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-is paper aimed to explore dexmedetomidine combined local anesthetics in brachial plexus block through ultrasound imaging
(UI) under global joint entropy algorithm. Patients who underwent upper limb surgery and brachial plexus block were selected as
research objects. Patients in group A were given 0.375% ropivacaine and normal saline, and patients in group B were given 0.375%
ropivacaine and 1.0 μg/kg dexmedetomidine. -e results of UI were analyzed by global joint entropy-based K-means clustering
(GKC) algorithm, and the use effects of the twomethods were compared in combination with other postanesthesia manifestations.
-e results were as follows. -e segmentation accuracy (96.21% and 83.52%) of GKC was higher than 82.21% and 70.52% of the
local joint entropy-based K-means clustering (LKC) (P< 0.05). -e duration of sensory and motor block (352.78± 45.89min and
324.38± 41.29min) in group B was significantly longer than 292.28± 35.69min and 256.58± 42.76min in group A (P< 0.05).
Compared with 84.91± 8.77 beats/min and 89.58± 7.62 beats/min in group A, mean arterial pressure (70.24± 9.77 beats/min and
69.89± 8.97 beats/min) in group B was lower at T1 and T2 (P< 0.05). -e duration of postoperative pain (582.70± 51.89min) in
group B was longer than 372.89± 49.89min in group A (P< 0.05). -e postoperative pain score (2.98± 1.08) in group B was
significantly lower than 4.48± 2.19 in group A (P< 0.05). -erefore, dexmedetomidine combined local anesthetics could prolong
the duration of sensory and motor nerve block. Besides, dexmedetomidine had sedative and analgesic effects, so as to prolong
postoperative pain time and reduce pain degree of patients.

1. Introduction

Brachial plexus block is a commonly applied method of
anesthesia in upper limb surgery. It is an anesthetic method in
which local anesthetics are injected around the brachial plexus
nerve trunk to produce nerve conduction block in the area [1].
Brachial plexus block can generally be blocked by the
intermuscular groove approach between the anterior and
middle scalene muscles. Besides, it can also be blocked by the
supraclavicular or the axillary approaches. In addition to these
three approaches, there are other 3 approaches to be chosen,
such as the subclavian approach, the approach next to cor-
acoid process, and the cervical nerve root approach [2]. -e
patient should be kept conscious during the surgery. When

the patient will feel pain that is caused by the generated stretch
during the surgery, analgesia should be conducted.

Dexmedetomidine is a highly selective α-2 adrenergic
receptor agonist with sedative, anti-inflammatory, hypnotic,
and analgesic effects [3]. Ropivacaine is an anesthetic
commonly applied in regional anesthesia [4]. El-Boghdadly
et al. [5] investigated the mechanism of brachial plexus block
and found that intravenous infusion of dexmedetomidine
can prolong the time of ropivacaine block. However, there
are few domestic research studies on the therapeutic effects
of dexmedetomidine combined local anesthetics in the
surgery of brachial plexus block.

With the rapid development of computer image pro-
cessing technology, the application of UI in medical imaging
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has gradually become widespread [6]. It is one of the critical
tools for clinical pathological diagnosis in medicine.
-rough the localization and recognition of ultrasonic
images and the extraction of graphic features, the pathology
is analyzed so that the efficiency of clinical diagnosis is
improved. -e ultrasonic images for image segmentation of
lesions have always been a hot topic in current research [7].
Nallam et al. [8] proposed the LKC, which had a good
segmentation effect on images with non-Gaussian noise.-e
operation process of this algorithm is more complicated, so
the segmentation time is relatively long. Based on the above,
GKC was put forward in this study, which had a good
segmentation effect on ultrasonic images. In recent years, the
development of UI has reduced the difficulty of brachial
plexus block, thereby promoting the therapeutic effect of
nerve block. -e brachial plexus block intuitively guided by
ultrasonic images is highly effective compared with the
traditional brachial plexus block method that only applies
the body surface positioning [9].

-e GKC and LKC were used for ultrasonic images of 80
patients undergoing brachial plexus block anesthesia, and a
comparison of the effects of the two algorithms was con-
ducted. -us, the diagnostic value of medetomidine com-
bined with ropivacaine was comprehensively evaluated in
brachial plexus block.

2. Materials and Methods

2.1. Selection of Research Objects. In this study, 80 patients
were selected as the research objects, who received the upper
extremity surgeries with brachial plexus block from No-
vember 18, 2019, to May 20, 2020. Based on a random
number table method, they were enrolled into groups A and
B (40 cases in each group). -e grading of American As-
sociation of Anesthesiologists (ASA) included the 3 grades
(I, II, and III). Patients from group A were given 0.375%
ropivacaine and normal saline, while patients from group B
were injected with 0.375% ropivacaine and 1.0 μg/kg dex-
medetomidine. Furthermore, the time was controlled within
10 minutes. -is experiment had been authorized by the
Medical Ethics Committee of the hospital, and the patients
and their family members had understood the situation of
this experiment and signed the informed consent forms.

-e criteria for inclusion were defined to include patients
who were treated with the upper extremity surgeries, had the
surgery time less than 4 hours, had normal coagulation
function, were younger than 45 years old, and had clear
consciousness in order to normally take part in this
experiment.

-e criteria for exclusion were defined to include pa-
tients who were allergic to local anesthetics, suffered from
infection at the block site, had abnormal heart, liver, and
kidney functions, and withdrew from this experiment due to
their own reasons.

2.2. Physical Condition Grading Standards and Observation
Indicators. According to the ASA, the physical conditions of
patients could be classified into grade I (patients were

normal and healthy), grade II (patients suffered from mild
systemic diseases), grade III (patients had severe systemic
diseases), grade IV (patients had severe systemic disease and
their lives were in danger), grade V (patients were near death
with a low surgical success rate), and grade VI (patients
suffered from brain death).

Observation indicators were as follows. -e heart rate
(times/min) and mean arterial pressure (mmHg) of pa-
tients from the two groups were recorded at each time
point, including before the anesthesia (T0), the surgical
duration of 30 minutes (T1), and the end of surgery (T2).
When the heart rate exceeded 100 beats/min, anesthesia
had to be stopped and esmolol was injected intravenously
at 1mg/kg. When the heart rate was lower than 50 beats/
min, atropine was given at 0.3mg/time. Sensory block
evaluation was to score the pain degree of the action sites
of the ulnar, median, and musculocutaneous nerves. -e
total score was 3 points, namely, 0 point for no pain; 1
point for no pain but reaction; and 2 points for pain. -e
onset time of sensory block was defined as the time from
the end of brachial plexus block injection to the time the
sensory block of patient with pain (2 points) in the
corresponding area of nerve control. Furthermore, the
onset time of motor block was presented as the time from
the end of brachial plexus block injection until the motor
ability with 2 points of the corresponding area controlled
by the nerve.

2.3. Anesthesia Process of Brachial Plexus Block. -e patients
from the two groups needed to fast for 10 hours and not to
drink for 6 hours before the surgery. Moreover, they
should not take any medicine before the surgery. When a
patient entered the laboratory, a monitor had to be
connected to detect the mean arterial pressure, pulse
oxygen saturation, and heart rate of patient in real time.
During anesthesia, the patient took a supine position, with
the head tilted to one side, the affected upper limbs were
placed at 90 degrees to the body, and the hands should be
placed on the head. -e whole body was in a salute shape,
so that the axilla was completely exposed for subsequent
puncture operation.

In this study, two experienced physicians performed
brachial plexus blocks on patients. GEV730 and Philips U22
Doppler ultrasound diagnostic instrument were used. -e
probe frequency was 3.5–5.0MHz. -en, the UI charac-
teristics should be carefully observed at the site of brachial
plexus block. -e probe was put into the axillary artery of
patient to capture a clear image. Besides, the site to be
punctured should be sterilized. -e puncture needle was set
on one side of the probe, and there was a puncture at the
interface perpendicular to the brachial plexus nerve. -e
puncture depth of this needle was observed through the
ultrasonic image, so as to reach the designated position and
inject the corresponding medicine. Patients from group A
received 0.375% ropivacaine and normal saline while pa-
tients from group B were administered with 0.375% ropi-
vacaine and dexmedetomidine at 1.0 μg/kg, and the time was
both controlled within 10 minutes.
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2.4. K-Means Clustering Algorithm Based on Global Joint
Entropy. -e definition of joint entropy is as follows. -e
two random variables A and B satisfied the following
equation:

Wθ(A, B) � C Lθ(A − B)􏼂 􏼃. (1)

In practice, another mathematical expression was often
employed to represent the joint entropy, as shown in the
following equation:

W
∧
M,θ(A, B) �

1
M

􏽘

M

i�1
Lθ ai − bi( 􏼁, (2)

where M represented the number of all data and ai and bi

stood for random variables. -e energy function equation of
GKC was as follows:
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where h(x) � exp(−x2/2θ2) was the Gaussian kernel func-
tion and q expressed the width of the kernel. Moreover,
π(i, 1) � 1 − G(φi) and π(i, 2) � 1 − G(φi). -en, the

objective function of GKC was calculated by transforming
the level set theory and iterative weighting algorithm, as
shown in the following:
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where the first item stood for the external energy item, the
second item represented the edge length constraint item, the
third item meant the symbol distance equation, and x
expressed the non-negative parameter item. -e zero level
set of the level set j was represented by the target contour E.
Furthermore, the Heaviside function was expressed as G(·),
as shown in the following equation:

Gλ(x) �
1
2

1 +
2
π
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􏼒 􏼓􏼔 􏼕. (5)

-e derivative equation could be expressed as follows:

ψλ(x) � Gλ′(x)
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where λ � 1. Since equation (4) was a non-linear function,
an iterative weighting algorithm was applied, and the cal-
culation equation was as follows:
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Equations (7) and (8) could meet −ηs
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2 stood for the cluster centers, and −ηs

i,1 and
−ηs

i,2 represented the weights from the pixel i to the two
cluster centers in turn. According to equations (4)–(8), the
objective function of the GKC in the s-th iteration could be
obtained as follows:

CGCK φ,Ω1,Ω2( 􏼁 � min
φ,Ω1 ,Ω2

􏽘

M

i�1
Gh φi( 􏼁 × ηs

i,1 Ji −Ω1
����

����
2
2 + 1 − Gh φi( 􏼁( 􏼁ηs

i,2 Ji −Ω2
����

����
2
2 + ξ 􏽘

M

i�1
∇Gε φi( 􏼁

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌

⎧⎨

⎩

⎫⎬

⎭. (9)

Scientific Programming 3



-e target contour of j was calculated by the standard
gradient descent method, which was obtained through the
following two steps. -us, the equations of first step were as
follows:
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where Ωs
1 and Ω

s
2 stood for the weighted mean values of all

pixels in the evolution curve. As for images with uniform
gray levels, there was a good segmentation effect. -e gra-
dient flow equation was employed to calculate the level set
function, and the equation of second step could be shown in
the following.
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where α represented the step length, which was generally
taken as α � 0.1, and it also satisfied the following equation:
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Based on the above steps, the flowchart of GKC in this
study was as follows (Figure 1).

2.5. Simulation Experiment Design. When verifying the
segmentation results of the GKC model, including images
without noise (platform 1) and images with salt and pepper
noise (platform 2), the GKC model was compared with the
LKC model.

For the accuracy of the segmentation results of the GKC
model, the Jaccard similarity ratio was used for quantitative
analysis, and the equation could be expressed as follows:
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where DIV1 and DIV2 represented the standard segmen-
tation result and the GKC segmentation result of this study.

2.6. Statistical Methods. -e data processing of this study
was analyzed by SPSS20.0 statistical software. -e mea-
surement data were expressed as mean± standard deviation,
which conformed to the normal distribution. -ere were
statistics on the average height, the surgical duration, the
time of using the tourniquet, and the brachial plexus block
time, block onset time, and block duration of patients from
the two groups. In addition, the non-conformity count data
were represented by percentage (%), and the Jaccard simi-
larity ratio of the two algorithms was calculated. P< 0.05
meant that the difference was statistically substantial.

3. Results

3.1. Comparison of Diagnostic Performance of the Two
Algorithms. In order to compare the effects of GKC and
LKC, they were adopted in the ultrasonic images of 80
patients with brachial plexus block anesthesia, and the effects
of GKC were significantly better than those of LKC
(P< 0.05). Figure 2 shows the comparison results of Jaccard
similarity ratios of the two algorithms. It was found that the
accuracy rate of the GCK model in this study was 96.21%

when platform 1 image was segmented, and the accuracy
rate of platform 2 was 83.52%. -erefore, both of them were
higher than those of the image of LKC, with better seg-
mentation effects.

-e study aimed to compare the effects of GKC and LKC
on ultrasound images of 80 patients with brachial plexus
block. Figure 2 shows the comparison results of Jaccard
similarity ratio between two algorithms (P< 0.05). -e re-
sults showed that the accuracy of GCK model in this study
was 96.21% in platform 1 and 83.52% in platform 2.
-erefore, both of them were better than those of the LKC
image with better segmentation effect.

3.2. Comparison of Basic Data of Patients from the Two
Groups. Comparison of the age, height, gender, weight, and
surgical time of patients from the two groups was conducted,
suggesting that the differences were not statistically obvious
(P> 0.05). -e comparison results of the average height and
surgical time of patients from the two groups are shown in
Figure 3.

3.3.UltrasoundImageCharacteristics ofBrachialPlexusBlock.
-e brachial plexus nerve was divided into four areas to
describe the UI characteristics, such as the level of the
intermuscular groove, the level of the posterior triangle, the
level of the subclavian fossa, and the level of the axilla.

-e intermuscular groove was located in the space be-
tween the anterior and the middle scalene muscles. Besides,
the brachial plexus nerve block of the intermuscular groove
approach could block the suprascapular nerve, lateral tho-
racic nerve, musculocutaneous nerve, axillary nerve, and the
supraclavicular branch of cervical plexus. When there was a
nerve block, the sheath of the brachial plexus was a direct
continuation of the dura mater, which was connected to the
epidural space (Figure 4). -e level of the posterior triangle
of the neck was located in the supraclavicular area. In this
region, the brachial plexus passes from “root” to “stem.” C5
and C6 formed the upper trunk, C7 formed the middle
trunk, and the lower trunk was formed by C8 and T1. -e
upper and middle trunks were usually located on the surface
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or outside of the subclavian artery, while the inferior trunk
was usually situated on the deep surface of the subclavian
artery.

-e brachial plexus block of subclavian fossa level could
not block the intercostal brachial plexus but could block the
brachial plexus in other areas. -us, the brachial plexus was
divided into lateral, medial, and posterior bundles at the
axillary level (Figure 5). It was actually a collection of ter-
minal nerves. -e main branch of the lateral bundle was the

musculocutaneous nerve, and the position of the muscu-
locutaneous nerve had more mutations. Besides, the medial
cutaneous nerves of the arm and forearm were the main
branches of the medial bundle. Some small cutaneous nerve
branches of the medial cutaneous nerve of the arm passed
through the superficial fascia at the level of the latissimus
dorsi, forming communication with the intercostal brachial
nerve to innervate the skin of the inner arm. In addition, the
terminal branch of the medial bundle was the ulnar nerve.

Start

s = 1

Images and parameters

Initializes the level set
function ψ=ψ0 and weight

According to formula (9),
(11) and (12)

Update the level set function
according to formula (13)

Level set function ψ

End

ψs = ψs-1 ?
NO

YES

Figure 1: Flowchart of GKC.
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Figure 2: Comparison of Jaccard ratio between two algorithms. Note: ∗indicated that the comparison was statistically significant (P< 0.05).
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-e main nerve branches of the posterior bundle included
the radial nerve, axillary nerve, subscapular nerve, and
thoracic dorsal nerve. -e radial nerve usually lied behind
the axillary artery and on the surface of the latissimus dorsi
tendon. -e axillary nerve usually accompanied the

posterior circumflex artery and innervated the skin of the
lower edge of the deltoid muscle. -e subscapular nerve
dominated the subscapularis muscle and part of the shoulder
joint capsule. Furthermore, the thoracic dorsal nerve
dominated the subscapular muscle and teres major.

3.4. Surgical Progress of Patients from the Two Groups.
-e time of applying tourniquet and the time of brachial
plexus block of patients from the two groups were compared
during the surgeries, showing that the differences were not
statistically substantial within and between groups (P> 0.05)
(Figure 6).

3.5. Comparison of the Effects of Brachial Plexus Block in
Patients from theTwoGroups. A comparison of the blocking
effects of patients from both groups was conducted. -e
comparison results showed that the onset time of sensory
block andmotor block was not substantially different among
patients from the two groups (P> 0.05) (Figure 7). -e
duration of sensory and motor block (352.78± 45.89min
and 324.38± 41.29min) in group B was significantly longer
than 292.28± 35.69min and 256.58± 42.76min in group A,
and the differences were statistically significant (P< 0.05)
(Figure 8).

3.6. Comparison of Different Indicators of Patients from the
TwoGroups. -e heart rate of patients from group A did not
change greatly at different time points, and there were no
obvious differences (P> 0.05). -e heart rate of patients
from group B slowed down at T1 and T2 in contrast to T0
(P< 0.05) (Figure 9). Figure 10 reveals that the mean arterial
pressure of patients from group A at different time points
had no great difference (P> 0.05). Compared with
84.91± 8.77 beats/min and 89.58± 7.62 beats/min in group
A, the mean arterial pressure (70.24± 9.77 beats/min and
69.89± 8.97 beats/min) in group B decreased sharply at T1
and T2 (P< 0.05).

3.7. Comparison of the Postoperative Analgesia of Patients
from the Two Groups. In Figure 11, the duration of post-
operative pain (582.70± 51.89min) in group B was longer
than 372.89± 49.89min in group A, and the difference was
statistically marked (P< 0.05). Compared with 4.48± 2.19 in
group A, postoperative pain score (2.98± 1.08) in group B
was significantly decreased (P< 0.05), which is shown in
Figure 12. -us, it suggested that dexmedetomidine com-
bined local anesthetics could prolong the duration of pain
and reduce the pain of patients.

4. Discussion

Brachial plexus block is the most generally applied method
of nerve block anesthesia in clinical practice. Local anes-
thetics are injected around the brachial plexus nerve trunk to
cause conduction block in the area controlled by the nerve. It
is generally used for upper extremity surgery [10]. Dex-
medetomidine has a relatively short half-life, so it can be

Group A
Group B

Average height (cm) Time of operation (min)
0

50

100

150

200

D
at

a

Figure 3: Comparison of the average height and surgical time of
patients from the two groups.

Figure 4: An image of intermuscular groove brachial plexus nerve.
Note: the gap located between the anterior and the middle scalene
muscles was presented in the above image. -e patient was a 43-
year-old male.

Figure 5: An image of brachial plexus block at axillary level. Note:
there were visible lateral, medial, and posterior bundles.-e patient
was a 46-year-old male.
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used as a good intravenous anesthetic [11]. Somsunder et al.
[12] adopted dexmedetomidine combined with ropivacaine
to act on peripheral nerve and motor nerve block, finding
that it could hugely reduce the onset time of sensory block
and prolong the recovery time of peripheral and motor
nerves. In this study, the duration of sensory and motor
blocks was obviously prolonged, and there was no difference
from the above results. Ropivacaine is an amide anesthetic,
which has a longer action time, higher clearance rate, and
higher safety than previous anesthetics [13], and the degree
of anesthesia can be strictly controlled according to the dose
of ropivacaine. Due to the above advantages, ropivacaine is
extensively applied in clinical practice [14].

-ere was no great difference among patients from
groups A and B in terms of age, height, gender, weight, and
surgical time (P> 0.05). Besides, the duration of sensory and
motor blocks in patients from group B was longer extremely
than the duration of group A (P< 0.05). -is was consistent

with the research results of Jung et al. [15]. -e main
mechanism of action is that dexmedetomidine can indirectly
drop the content of adrenaline and directly inhibit the
transmission of neuronal action potential [16]. In the nerve
center, dexmedetomidine can control the delivery of a
certain kind of substance in the dorsal horn neuron pain
pathway, so as to function as the α-adrenergic receptor,
thereby reducing the dosage of local anesthetics and de-
creasing the poisoning caused by local anesthetics [17].

After a certain dose of dexmedetomidine was given to
patients from group A, they all showed clinical features of
sleepiness and lethargy, indicating that dexmedetomidine
had a sedative effect. Das et al. [18] pointed out that
dexmedetomidine would slow down the heart rate and
lower blood pressure. -e mean arterial pressure of

Group A
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Tourniquet use time Nerve block operation time
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Figure 6: Indicators of patients from both groups in the surgical
process.
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Figure 7: Comparison of the block onset time among patients from
groups A and B.
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Figure 9: Comparison of the heart rates of patients from both
groups at different time points. Note: ∗ showed that the difference
was statistically substantial in contrast to group B at T0 (P< 0.05),
and # meant that there was a statistically huge difference in contrast
to group A (P< 0.05).
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Figure 8: Comparison of the duration of block in patients from
both groups. Note: ∗indicated that the difference was statistically
remarkable in contrast to group A (P< 0.05).
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patients from group B in this study dropped 30 minutes
after the injection of dexmedetomidine, and their heart
rate slowed down. -us, dexmedetomidine could indeed
relieve anxiety in patients during surgery, reduce heart
rate, and lower mean arterial pressure. -e duration of
first postoperative pain in patients from group B was
obviously longer than the duration of group A (P< 0.05),
suggesting that dexmedetomidine combined local anes-
thetics could increase the duration of pain. -e first
postoperative pain score of group B was dramatically
lower than the score of group A (P< 0.05), so dexme-
detomidine had an analgesic effect. -e results of this
study were basically consistent with initial expectations.
Combined anesthesia worked better for patients. -is
might be related to analgesic effects of dexmedetomidine,
which reduced the suggestive psychology of patients to a
certain extent [19, 20].

In this study, ultrasonic images were processed by
GKC and compared with LKC.-e segmentation accuracy
(96.21% and 83.52%) of GKC was higher than 82.21% and
70.52% of LKC (P< 0.05). -e results indicated that no
matter what platform was used, GKC algorithm had better
segmentation performance. However, there was a lack of
research related to this result, which lacked comparison
and more conclusions to support. -erefore, it was sug-
gested to strengthen the study of relevant experiments
later.

5. Conclusion

-e ultrasound images of 80 patients with brachial plexus
block anesthesia were analyzed by GKC and LKC in turn,
and it was found that the segmentation effect of GKC was
superior to LKC. Dexmedetomidine combined local anes-
thetics could obviously enhance the effect of brachial plexus
block and prolong the duration of sensory and motor nerve
blocks. Dexmedetomidine had sedative and analgesic effects,
so as to slow down the heart rate and lower the mean arterial
pressure. However, the duration of postoperative pain was
prolonged, and the degree of pain was reduced. -e limi-
tation of this study was that the health status of the subjects
was good, without other comorbidities such as hypertension
and diabetes. -e sample size of the study was small, so the
results of the study were not representative enough.
-erefore, whether the results of this study were generally
useful to people with comorbidities needs further study. It is
suggested to expand the sample size and type in the follow-
up study to make the results more convincing. To sum up,
the results of this study can provide an effective method for
clinical brachial plexus block surgery.
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-e data used to support the findings of this study are
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Figure 10: Comparison of the mean arterial pressure of patients
from both groups at T0, T1, and T2. Note: ∗ revealed that the
difference was statistically substantial in contrast to group A
(P< 0.05).
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Figure 11: Comparison of the duration of first postoperative pain
in patients from both groups. Note: ∗ indicated that the difference
was statistically marked in contrast to group A (P< 0.05).
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Figure 12: Comparison of the scores of first postoperative pain in
patients from both groups. Note: ∗ indicated that there was a
statistically huge difference in contrast to group A (P< 0.05).
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