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Background. Glenohumeral subluxation (GHS) is common in patients with acute hemiplegia caused by stroke. GHS and upper
limb function are closely related. Objective. Using musculoskeletal ultrasonography (MSUS) to objectively evaluate the efficacy of
functional magnetic stimulation (FMS) in the treatment of GHS in acute hemiplegic patients after stroke. Methods. The study
used prospective case control study. Stroke patients with GHS were recruited and assigned to control group and FMS group.
Control group received electrode stimulation at the supraspinatus and deltoid muscles of the hemiplegic side, while FMS group was
stimulated at the same locations. Before and after treatment, the distances of the acromion-greater tuberosity (AGT), acromion-
lesser tuberosity (ALT), acromiohumeral distance (AHD), supraspinatus thickness (SST), and deltoid muscle thickness (DMT) in
patients’ bilateral shoulder joint were measured by MSUS, respectively. Meanwhile, Fugl-Meyer Assessment (FMA) was used to
evaluate the improvement of upper limb function. Results. 30 patients were recruited. After FMS treatment, there was a significant
decrease in the difference value between ipsilateral side and contralateral side of AGT [t = 8.595, P < 0.01], ALT [t = 11.435,
P < 0.01], AHD [t = 8.375, P < 0.01], SST [t = 15.394, P < 0.01], and DMT [t = 24.935, P < 0.01], and FMA score increased
[t = —13.315, P < 0.01]. Compared with control group, FMS group decreased more significantly in the difference value between
ipsilateral side and contralateral side of AGT [t = 2.161, P < 0.05], ALT [t = 3.332, P < 0.01], AHD [t = 8.768, P < 0.01], SST
[t = 6.244, P < 0.01], and the DMT [t = 3.238, P < 0.01], and FMA score increased more significantly in FMS group [t = 7.194,
P < 0.01]. Conclusion. The study preliminarily shows that the MSUS can objectively and dynamically evaluate the treatment effect
of GHS in hemiplegic patients. Meanwhile, compared with control group, the FMS is more effective and has fewer side effects, and
the long-term effect of FMS is worth further study. This trial is registered with ChiCTR1800015352.

1. Introduction

Glenohumeral subluxation (GHS) is common in patients
with stroke and has an effect on the recovery of upper
limb motor function [1-3]. The incidence of GHS has been
reported from 17% to 84%; such a difference is mainly due
to different measurement methods [4, 5]. Musculoskeletal
ultrasonography (MSUS) plays an important role in the ner-
vous system, orthopedics, and rehabilitation as an imaging

model [5]. Its advantages include high accuracy, low cost,
real-time imaging, contralateral immediate comparison, and
radiation-free [6]. In recent years, it has replaced palpation
and plain radiograph [7] and become the main means to
assess shoulder abnormalities.

GHS can be assessed by measuring the distance between
the acromion and the humerus. Kumar et al. have confirmed
that MSUS measurement of acromion-greater tuberosity
(AGT) distance is reliable and effective in assessing GHS in
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hemiplegic patients [2, 8]. Park et al. found that increased
acromion-lesser tuberosity (ALT) distance was highly corre-
lated with GHS [4]. Previous studies have demonstrated the
validity and reliability of using MSUS to measure acromio-
humeral distance (AHD) for assessing GHS [9-13]. Nozoe
et al. have elucidated that the recovery of limbs function
can be assessed by measuring changes in the thickness of
dominated muscles before and after the treatments [14, 15].
Some researchers have confirmed the validity and accuracy of
using MSUS to measure muscle thickness [16-18]. Therefore,
we measured the change of AGT, ALT, AHD, and the
supraspinatus thickness (SST) and deltoid muscles thickness
(DMT) to evaluate the improvement of GHS and upper limb
function before and after the treatments.

Among reasons for GHS, the denervation of shoulder
muscles caused by brain injury is the main cause and,
under the action of gravity, the humeral head downward
out of the glenoid fossa [19]. Without timely and effective
treatment, GHS will get worse over time and eventually
become irreversible [20]. Thus, the treatment of GHS is
suggested as early and effectively as possible [21]. A number
of methods have been reported for the treatment of GHS,
such as shoulder slings, shoulder strapping, positioning, and
electrical stimulation [7, 22, 23]. Many studies have shown
that functional electrical stimulation (FES) is effective for the
treatment of GHS in acute hemiplegic patients [21, 22, 24, 25].
According to electromyographic studies, the supraspinatus
and deltoid muscles are the two key muscles that maintain
the head of the humerus in the glenoid fossa, so they are
the target spots of the FES treatment [21, 22]. However,
FES has some adverse reactions, for example, inducing pain,
dermatitis, and even skin burns. In addition, the role of FES
is very weak for the deep muscles and nerves, because its
stimulating scope is shallow [26, 27]. And FES is invalid in
chronic hemiplegic patients. Therefore, it is necessary to find
an alternative method.

Functional magnetic stimulation (FMS) has been used
to stimulate the muscles and peripheral nerves to promote
function recovery. A lot of researches have confirmed the
effectiveness of FMS in the aspects of gastric emptying, neu-
rogenic bowel, respiratory muscle conditioning, dysphagia,
urinary incontinence, and so on [28-32]. Okudera et al. have
confirmed that FMS can improve upper limb motor function
in healthy adults [27]. So we hypothesize that FMS may
reduce GHS and promote the recovery of upper limb function
in hemiplegic patients.

The purpose of our study was to, using MSUS, objectively
quantify the effect of FMS treatment on GHS in hemiplegic
patients with acute stroke. Compared with electrical stim-
ulation, maybe FMS can achieve the same or even better
therapeutic effects with lesser side effects.

2. Methods

2.1. Participants. Patients who were inpatient or outpatient
at the Physical Medicine & Rehabilitation Department of
the First Affiliated Hospital of Soochow University were
screened from August 2016 to May 2017. The inclusion criteria
were as follows: (1) stroke onset time of less than one
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month, (2) less than or equal to grade 3 of the upper limb
muscle strength in hemiplegic side, (3) stable vital signs, (4)
without aphasia or cognitive dysfunction, and (5) able to
sit upright independently (or with one person’s assistance).
And exclusion criteria were as follows: (1) history of shoulder
dysfunction, (2) combined with myogenic diseases or the
peripheral nervous system disease, (3) combined with severe
heart, liver, or kidney dysfunction, (4) pacemaker or metal
implantation, and (5) combined with severe coagulation
dysfunction.

The finger breadth palpation methods were used for
GHS diagnosis; that is, AHD is 1/2 fingerbreadth or more.
The degree of GHS is defined as follows: 0 degrees = no
subluxation, 1 degree = 1/2 fingerbreadth gap, 2 degrees =
1 fingerbreadth gap, 3 degrees = 1 1/2 fingerbreadth gap,
4 degrees = 2 fingerbreadth gap, and 5 degree = 2 1/2
fingerbreadth gap [5, 33]. Patients with a dislocation of 2
degree or more were included in the study.

2.2. Study Design. The study is a prospective case control
study. The recruited patients were assigned to control group
and FMS group. Basic information including age, gender,
duration of stroke, affected side, and type of stroke were
collected from patients and their guardians. The informed
consent was signed by patients themselves, and to those who
were unable to sign, their guardians were authorized to sign.
The study was approved by the Ethics Committee of the
First Affiliated Hospital of Soochow University. Screening
of eligible patients and collection of basic information were
done by one person in the research team.

2.3. Treatments. Both groups received conventional rehabil-
itation including active and passive motion, weight bearing
exercise, grasp, hold and release activities, and ADL activities,
45 minutes a day, consecutive 5 days a week, total for 4 weeks.
The conventional rehabilitation of all patients was done by
one therapist.

On the basis of conventional rehabilitation, control
group received stimulation by electrode stimulation device
(BA2008-III, Benao, China). Four electrodes were attached
to the places of the supraspinatus and deltoid muscles of the
hemiplegic side. And pulse of 200 and micro/s, duty cycle of
1:2, wave rise/wave drop of 2, and current of 50 mA were
applied. The FMS group used magnetic stimulator (MagPro
R30, Medtronic A/S, Denmark) connected with a 75 mm
figure-of-eight water-cooled coil (MCF-B65) to stimulate the
supraspinatus and deltoid muscles of the hemiplegic side.
Frequency of 5Hz with the stimulus intensity at 100% of
the resting motion threshold (MT) was applied. Each site of
each patient was stimulated for 20 minutes a day in both
groups. The treatments were consecutively conducted 5 days
a week for a total of 4 weeks. During the treatments, patients
were seated upright independently (or with one person’s
assistance) in a chair with forearms placing on their laps.
Two special therapists were, respectively, trained in one of the
treatments, to complete the patients’ treatment programs. In
FMS group no patient withdrawn during the treatments, but
in control group, there are 4 patients who failed to persist in
electrical stimulation due to pain.
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FIGURE 1: Anatomical structures: AC (acromion); LHTB (long head
tendon of biceps); the position and orientation of transducer; and
the ultrasound image: GT (greater tuberosity) and AGT (acromion-
greater tuberosity).

2.4. Clinical Evaluations. A portable diagnostic ultrasound
system (M-Turbo, ICTx, SonoSite, America) connected with
a 6-13 MHz linear array transducer was used to assess the
changes of GHS, AGT, ALT, AHD, SST, and DMT, respec-
tively, in the hemiplegic side and healthy side of shoulder
before and after the treatments. At the same time, we used
Fugl-Meyer Assessment (FMA) Scale to assess upper limb
function of the hemiplegic side in acute poststroke patients.

In the process of measuring these parameters, each
patient was placed in a standardized position [2]. Patients
were seated upright in a chair with their forearms placed
on their laps and the elbows unsupported. Each parameter
was measured three times and took the average by the same
specially trained sonographer before and after the treatments.
The parameters were measured on the frozen image using the
caliper on the screen. The depth of the ultrasonic transducer
was set at 3.5 cm for each measurement.

AGT. Place transducer on the lateral edge of acromion and
the lateral edge of long head tendon of biceps; scan the
shoulder along longitudinal axis of humerus. When the
lateral edge of acromion and the upper edge of greater
tuberosity simultaneously appear in the screen freeze the
image and measure AGT. We calculated the difference value
of AGT between ipsilateral side and contralateral side and
recorded (Figure 1).

ALT. Place transducer on the lateral edge of acromion and the
medial edge of long head tendon of biceps; scan the shoulder
along longitudinal axis of humerus. When the lateral edge of
acromion and the upper edge of lesser tuberosity simultane-
ously appear in the screen freeze the image and measure ALT.
We calculated the difference value of ALT between ipsilateral
side and contralateral side and recorded (Figure 2).

AHD. Place transducer on the anterior edge of acromion in
the coronal plane. When acromion and humerus head simul-
taneously appear in the screen freeze the image and measure
the shortest distance between acromion and humerus. We
calculated the difference value of AHD between ipsilateral
side and contralateral side and recorded (Figure 3).

FIGURE 2: Anatomical structures; the position and orientation of
transducer; and the ultrasound image: LT (lesser tuberosity) and
ALT (acromion-lesser tuberosity).

FIGURE 3: Anatomical structures; the position and orientation of
transducer; and the ultrasound image: HH (humerus head) and
AHD (acromiohumeral distance).

SST. Place transducer vertically at the midpoint of the
mesoscapula. Move transducer in parallel until identifying
the thickest cross section of supraspinatus, freeze the image,
and measure the distance of the thickest part of supraspina-
tus. We calculated the difference value of SST between
ipsilateral side and contralateral side and recorded (Figure 4).

DMT. We measure the thickness of the middle bundle rep-
resenting DMT in our research. Place transducer vertically
at the midpoint of the connection of acromion lateral edge
and deltoid tuberosity. Move transducer in parallel until
identifying the thickest cross section of deltoid muscle, freeze
the image, and measure the distance of the thickest part of
deltoid muscle. We calculated the difference value of DMT
between ipsilateral side and contralateral side and recorded
(Figure 5).

2.5. Statistical Analysis. Using SPSS19.0 software to do data
statistics and analysis, the data were expressed as mean value
+ standard deviation. T test was used to compare data and
P < 0.05 was statistically significant.
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TaBLE 1: Patients’ demographics.
Type of variable Control group FMS group P value
Age (years) 67.20 +£10.72 63.67 £15.09 0.146
Gender 0.418
Male 11.00 12.00
Female 4.00 3.00
Duration of stroke (days) 15.47 £2.72 13.87 £3.36 0.359
Affected side 0.224
Left 6.00 7.00
Right 9.00 8.00
Type of stroke 1.000
Hemorrhage 5.00 6.00
Ischemia 10.00 9.00
Degree of GHS 0.603
2 degrees 2.00 3.00
3 degrees 11.00 11.00
4 degrees 2.00 1.00

supraspinatus

FIGURE 4: Anatomical structures: mesoscapula; the position and ori-
entation of transducer; and the ultrasound image: SST (supraspina-
tus thickness).

FIGURE 5: Anatomical structures: DT (deltoid tuberosity); the
position and orientation of transducer; and the ultrasound image:
DMT (deltoid muscle thickness).

3. Results

3.1. General Information. A total of 34 patients were eval-
uated and treated, and 4 patients who failed to persist in

electrical stimulation due to pain were excluded. Finally, 30
patients (23 men, 7 women) with a mean age of 65 years
(range from 38 to 84 years) were eligible for the study. The
mean duration after onset was 15 days (range from 7 to 21
days). A summary of the demographic characteristics of the
patients is shown in Table 1. There is no difference between
the two groups with regard to age, gender, duration of stroke,
affected side, type of stroke, and degree of GHS (P > 0.05).

3.2. The Results of MSUS Measurement. Before treatments,
there were no differences statistical significance (P > 0.05) in
the value of AGT, ALT, AHD, SST, and DMT between control
group and FMS group. After treatments, there was a signifi-
cantly decrease in the difference value between ipsilateral side
and contralateral side of AGT, ALT, AHD, SST, and DMT in
both groups (Tables 2 and 3 and Figures 6(a)-6(d)). After 4-
week treatment, compared with control group, FMS group
decreased more significantly in the difference value between
ipsilateral side and contralateral side of AGT, ALT, AHD, SST,
and DMT (Table 4 and Figures 6(a)-6(d)).

3.3. The Results of FMA Assessments. We used the Sim-
plified Fugl-Meyer Motor Function Assessment Scale to
assess the hemiplegic upper limb function before and after
the treatments, respectively. Before treatments, there was
no differences statistical significance (P > 0.05) in FMA
score between control group and FMS group. After the
treatments, FMA score increased in both control group and
FMS group (Tables 2 and 3 and Figure 6(f)). After 4-week
treatment, compared with control group, FMA increased
more significantly in FMS group (Table 4 and Figure 6(f)).

4. Discussion

In our study, the results of MSUS preliminary proved in FMS
group, the gap between the ipsilateral side and contralateral
side of AGT, ALT, and AHD significantly decreased, and
SST and DMT obviously increased. At the same time, FMA
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TaBLE 2: Comparison between posttreatment and pretreatment in control group.

Pretreatment Posttreatment t value P value
Difference value of AGT 15.05 + 2.41 8.70 £1.43 8.766 0.000
Difference value of ALT 12.15 + 2.55 6.22+1.17 8.170 0.000
Difference value of AHD 3.11+0.37 2.20 +£0.15 8.762 0.000
Difference value of SST 6.61 + 0.63 337 +0.64 14.010 0.000
Difference value of DMT 8.76 +0.39 5.00 + 0.58 20.986 0.000
FMA score 20.00 +2.17 25.40 + 2.69 6.045 0.000

TaBLE 3: Comparison between posttreatment and pretreatment in FMS group.

Pretreatment Posttreatment t value P value
Difference value of AGT 13.75 + 3.44 5.70 +1.15 8.595 0.000
Difference value of ALT 12.30 + 2.64 3.93 +1.03 11.435 0.000
Difference value of AHD 2.78 £0.72 0.90 +0.49 8.375 0.000
Difference value of SST 6.54 +0.73 2.44 +0.73 15.394 0.000
Difference value of DMT 8.45 +0.36 413 +0.57 24.935 0.000
FMA score 22.00 + 2.54 33.47 £ 2.17 13.315 0.000

TABLE 4: Comparison between FMS group and control group.

FES FMS t value P value
Difference value of AGT 6.35 + 1.49 8.05 + 2.66 2.161 0.039
Difference value of ALT 593 +2.21 837 +1.78 3.332 0.002
Difference value of AHD 0.91 +0.31 1.88 £ 0.29 8.768 0.000
Difference value of SST 324 +0.44 4.09 +0.29 6.244 0.000
Difference value of DMT 3.76 + 0.60 4.32+0.29 3.238 0.003
FMA score 5.40 +1.80 11.47 £ 2.72 7.194 0.000

substantially improved in the hemiplegic upper limb. These
results show that the short time FMS treatment (4 weeks) can
obviously improve GHS of the hemiplegic patients with acute
stroke and promote the functional recovery of the patients’
paralyzed upper limbs. The changes in several indicators by
MSUS measurement, such as AGT, ALT, and AHD, as well as
SST and DMT, are consistent with the function of paralyzed
upper limb. These coincide with our previous assumptions.

Researches have shown that, in acute poststroke hemi-
plegic patients, paralysis muscles around the shoulder cannot
resist the gravity of upper limb and gradually result in GHS
[20, 23]. Soft tissue around the shoulder such as muscles,
ligaments, and capsule is going to be overstretched, leading
to the dysfunction of upper limb [2]. Therefore, our goal is to
use simple and effective rehabilitation therapies to restore the
activity of the paralyzed muscles, enhance its ability to resist
gravity, reduce GHS, and ultimately achieve the recovery of
upper limb function.

Electrical stimulation and magnetic stimulation tech-
niques have been widely used in the field of rehabilitation.
Our study results are consistent with previous studies that
FES is effective on reducing GHS and promoting the recov-
ery of upper limb function in acute hemiplegic patients
[21, 22, 24, 25]. After electrical stimulation treatment in
control group, the AGT and AHD of hemiplegic side were
remarkably decreased and FMA increased obviously in our
study. However, the mechanism has not yet been fully

understood. Perhaps by the stimulation of the muscle fibers
and peripheral nerves, the muscles contraction increases and
the coordination between agonistic and antagonistic muscles
improve and eventually achieve functional and beneficial
movement [20, 25], although the FES is effective on GHS
in acute (<6 months) hemiplegic patients but is not valid in
chronic (>6 months) ones [26, 34]. Perhaps the soft tissue
around the shoulder overstretched for too long time, and the
muscles atrophy is very serious, so it induced the GHS quite
difficult to recover. Several studies have also found that the
GHS can hardly get further improved after 6 weeks of FES
treatment [22, 35]. And follow-up studies have also shown
that there is no a positive long-term effect after FES [21, 34].
Because of the limitations and complications in the skin and
other aspects, its clinical application is limited.

While repeat transcranial magnetic stimulation (rTMS)
is a kind of brain stimulation techniques which has become
promising for the recovery of limbs function in hemiplegic
patients [36], it stimulates the cerebral cortex to regulate the
excitability of the central nervous system [37, 38]. Sohn et
al. have confirmed that rTMS has a certain effect on the
recovery of upper limb function in hemiplegic patients [36,
37]; however, there have some side effects to be reported, such
as induced epilepsy, tinnitus, and headache [39]. In order to
avoid these complications, more and more researchers have
studied its use in stimulating peripheral nerves and muscles,
and it is called functional magnetic stimulation (FMS).



20 - 4

m)

—
w
1

* %

—_
(=]
L

* %k

difference value of AGT (m
w

(=]
L

Control Group FMS Group

Bl Pre-Treatment
Post-Treatment

(a)

~
J

##
g
£
g 3
e}
< * 3k
[ -1
2 2-
=
§ * %
3
-
=t
5
0 -
Control Group FMS Group
Bl Pre-Treatment
Post-Treatment
(©
10 - ##
F
E 81
H
2
o 6 A * %
8 * %
=1 _l_
< 4
>
3
5
g ]
=
0
Control Group FMS Group

Bl Pre-Treatment
Post-Treatment

(e)

BioMed Research International

20 ~
E
g 5 ##
5
<
S
5]
;g 10 -
g * %
8
5 5 i * %k
&
ks
0 -
Control Group FMS Group
Hl Pre-Treatment
Post-Treatment
(b)
8 ##

ExS

=

difference value of SST (mm)

Control Group FMS Group
Bl Pre-Treatment
Post-Treatment
(d)
40 - ##
* %
-
30 4 * 5k
L
8
% 20 4
<
=
s
10
0
Control Group FMS Group

Bl Pre-Treatment
Post-Treatment

®

FIGURE 6: Comparison within control group and FMS group, respectively, and comparison between control group and FMS group.
Comparison within groups: *P < 0.05 and **P < 0.01. Comparison between groups: * P < 0.05 and ¥ P < 0.01.

The FMS has been applied in some aspects of rehabili-
tation and achieved some curative effects [28-32]. Since the
FMS does not paste on the skin directly, it seldom causes skin
problems. However, the applications of FMS in reducing GHS
and promoting the recovery of upper limb function have not
yet been reported. Inspired by previous researches, our team
speculated that the FMS used in local hemiplegic shoulders

maybe produce the same or even better effect as electrical
stimulation. And this was confirmed in our study. After the
treatments for 4 weeks, compared with control group the
AGT and AHD in the hemiplegic side were significantly
reduced and the FMA scores increased in FMS groups.
These trends are more pronounced and coincide with our
previous assumptions. Since the magnetic field of FMS does
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not attenuate through the skin, it can act on deeper muscles
and peripheral nerves than electrical stimulation [40]. And it
is painless and causes no damage to the skin. In our study, we
found that pain and dermatitis appeared more or less in the
stimulation area of patients in control group, which did not
appear in FMS group.

Our previous studies have shown that MSUS measure-
ment of AGT is reliable and valid in assessing GHS in patients
with hemiplegia, which is in agreement with many other
researchers [41]. A lot of researches are done by Bladel et
al.,, and they found that it was valid and reliable to evaluate
the therapeutic effect of GHS by measuring changes in AHD
[9, 10]. McCreesh et al. have confirmed that MSUS is a
reliable and sensitive tool to identify AHD change [10-13].
From our study it can be found the AGT, ALT, and AHD
consistently reduced after the treatments, especially in FMS
group. The results not only show that FMS is more effective
than electrical stimulation, but also further illustrate the
correlation between ALT and GHS. The greater tuberosity
and the lesser tuberosity are adjacent, and the brachial biceps
long head tendon goes through the gap between them. It
is not difficult to measure ALT with MSUS. So, in addition
to measuring AGT and AHD with MSUS, we also assess
GHS by measuring ALT. It may be used as a supplement or
even become a more sensitive indicator. Although it has been
reported that ALT was highly correlated with GHS [4], its
validity and reliability of assessing GHS by ALT alone need
our further specialized researches to verify.

Muscle thickness affects muscle function and further
affects limb function [15]. CT and MRI have been the stan-
dard methods for accurate measurement of muscle thickness
[6,18]. But it has shortcomings of radio action, cost too much,
inconvenience, and so on. Nozoe et al. have pointed out
that MSUS measurement of muscle thickness is an effective
way to assess the limb function of hemiplegic patients [14].
Therefore, we considered whether it was possible to evaluate
the effect of FMS on the recovery of upper limb function
in GHS patients by measuring the SST and DMT by MSUS.
Dupont et al. have verified that MSUS can be used to measure
SST and DMT [18]. Our study shows that the thickness of the
two muscles significantly increase in both groups, especially
in FMS group. By stimulating the muscles and peripheral
nerves, FMS and FES can, on the one hand, maintain muscles
and peripheral nerves excitability and reduce disuse atrophy
and, on the other hand, feedback regulate and remodel
the corresponding functional areas of the cerebral cortex
to restore muscle contraction. The FMS can act on deeper
muscles and peripheral nerves than electrical stimulation,
making FMS a better treatment.

In addition, previous studies have shown that the change
of muscle thickness could be used as an indicator of muscle
atrophy [18]. However, in this study the change of muscle
thickness around the shoulder in hemiplegic patients is not
only caused by muscle atrophy alone. Because the recruited
patients were all at the early stage of hemiplegia, muscle
atrophy was not obvious in a short time. We have reasons
to believe that the more important reason is the paralyzed
muscles around the shoulder which are elongated due to the
separation of bone structure in GHS, making the muscles

become thinner. Therefore, from this point of view, SST and
DMT can also predict the extent of the GHS. Furth more,
in both control group and FMS group, the FMA scores of
upper limb function in hemiplegic side were significantly
improved after the treatments. Compared with control group,
it improved more significantly in FMS group. This is con-
sistent with the results of MSUS, thus further verifying the
relationship between each indicators of MSUS measurement
and limb function. These indicators may be used as an
objective basis for monitoring the degree of GHS.

Recently, some researchers have studied the synergistic
effects of different therapies on limb function recovery after
stroke and found that they were more pronounced than
single treatment [7, 42]. So the next step, we will study the
synergistic effects of FMS and some other therapies on GHS
and upper limb function in hemiplegic patients.

Of course, our research also has many limitations. First,
the sample size is not large enough. Second, the further
follow-up is needed to assess the long-term effect. Third,
whether FMS is effective in GHS in patients with chronic
hemiplegia is not validated. These questions deserved further
exploration and study.

5. Conclusion

The FMS is effective in the treatment of GHS in patients
with early hemiplegia, and compared with the electrical
stimulation, it is more effective. The mechanism, effectiveness
in chronic hemiplegia, long-term efficacy, and so on of the
new way, FMS, need further exploration. Meanwhile, the
changes in several indicators by MSUS measurement, such as
AGT, ALT, and AHD, as well as SST and DMT, are consistent
with the function of paralyzed upper limb. These indicators
may be used as an objective basis for monitoring the degree
of GHS. Furthermore, the validity and reliability of ALT,
SST, and DMT in assessing GHS and upper limb functional
require further proof.
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