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ABSTRACT

This study evaluated changes in shoulder muscle isometric endurance, deltoi-
deus and trapezius muscle electromyographic activity (EMG) and stiffness in
patients with frozen shoulder syndrome (FSS) before and after manipulation
under general anaesthesia (MUA). Eighteen FSS patients with mean age of
53%9 years participated. Isometric endurance of shoulder muscles was char-
acterized by endurance test time and deltoideus and trapezius muscles EMG
activity that were assessed by electromyograph during weight holding in hand
until exhaustion. Stiffness of deltoideus and trapezius muscles was assessed by
myotonometer (MYOTON-3). Patients were screened by self-administered
shoulder rating questionnaire (SRQ). Data was collected before one and six
months after MUA. Six months after MUA endurance test time remained
reduced (p<0.05) for the involved extremity as compared with the uninvolved
extremity. Deltoideus and trapezius muscle EMG activity decreased (p<0.0S)
at the end of the endurance test, whereas in the beginning of the endurance
test the trapezius muscle EMG was lower (p<0.05) for the involved extremity.
Deltoideus and trapezius muscle stiffness did not differ (p<0.05). SRQ score
points decreased (p<0.05) one and six months after MUA. In conclusion, six
months after MUA the shoulder muscle EMG activity and stiffness for the
involved extremity was normalized in patients with FSS.

Keywords: frozen shoulder syndrome, shoulder muscle endurance, shoulder muscle
EMG activity, shoulder muscle stiffness
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INTRODUCTION

Frozen shoulder syndrome (FSS) occurs in 2-5% of the adult population
[21] and up to 20% in those with diabetes [3], however, 60-65% of patients
are women [33]. FSS is a long-lasting disease with an unclear etiology that
goes through four stages, lasting from one to three years [28, 32], and requires
patience from patients, doctors and physiotherapists. FSS patients have an
increasingly severe shoulder pain and localized discomfort near the inser-
tion of the deltoid muscle, limitation and pain in the active range of motion
(AROM) and passive range of motion (PROM) especially in elevation and
external rotation, and diminishing shoulder function in the sixth decade of life
[27]. Shoulder girdle muscle strength has been found to be decreased in FSS
patients [14, 15, 18].

Electromyography (EMG) has been used to evaluate muscle function
during or as a result of exercise [ 13, 22], muscle fatigue [2] and gait [6]. Some
studies have investigated the shoulder muscle bioelectrical activity in patients
with shoulder problems, whereas it was concluded that latissimus dorsi and
pectoralis major are involved in the shoulder instability [13]. Lin et al. [19]
found that patients with FSS compensate impaired glenohumeral motion by
using accessory musculature. It was established that sustained trapezius muscle
activity associated with neck and shoulder pain in healthy young subjects [12].

Leonard et al. [17] determined the correlations between myotonometric
measurements of muscle stiffness and EMG at rest, during 6.8 kg weight hold-
ing isometrically and during maximal voluntary isometric contraction of the
biceps brachii muscle. They found that myotonometer measurements of biceps
brachii muscle stiffness highly correlated with EMG changes in healthy adults
and that pathological change of muscle associated with various disabilities
might demonstrate different correlation values. It has been found that myoto-
nometer is a reliable tool for assessing muscle stiffness, tone and compliance
of the relaxed or contracted biceps brachii and lateral gastrognemius muscles
of nondisabled subjects [16]. Gavronski et al. [11] results support the use of
MYOTON:-2 as an objective method to evaluate the status of skeletal muscles,
especially in sports medicine. Ditrolio et al. [8] found that myotonometry
could detect changes in passive muscle stiffness in a number of clinical/thera-
peutic applications, whereas myotonometer is operated manually and requires
minimal training.

To our best knowledge there are few studies that have assessed shoulder
muscle electromyographic activity and stiffness in patients with FSS before and
after MUA. We hypothesized that shoulder muscle electromyographic activity
and stiffness differ for the involved and uninvolved extremity in patients with
FSS before and after treatment.
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MATERIALS AND METHODS

Subjects

Eighteen patients with FSS (10 women and 8 men), aged 38 to 74 yrs partici-
pated in this study. The study was conducted at the University of Tartu, in the
Laboratory of Kinesiology and Biomechanics. The subjects were recruited
by orthopaedic surgeons in the Department of Orthopedics and Traumatol-
ogy of Tartu University Hospital and their inclusion criteria were: unilateral
ESS defined as: >50% loss of pPROM of the shoulder joint relative to the non-
affected side in 1 or more of 3 movement directions (i.e. ABD, FL, or EXR)
[7, 35], shoulder pain at rest, inability to sleep on the affected side. Exclu-
sion criteria were: previous MUA of the affected shoulder; other conditions
involving the shoulder (rheumatoid arthritis, osteoarthritis, damage of the
glenohumeral cartilage, Hill-Sachs lesion, osteoporosis or malignancies in the
shoulder and chest region), traumatic bone or tendon changes in the affected
shoulder; neurological deficits affecting shoulder function in ADL; shoulder
pain or disorders of the cervical spine, elbow, wrist, or hand; and an injection
with corticosteroids in the affected shoulder within 4 weeks. Patients who had
had serious cardiac problems or cardiac surgery were excluded from the study
[35].

The average duration from the onset of the disease to MUA was 8.6 months,
ranging from 3 to 12 months. The FSS stage was II or III. The dominant shoul-
der was involved in 7 patients and the nondominant one in 11 patients. Three
subjects did not return after the first session and were not included in data
analysis. One subject broke the other hand one month after MUA. Two patients
did not come back after the first session. The final data analysis was therefore
conducted on 15 subjects. The subjects were moderately physically active, no
professional athletes were included. They had no orthopaedic or neurological
limitations or contraindications for exercise testing or training. All patients
had physiotherapy about 7 times before MUA. Demographical data, including
age, sex, employment status, and sports and leisure activities, were recorded at
baseline. A history was taken concerning previous treatments (injections, physi-
otherapy), and current pain medications. Concomitant diseases, and the use
of medications were registered. Subjects were informed about the procedures,
and their written consent was obtained. The study carried the approval of the
Ethics Committee of Human Studies of the University of Tartu.
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Familiarization with tests

The subjects were instructed and the shoulder muscle isometric endurance
test was demonstrated 24-48 hours before collecting the first data. This was
followed by a practical session to familiarize the subjects with the procedures.
Before testing, each subject underwent a 10-min warm-up consisting of gym-
nastics, and stretching exercises. Both extremities were tested, whereas the
uninvolved extremity was tested first. Data collection was performed preop-
eratively, and one and six months after MUA.

Treatment

The manipulation was done under general intravenous barbiturate anaesthesia
for all patients. The following technique was used for manipulation: (a) grad-
ual flexion (FL) in the sagittal plane to maximum possible extent while the
surgeon’s assistant fixed the scapula; (b) passive external rotation (EXR) was
performed on 0 deg of abduction (ABD); (c) EXR in 90 deg of ABD; (d) inter-
nal rotation (INR) at 90 deg of ABD and gross-body adduction (ADD) were
performed. Care was taken not to fracture the humerus during manipulation.
EXR force was very carefully applied when the patient’s elbow was fixed and the
wrist moved at the same time by the surgeon’s thumb and two opposing fingers.
A full shoulder ROM was always achieved. The shoulder joint was injected with
19 ml of 1% Lidocaine and 1 ml of corticosteroid in a 20 ml syringe immedi-
ately after manipulation.

All patients received immediate passive exercise in the ward soon after
MUA. They underwent gentle active-assisted motion with a physiotherapist
after MUA. Motion was practiced during FL, extension (EXT), ABD, ADD,
INR and EXR. Physiotherapy continued on an outpatient basis, and included
supervised and therapeutic home exercise programmes focused on shoulder
muscle stretching (two times per day, five days per week). Further physiother-
apy procedures included shoulder muscle isometric strengthening exercises
followed by the use of elastic bands and power simulator as soon as post-MUA
shoulder pain and shoulder aROM allowed. The subjects were treated by physi-
otherapists with at least 2 years of clinical experience. The subjects had ten
physiotherapy sessions during one month, three times per week. They were
advised to use the affected shoulder in ADL whenever possible.

Shoulder girdle muscle endurance test

During shoulder muscles isometric endurance testing the subject was seated on
standard chair, and the full extended upper extremity was positioned with the
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shoulder flexed 45°, and abducted 45°. In this position the subject hold weight
in hand (S kg for man and 3 kg for woman) until exhaustion.

Electromyography

During isometric endurance test electromyographic (EMG) activity of the
deltoideus and trapezius muscles was continuously recorded using standard elec-
tromyograph Medicor MG 440 (Hungary). Paired bipolar surface electrodes
(Ag-AgCl, 8-mm diameter, 20-mm interelectrode distance) were used. The skin
under the electrode was shaved, abraded, and then cleaned with alcohol, and
a conducting gel was applied to obtain a good signal transfer from the skin to
the electrodes. The electrodes over the middle deltoid muscle halfway between
the insertion and the acromion. The electrodes over the upper trapezius muscle
were placed one third lateral and 2 to 4 cm above the line from processus C7 to
acromion. The ground electrode was placed at the radial styloid process of the
non-tested arm. Correct electrode placement was confirmed by observing the
appropriate EMG activity while performing a manual muscle test.

The output signals from EMG preamplifiers were digitized online (sam-
pling frequency 1 kHz) by analogue-to-digital converter installed in personal
computer. The digitized signals were stored on a hard disk for further analyses,
EMG power spectrum median frequency (MF) was calculated by using Fast
Fourier Transform Algorithms, whereas a 1024 data point window (1 s) slides
over the whole recorded signal area with a 512 point shift (50% overlap). Dur-
ing shoulder muscle isometric endurance test the MF was determined, and
averaged over each period of 5 s, whereas the following characteristics were
calculated: initial MF (MFi) as mean of the first 10 s, and the mean of the last
10 s (MFe).

All measurements were rounded off to the nearest S degrees [35]. All assess-
ments were performed by the same physiotherapist.

Myotonometry

Myotonometry and device MYOTON-3 elaborated at the University of Tartu
was used for the assessment for visco-elastic properties (BP) of superficial
skeletal muscles.

No investigations of viscous-elastic properties of shoulder muscles have
been performed in patients with FSS. As a rule, the muscle of the left side of the
body is measured first. During myotonometry assessment patient was supine
on the investigation table. The patient should lie in a comfortable position and
relax the muscles maximally during the measurement.
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The centre part of the delfoideus muscle and trapezius upper muscles in the
middle part of muscle belly in MultiScan mode (10 times in each muscle with
the interval of 1 s between measurements) were measured using myometer
MYOTON:-3 in lying position at rest [10].

Shoulder rating questionnaire (SRQ)

The functional limitation and disability of the shoulder was scored by the
shoulder rating questionnaire (SRQ). The SRQ is a self-administered ques-
tionnaire including global assessment of shoulder pain, daily activities, areas
of improvement and satisfaction, recreational and athletic activities, and work.
The total score ranges from a minimum of 17 points (worst functional status)
to a maximum of 100 points (best functional status) [20].

Statistical analysis

Data are presented as mean+SE and standard error+SE. One-way analysis of
variance (ANOVA) followed by Bonferroni post hoc comparisons was used
to evaluate differences between the involved and the uninvolved extremity. A
paired t-test was used to evaluate differences between pre- and post-treatment
characteristics. A level of p<0.05 was selected to indicate statistical significance.

RESULTS

Before MUA a significant reduction (p<0.05) was noted for the involved
extremity in the isometric endurance test time (Figure 1a) and in the EMG of
deltoideus centre power spectrum MFi (Figure 1b) as compared with the unin-
volved extremity. The deltoideus centre power spectrum MFi decreased signifi-
cantly (p<0.05) during endurance test for both extremities, whereas trapezius
upper power spectrum MFi (Figure 1c) decreasing was significant (p<0.05)
for the uninvolved extremity. Muscle stiffness of deltoideus centre (Figure 2a)
was significantly (p<0.05) higher for the involved extremity as compared with
the uninvolved extremity, whereas trapezius upper stiffness (Figure 2b) did
not differ (p>0.05) for both extremities. The endurance test time increased
significantly (p<0.05) one and six months after MUA as compared with the
pre-treatment level, whereas the involved extremity endurance time remained
lower (p<0.0S) as compared with the uninvolved extremity.
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Figure 1. Mean (+SE) shoulder muscle isometric endurance time (1a), power
spectrum MF of deltoideus centre muscle (1b) and power spectrum MF trapezius
upper muscle (1¢) in patients (n=15) with frozen shoulder syndrome (FSS) before
and after manipulation under general anaesthesia (MUA) *p<0.05, **p<0.01,
***p<0.001.
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Figure 2. Mean (+SE) muscle deltoideus centre stiffness (2a), muscle trapezius
upper stiffness (2b) and shoulder rating questionnaire (2c) in patients (n=15) with
frozen shoulder syndrome (FSS) before and after manipulation under general
anaesthesia (MUA) *p<0.05, ***p<0.001.
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The deltoideus centre and trapezius upper power spectrum MFi decreased signif-
icantly (p<0.05) during endurance test for both extremities one and six months
after MUA, whereas trapezius upper power spectrum MFi for the involved
extremity was significantly (p<0.05) lower as compared with the uninvolved
extremity six months after MUA. Six months after MUA muscle stiffness for
the measured muscles did not differ significantly (p>0.05). SRQ score points
(Figure 2c¢) increased significantly (p<0.05) one and six months after MUA.

DISCUSSION

The important finding of this study was that in patients with FSS the muscle
EMG activity and stiffness of the deltoideus and trapezius upper muscles for
the involved extremity approach the uninvolved extremity parameters one
month after MUA.

The initial power spectrum MFi was 17% lower for the involved extremity
of the deltoideus muscle as compared with the uninvolved extremity. The power
spectrum MFi decreased at the end of endurance test 24% for the involved
extremity and 34% for the uninvolved extremity. One month after MUA the
power spectrum MFi for the deltoideus muscle increased 7%. Roe et al. [30]
found that during sustained submaximal contraction the EMG was increased
for trapezius and deltoideus muscles in both affected and unaffected arm in
patients with rotator tendionosis after supervised exercises which lasted over
several months, whereas the fatigue development and recovery was unaltered
by the exercises.

The power spectrum MF for the deltoideus and trapezius upper muscles
decreased similarly for the both extremities one and six months after MUA.
The trapezius muscle power spectrum MF decrease as compared to the initial
level with the end point before MUA was 27% for the involved extremity and
35% for the uninvolved extremity, whereas six months after MUA the initial
power spectrum MFi for the involved extremity was 16% lower.

After MUA the patients started with the physiotherapy programme as soon
as possible and reported that the pain began to decrease one week after MUA.
The pain decrease and shoulder function improvement led for the more active
use of the involved extremity in everyday life. It is known that EMG activity
decreases with painful stimulation during static and dynamic contractions [23].
Muscle pain instigates a decrease in the input to the motor neuron pool inner-
vating the painful muscle, which causes reduced muscle activity [9]. Andresen
etal. [1] concluded that in patients with trapezius myalgia emerged decreased
strength capacity, and lowered activity of the painful trapezius muscle, whereas
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pain free deltoideus muscle activity was not significantly lower. Lin et al. [19]
found that in patients with FSS the normalized EMG muscular activity for
upper trapezius muscle was significantly higher during 60 deg abduction and
flexion as compared with asymptomatic group. Adaptive posture may develop
in patients with FSS, such as anterior shoulders or increased thoracic kyphosis
[29]. So, in patients with FSS shoulder pain, long disease period and changed
posture lead to the decreasing deltoideus and trapezius muscle EMG activity
before MUA.

Stiffness of the deltoideus muscle was 11% higher for the involved extremity
before and 5 and 4% for the involved extremity one and six months after MUA
as compared with the uninvolved extremity. The deltoideus muscle stiffness
decreased 10% one month and 7% six months after MUA for the involved
extremity as compared with the pre-MUA level. Stiffness of the trapezius upper
muscle was 4% higher for the involved extremity before MUA and one and six
months after MUA 4 and 9% respectively. The trapezius upper muscle stiffness
for the involved extremity decreased 5 and 7% one and six months after MUA
as compared with the pre-MUA level. It was concluded that MYOTON-2 is
a reliable tool for measuring the viscoelastic stiffness of resting muscle [4],
myotonometry was also used in our study of patients with FSS. In the Viir
et al. [36] study, the upper trapezius muscle stiffness in the supine position
was 195N/m on the right side and 179N/ on the left side. In our study, these
numbers were higher for the involved and uninvolved extremity before and six
months after MUA and physiotherapy. This showed that pain increased muscle
stifiness, whereas after MUA and physiotherapy sessions the involved extrem-
ity muscles stiffness parameters approach those of the uninvolved extremity.
Marusiak et al. [24] concluded that myotonometer is a sensitive tool to assess
passive stiffness of muscles in patients with Parkinson’s disease as compared
with healthy controls. Patients with Parkinson’s disease have higher values of
passive stiffness of the muscle belly and tendon [25].

Shoulder rating questionnaire point score increased significantly after
MUA and physiotherapy as compared with the pre-MUA level. Vad et al. [34]
investigated the role of capsular distension in patients with FSS and found that
SRQ scores improved after treatment. Patients’ endurance test time remained
reduced six months after MUA, whereas the endurance test time increase was
31% and six months 49% as compared with the pre-MUA level. It was found
that patients with temporomandibular disorders had a significantly reduced
endurance test time for cervical extensor muscles as compared with healthy
controls [2]. It was found that in patients with unilateral rotator tendinosis
shoulder muscle fatigue development and recovery was unaltered by the
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3-6-month supervised exercise regimen [30] whereas Brox et al. [ 5] stated
that endurance time during the submaximal contraction were not affected by
pain. Pain and patients’ motivation are important factors for the muscle endur-
ance testing.

In conclusion, the results of this study show that in patients with FSS
before MUA the deltoideus muscle EMG activity, muscle stiffness and mus-
cle endurance time were lower, and functional limitation was higher for the
involved extremity, whereas all measured parameters normalized for the
involved extremity six months after MUA except endurance time. The muscle
EMG activity and muscle stiffness measurement provide doctors and physi-
otherapists with additional information about the involved shoulder muscle
condition.
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