessed using a VAS, active ROMs of
flexion, abduction, internal and external rotation of the shoulder,
and the ASES. The measurements were done prior to the start of
intervention and again after 4 weeks. Numerical pain intensity on
a typical day secondary to AC was rated using a 10-point VAS
with a score of 0 (no shoulder pain during a typical day) to 10
(worst possible shoulder pain during a typical day). The VAS has
a test-retest reliability of .60 to .7051 and a concurrent validity of
.76 to .84.51 Previous studies have reported that the responsiveness
of the VAS for shoulder pain was moderate to good.52,53
Active ROMs of flexion, abduction, and internal and external
rotation of the shoulder were measured with each patient in
a supine position using a conventional goniometer at pre- and
postintervention, in accordance with the guidelines of the American Academy of Orthopedic Surgeons.54 These shoulder

Table 1

Study subject characteristics

Characteristic
Sex, no. of female (%)
Age (y)
Height (cm)
Weight (kg)
Affected shoulder side,
no. of right side (%)
Duration of symptoms (wk)

WBC Group
(nZ15)

Non-WBC Group
(nZ15)

13 (87)
56.16.3
162.26.8
64.56.7
12 (80)

11 (73)
54.96.7
164.27.2
61.89.6
11 (73)

4.31.2

5.31.5

NOTE. Values are mean  SD or as otherwise indicated.
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measurements using a goniometer have been found to be highly
reliable when performed by the same physical therapist.55
Reduced ability to manage activities in everyday life secondary
to AC was estimated using the 30-point ASES (30 Z no limitation
of activities of daily living [ADL]; 0 Z unable to participate in
ADL).56 The ASES score was determined by the patient, who
rated 10 items, each ranging from 0 (unable to perform the
activity) to 3 (no difficulty in performance of the activity). The
ASES has a test-retest reliability coefficient of .8656 and
a convergent validity of .66 to .86.56
The interventions were comprised of modalities/joint mobilization combined with WBC or modalities/joint mobilization
alone. Hot packs, electrotherapy, and ultrasound were delivered to
both groups in order to reduce pain. Both modalities and mobilization took place 3 times per week over a 4-week period
(12 sessions in total). The first session of cryostimulation
(12 sessions in total and delivered in the morning) was done after
modalities/mobilization, and the second session of cryostimulation (12 sessions in total and delivered in the afternoon)
was completed after modalities/mobilization/first cryostimulation
on days they were done together.
Heat pack therapy was delivered for 15 minutes to provide
superficial heating to the patients, followed by 5 minutes of
ultrasound treatment (SM-250a), using a 1MHz, 5-cm2 sound head
at an intensity of 1.5W/cm2 in continuous mode and 15 minutes of
interferential current treatment (SM-850Pa) at an intensity of
25mA before administration of mobilization.
Shoulder mobilization was performed for 10 minutes after the
heat and stimulation. Mobilization techniques include anteroposterior glide, inferior glide of the glenohumeral joint and
anterior, posterior, and inferior capsule stretch of the glenohumeral joint, and distraction of the scapulothoracic joint. To
perform the anteroposterior glide of the humerus, the treating
clinician’s hand was placed over the humerus near the axilla,
while the other hand was placed around the humerus above and
near the lateral aspect of the elbow. The clinician then glided the
humeral head anteriorly and posteriorly, keeping the patient’s arm
parallel to the body. To perform the inferior glide of the shoulder,
the clinician grasped the patient’s elbow with 1 hand and palpated
with the other hand the distal spine of the scapula posteriorly and
below the distal clavicle anteriorly over the humeral head. The
clinician then pulled the humeral head inferiorly, while monitoring
to see whether the humeral head moved distally in the glenoid
cavity. To perform the anteroposterior glide of the humerus, the
clinician abducted the patient’s arm to 45 and grasped the
humerus with 1 hand near the elbow, stabilizing the lateral aspect
of the elbow with the other hand. The clinician then applied
forward/backward force while maintaining abduction.
In order to perform the anterior capsule stretch, with the
patients’ arm abducted the clinician grasped the proximal humerus
medially while stabilizing the force arm with the other hand. The
clinician then rotated the humerus externally while gliding the
humeral head anteriorly. To perform the posterior capsule stretch,
with the arm in 90 of flexion and elbow flexion, the clinician
grasped the elbow and cradled the forearm while stabilizing the
lateral scapular border with the wrist. The clinician then stretched
the glenohumeral joint into horizontal adduction. To perform the
inferior capsule stretch, with the arm in end-range abduction, the
clinician placed the volar wrist of 1 hand over the lateral border of
the scapula to stabilize, while grasping the humerus with the other
hand above the elbow. The clinician then provided stretch into
abduction. For scapular distraction, the treating clinician
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positioned the participant prone on the treatment table with the
forearm behind the back, and then placed the index finger of 1
hand under the medial scapular border while the other hand
grasped the superior scapular border. The clinician then distracted
the scapula from the thorax.
The above-mentioned mobilization techniques were applied
with intensity of grades III and IV according to Maitland’s
description of the grades of joint movement.57 Mobilization was
performed by a physical therapist trained in manual therapy, and
the subjects were asked to report to the physical therapist about
pain during and after treatment.
Prior to the start of WBC, all participants were examined by
a physician for any contraindications against cryostimulation. Just
before each session of WBC, the participant’s systolic and diastolic blood pressure were measured in order to check for the most
common contraindication, high blood pressure. Accepted blood
pressure ranges for participation for systolic blood pressure was of
120mmHg or less, and for diastolic blood pressure was 80mmHg
or less. The WBC group underwent six 4-minute exposures per
week (twice a day, 3 times per week) over 4 consecutive weeks
(24 visits in total) in a specially designed temperature-controlled
unitb consisting of 2 chambers with different temperatures
(50 and 110 C). Just before entering the cryogenic chamber,
the participants thoroughly dried their bodies to eliminate
a sensation of cold. During exposures, in order to prevent frostbite,
all subjects were instructed to wear cap, earband, triple layer
gloves, dry socks, and shoes in the chambers; to slightly move
their fingers, arms, and legs by walking; and avoid breath holding.
All subjects breathed through a surgical mask to protect the upper
airways. The men wore shorts while women wore bathing suits.
Each subject was exposed to the first prechamber (50 C) for
1-minute before entering the therapy chamber (110 C). Each
subject was exposed to the therapy chamber for 2.5 minutes, and
after this each subject was exposed to the prechamber (50 C)
again for 0.5 minutes. Microphones and camera were used to
maintain contact with subjects throughout the treatment. After the
WBC session, subjects were instructed to walk in a temperate
room (24 C) at their normal and comfortable pace for approximately 10 minutes. The temperature in each chamber remained
constant during the period of treatment (50 C and 110 C), and
the air in the chambers was dry and clear.
All subjects completed all of the sessions, and no one was seen
any less than 12 visits in the modalities/mobilization group and no
less than the 24 visits in the WBC group. No illness or side effects
occurred during the experiment. Subjects were allowed to
continue taking medications for control of pain if they had started
taking them prior to enrollment. All subjects were advised to
avoid all other interventions or training or sporting activities
associated with the shoulder. Both groups were also instructed to
avoid any activities or movements that may have provoked
shoulder pain or could have contributed to shoulder symptoms.
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for initial differences of the variable examined between the 2
groups based on a pretest measure, was used to compare the
changes of outcome measures in pain, ROMs, and the ASES
between the 2 groups at discharge. A paired t test was used to
examine the differences within each treatment group between
preintervention and discharge variables. The P value of <.05 was
considered statistically significant. Dependent variables included
VAS, active ROMs of flexion, abduction, internal and external
rotation of the shoulder, and the ASES scores. The software
package SPSS 14.0 KOc was used for statistical analyses.

Results
Each group followed its own protocol, and all subjects completed
initial and posttreatment active ROMs of the shoulder, VAS, and
the ASES assessments. There were no outliers in all scores
measured, and data from all subjects were used in the statistical
analysis. At baseline, the participants showed ROM restriction in
flexion, abduction, internal rotation, and external rotation of the
shoulder and moderate to high pain scores as well as low ASES
scores. Moreover, there was no significant difference in the
baseline preintervention scores in all measured parameters
between the 2 groups (table 2).
After the treatment, all participants reported a clinically
meaningful improvement in measured ROMs of the shoulder,
pain, and function (tables 2 and 3). A comparison between preand postintervention showed a statistically significant improvement for both groups in all measured movement directions, such
as flexion, abduction, internal rotation, and external rotation, and
VAS scores, as well as the ASES scores (Ps<.01).
As the interaction terms between the preintervention scores
and experimental groups were not statistically significant in full
factorial models for all the outcomes (P>.05), main effect models
were applied and statistically significant differences were found in
all outcome measures between the 2 groups. VAS scores
(F1,27Z57.86, P<.01) and all measured ROMs, such as flexion
(F1,27Z44.08, P<.01), abduction (F1,27Z55.94, P<.01), internal
rotation (F1,27Z51.62, P<.01), and external rotation (F1,27Z33.1,
P<.01), as well as the ASES scores (F1,27Z83.88, P<.01) in the
WBC group were significantly better than those in the non-WBC
group at postmeasurement. For the WBC group, the mean ROM
scores  SD of flexion, abduction, internal rotation, and external
rotation were 1625.3, 1585.3, 532.7, and 802.6, respectively, at discharge were significantly greater than the non-WBC
group (see table 2). Moreover, the mean pain score  SD of the
WBC group was 2.50.5 of 10 at discharge, which was significantly lower than the non-WBC (see table 3). Finally, the mean
ASES score  SD was significantly greater for the WBC group
(241.4) when compared with the other group (see table 3). More
details concerning the outcomes after treatment in both groups for
measured dependent variables are provided in tables 2 and 3.

Data analysis

Discussion

The sample size (15 subjects per group) was determined under the
assumption that the analysis had approximately 83% power to
detect approximately 1.1 SD difference in mean changes of
measured variables between 2 groups at a significance level .05.
Analyses were performed on an intention-to-treat principle; thus,
all available data from all subjects were included in the analysis.
Analysis of covariance using a regression model, which controls

This study compared the effectiveness of 2 different treatment
strategies for AC of the shoulder: WBC in combination with
modalities and joint mobilization versus modalities and joint
mobilization alone. Both treatments improved ROM, pain, and
shoulder function after 4 weeks of treatment. The results of this
study also confirmed the hypothesis that the addition of WBC to
modalities and mobilization is more effective than modalities and
www.archives-pmr.org
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Changes in mean  SD scores of shoulder mobility, differences within groups, and differences between groups

Parameter

Group

Before Intervention*

Range

Discharge

Range

Py

Flexion

WBCz
Non-WBCz
WBCz
Non-WBCz
WBCz
Non-WBCz
WBCz
Non-WBCz

1166.7
1197.7
1176.4
1198.0
342.1
342.1
692.9
692.8

106e128
103e130
105e125
103e128
31e37
30e36
64e74
64e72

1625.3
1495.9
1585.3
1455.4
532.7
443.3
802.6
752.3

153e168
140e160
151e167
137e156
48e58
38e51
73e84
71e78

<.01

Abduction
Internal rotation
External rotation

<.01
<.01
<.01

NOTES. Units are in degrees. For each group, nZ15.
* No significant differences (P>.05) between the WBC group and the non-WBC group before intervention for all measurements.
y
P obtained by analysis of covariance for comparison of postintervention scores of 2 groups under adjustment of baseline scores.
z
Significant change (P<.01) within the groups (WBC and non-WBC) at discharge compared with before intervention by paired t test.

mobilization alone. Pain, ROM, and the ASES scores reflected
a better outcome for the WBC group than the non-WBC group.
AC of the shoulder has been shown to be a self-limiting
disease, which develops over a period of 6 months and may last
approximately 24 months, then gradually disappear.58-60
Untreated AC of the shoulder resolves after 12 to 42 months
(mean duration of the disease: 30mo).61 Because subjects from the
current study had symptoms for at least 3 months, recovery seen
after 1 month of intervention may contribute to modalities/
mobilization or a combination of modalities/mobilization and
WBC rather than the natural history of the condition. However,
because there was no control group in this study, we do not know
for certain that the improvement was not because of natural
progress of the condition or because of any other factors. For
ethical reasons, we did not include a nontreatment group.
Because of a poor understanding of the pathophysiology of AC
of the shoulder, management is generally directed at relief of pain
and improvement of shoulder function. Nonsurgical treatment is
often the first line of management for AC of the shoulder, and the
success rate is high.62,63 Physical therapy is the foundation of
shoulder problem treatment.
As expected, in both groups, the intervention brought major
changes to ROM, pain, and function. At discharge of the study, the
mean ROM increases were between 9 and 38 , with the flexion
showing the largest improvement, whereas the external rotation
improved by 9 . The improvement of 4 motions (flexion, abduction, internal rotation, and external rotation) after both treatments
seems clinically interesting, with values representing 12% to 43%
of the overall improvement. The average improvements in flexion
(38 ), abduction (34 ), internal rotation (15 ), and external rotation (9 ) are greater than the cited error of measurement ranging

Table 3

from 5 to 7 .64,65 The gain in ROM is probably related to the
decrease in pain and the treatment effect of joint mobilization. The
pain and the ASES also improved by 48% (decreased from 6 to
3.1 in the VAS score) and 76% (increased from 12.5 to 22 in the
ASES score), respectively, and these changes were more marked
than for the changes in ROM. A previous study66 reported that in
the shoulder pain and disability index, a change greater than 10%
is considered clinically important. Previous studies2,67 reported
improvement of ROMs and VAS pain scores of the shoulder joint
with joint mobilization in patients with AC.
Several possible explanations are suggested for the anatomical,
mechanical, and neurophysiologic effects of the joint mobilization
technique on AC of the shoulder. Mobilization techniques induce
rheologic changes in synovial fluid and increase the exchange
between synovial fluid and cartilage matrix, and also enhance
synovial fluid turnover. As a result of these changes in the joint,
joint mobility is maintained or increased.68 In addition, mobilization techniques have also been demonstrated to produce
mechanical changes, such as breaking-up of adhesions, realignment of collagen, or enhancement of fiber gliding when stress of
specific movements are directed toward specific parts of the
capsular tissue.69 Furthermore, joint mobilization techniques are
assumed to stimulate peripheral mechanoreceptors and inhibit
nociceptors.69-71
Of particular interest, we were unable to find any reports in the
literature of investigations of the effectiveness of a combined
treatment of mobilization and modalities with WBC as an intervention for AC of the shoulder. We were also unable to find any
article reporting on a comparison of a modalities/mobilization and
a combined treatment of a modalities/mobilization and WBC. To
our knowledge, this is the first study to investigate the clinical

Changes in mean  SD scores on the VAS and ASES for each group, differences within groups, and differences between groups

Parameter

Group

Before Intervention*

Range

Discharge

Range

Py

VAS

WBCz
Non-WBCz
WBCz
Non-WBCz

6.00.7
6.00.8
121.4
131.6

5e7
5e7
9e14
9e14

2.50.5
3.70.6
241.4
201.2

2e3
3e5
22e27
18e22

<.01
<.01
<.01
<.01

ASES

NOTE. For each group, nZ15.
* No significant differences (P>.05) between the WBC group and the non-WBC group before intervention for all measurements.
y
P obtained by analysis of covariance for comparison of postintervention scores of 2 groups under adjustment of baseline scores.
z
Significant change (P<.01) within the group (WBC and non-WBC) at discharge compared with before intervention by paired t test.
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evidence base in support of WBC for treatment of AC of the
shoulder. In the present study, after exposure of repeated WBC in
addition to modalities/joint mobilization, the WBC group showed
greater improvement in pain, ROM of the shoulder, and the ASES
scores than the non-WBC group.
WBC conferred added benefit to modalities/joint mobilization
in the management of shoulder pain and restriction. The absolute
differences in outcome measures between the 2 treatment strategies were 5 to 16 in ROM, 1.2 score in pain, and 4 scores in the
ASES. When considering the design of the study and its power
calculation, we assumed that 15% to 20% differences in
improvement in the variables measured would be clinically
significant, and this magnitude of the treatment effect was achieved in the present study. Differences in improvement in all
outcome measures between the 2 treatment strategies were 53% in
flexion, 58% in abduction, 90% in internal rotation, 83% in
external rotation, 32% in the VAS, and 20% in the ASES. We
found that the clinical improvement in the WBC group was
considerable. Therefore, for patients with AC presenting pain and
restriction, the addition of WBC to modalities and joint mobilization could be the preferred treatment strategy.
A number of mechanisms induce the observed changes in
patients with AC of the shoulder. One potential candidate could be
that the WBC produces local analgesic effects by a lessening of
nerve transmission over a large area of the body, combined with an
increased endorphine concentration, reducing the perception of
pain.72,73 Previous studies74,75 suggested that in order to produce
local analgesia in cryotherapy, skin temperature needs to be below
13.6 C, when nerve conduction and acetylcholine formation
become suppressed. This temperature was achieved in the
extremities and in the back during the WBC of 2 minutes
at 110 C (2.5min of WBC exposure at 110 C in the current
study), but not in the hands and feet, which were covered by
gloves and socks.76 Skin temperature recorded in the calf muscle
was 9.043.78 C immediately after WBC.77 Thus, it is possible
that this mechanism may be responsible for alleviating pain
further after the addition of WBC to modalities and mobilization.
Another possible explanation for the beneficial pain-alleviating
effects of WBC might be cold-induced increase in norepinephrine
from both peripheral nerve endings and brain nuclei released by
sympathetic stimulation during the exposure of WBC.78,79
Previous studies80-82 demonstrated that spinal administration of
norepinephrine in experimental animals and epidural injections of
an adrenoreceptor agonist in humans, reduced pain. Thus, coldinduced increase in norepinephrine may therefore have a role in
pain alleviation in the spinal cord where pain afferents from skin
terminate.80-82 Moreover, sustained noradrenaline stimulation
caused by accelerated elimination of triiodothyronine and activation of the sympathetic nervous system during long-term cold
exposure and repeated WBC could relieve pain and induce an
increased sense of well-being.83

Study limitations
This study has a number of limitations. No control group was
included in the study. Without a control group, it was difficult to
determine the exact contribution of the treatment to the measured
changes. Placebo effect or spontaneous resolution cannot be
dissociated from the treatment effect. In addition, the participants
in the current study had a much greater external rotation than
internal rotation, which is not a typical capsular pattern of the
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shoulder in which the most limited range occurs in external
rotation. This can be explained by the measurement of active
ROM of the shoulder instead of passive ROM in the current study.
A capsular restriction is always a passive constraint and not just an
active constraint, and in most studies, most reliable data for
goniometric measurements were done with passive ROM not
active ROM. Moreover, the multimodal approach, including
physical therapy modalities with joint mobilization and WBC, was
used in the current study. Thus, it is unknown whether each
component of the intervention is effective. The study sample
consisted of a small homogeneous sample of patients with idiopathic AC of the shoulder; thus, our findings cannot be generalized
to the whole population with various stages of AC of the shoulder.
Finally, no follow-up data were collected. It was not possible to
determine the long-term outcomes of the intervention.

Conclusions
The findings of the present study provide significant evidence in
support of the efficacy of a multimodal treatment approach using
physical therapy modalities, joint mobilization, and WBC or
physical therapy modalities and joint mobilization alone in
management of AC of the shoulder. The statistics also suggest that
the addition of WBC to modalities and joint manipulation proved
to be more effective in improvement of ROM of the shoulder,
pain, and the ASES than modalities and mobilization alone. It is
our opinion that a well-designed randomized controlled trial using
a larger patient population and follow-up is warranted, in order to
further enhance these conclusions regarding effectiveness of 2
multimodal treatment approaches for AC of the shoulder.
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