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Abstract

Background To investigate the effects of a single injection technique with ultrasound-guided superficial cervical
fascia block combined with brachial plexus block in clavicular surgery.

Methods Forty patients, 25 males and 15 females, aged 18-85 years with ASA class | or Il underwent unilateral
clavicular fracture internal fixation. The patients were randomly divided into a superficial cervical plexus block
group (group S, n=20) and a superficial cervical fascia block group (group F, n=20). First, the brachial plexus of the
intermuscular sulcus of all patients was blocked with an ultrasound-guided injection of one injection with 15ml
0.33% ropivacaine 15ml in both groups. Second, the superficial cervical plexus was blocked by another injection

of 5-8ml 0.33% ropivacaine in group S, and the superficial cervical fascia was blocked by an injection with 5-8ml
0.33% ropivacaine in Group F. We evaluated operation time, onset time of anaesthesia, effective time and the grades
of nerve block effect in the two groups. Additionally, we evaluated the incidences of local anaesthetic poisoning,
hoarseness, dyspnoea, and postoperative nausea and vomiting, and the number of patients requiring remedial
analgesia within 24 h. Repeated measurements were analysed by repeated data analysis of variance, and count data
were compared by the x2 test. A P value < 0.05 was considered statistically significant.

Results The operation time and onset time in Group F were significantly shorter than those in group S (P < 0.05); the
effect of intraoperative block was better than that in group S (P <0.05), and the effective time was significantly longer
in group F than in group S (P < 0.05). However, no severe case of dyspnoea, local anaesthetic poisoning or hoarseness
after anaesthesia occurred in either of two groups. There was no significant difference in the rate of postoperative
salvage analgesia or that of postoperative nausea and vomiting between the two groups.
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Conclusions The application of the single injection technique with ultrasound-guided superficial cervical fascia
block combined with brachial plexus block in clavicular surgery is beneficial because it shortens the operation time,
has a faster onset, produces a more effective block and prolongs the longer analgesia time.

Trial registration Chinese Clinical Trial Registry- ChiCTR2200064642(13/10/2022).

Keywords Clavicle, Superficial cervical plexus, Superficial cervical fascia, Supraclavicular nerve

Background

Nerve block is a commonly used anaesthesia method
in the operation of clavicle fractures. Successful nerve
block anaesthesia requires simultaneous block of the
anterior rami of the spinal nerves (C3-C7) [1]. Because
of the superficial and anterior location of the clavicle,
complete nerve block often requires blocking the clavicle
to clinically derive its sensory innervation from the bra-
chial plexus and cervical plexus clinically [2-8]. Effective
block of the supraclavicular nerve in the superficial cer-
vical plexus is the key to ensuring effective block in the
clavicular region [9, 10]. The supraclavicular nerve origi-
nates from the midpoint of the posterior edge of the ster-
nocleidomastoid muscle, runs in the superficial cervical
fascia, and divides into three branches: internal, middle
and external, and distributes throughout the lateral part
of the neck, the skin of the upper part of the chest wall
and the shoulder [11]. It is not clear whether a local
anaesthetic injected into the superficial cervical fascia
can block the supraclavicular nerve effectively. To draw
a conclusion from a clinical perspective, in our trial, we
compared the analgesic effect and adverse reactions of
ultrasound-guided superficial cervical fascial block com-
bined with intermuscular sulcus brachial plexus block
and ultrasound-guided superficial cervical plexus com-
bined with intermuscular sulcus brachial plexus block
during the perioperative period of clavicular surgery.

Methods
The process of this test is as follows (see Fig. 1).

Recruitment

This trial involved human participants, human material,
and human data was therefore conducted in accordance
with the Declaration of Helsinki and have been approved
by the Ethics Committee of Chongqing Wansheng Eco-
nomic Development Zone People’s Hospital (2021ky04);
the study was prospectively registered at the Chinese
Clinical Trial Registry (Number: ChiCTR2200064642,
Date: 13/10/2022). All patients were informed of the risks
and benefits of participating in this trial and signed a
consent form before being enrolled. For this randomized,
controlled, single-blind study, 40 patients with unilateral
clavicular fracture who were scheduled to undergo open
reduction and internal fixation from November 2022
to February 2023 in Chongqing Wansheng Economic

Development Zone People’s Hospital were selected. Eligi-
bility criteria for study participation: male or female, aged
over 18 years old and an ASA class II to III. Exclusion
criteria: concomitant fracture of other parts, serious car-
diovascular disease, liver or kidney insufficiency, chronic
pain, mental illness, inability to cooperate, language com-
munication disorder, history of allergy to local anaesthet-
ics, puncture site infection, and history of neck surgery,
coagulation dysfunction. A nurse who did not participate
in the surgery used a random number table to divide the
patients into a superficial cervical plexus block group
(group S, n=20) and a superficial cervical fascial block
group (group F, n=20). A random number table was used
to randomize the patients to the groups at a 1:1 ratio.

Ultrasound-guided nerve block

The patient’s head is slightly tilted to the opposite side, a
thin pillow is placed under the shoulder, and the high-fre-
quency probe of the ultrasound (6—-13 MHz, GE LOGIQ
V3, Wuxi, Jiangsu, China) that is routinely maintained
on a daily basis is placed parallel to the supraclavicular
groove. The subclavian artery and the supraclavicular
brachial plexus nerve are found and moved slowly to
the head end until the brachial plexus nerve root in the
intramuscular groove is observed. The puncture needle
is inserted from the outside to the inside of the exter-
nal jugular vein by in-plane technology. When the tip
of the needle reached the periphery of the nerve root,
15 ml 0.33% ropivacaine (Guangdong Jiabo Pharmaceu-
tical Co., Ltd., National Pharmaceutical Approval No.
H20133178, Product Batch No. 7-B221103-1) 15ml was
injected after no blood was drawn back is injected. In all
patients the brachial plexus in the intramuscular groove
was first blocked on the same side treated by the clavicu-
lar operation using one injection under the guidance of
ultrasound. In group S, after the completion of the bra-
chial plexus block in the intermuscular groove by one
injection, an ultrasonic probe was directed to the head
side of the sternocleidomastoid muscle to find the lateral
intersection of the external jugular vein and the sterno-
cleidomastoid muscle. The superficial cervical plexus ran
between the superficial cervical fascia and the superficial
layer of the deep cervical fascia. The puncture needle was
inserted from the outside to the inside in the plane of the
puncture needle. After the puncture needle reached the
target position, 8 ml of 0.33% ropivacaine was given after
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Fig. 1 The test process in this trial

no blood was drawn back from the other injection. In
group F the ultrasonic probe was not moved after com-
pleting the intermuscular groove brachial plexus block,
the needle was withdrawn to the distance between the
superficial cervical fascia and the superficial layer of the
deep cervical fascia, and 8 ml of 0.33% ropivacaine was
given to expand the fascia of the same injection after con-
firming that the needle tip was at the target position and
no blood was drawn back. The local anaesthetic was dif-
fused along the fascia and injected approximately 4 cm in
the ultrasound plane to the front of the sternocleidomas-
toid muscle (see Fig. 2).

Operative procedure and block assessment

After entering the room, the patients’ NIBP, ECG, SPO,
were monitored, oxygen was inhaled via mask, and a
peripheral venous access was established. After intrave-
nous infusion of dexmedetomidine(Yangzijiang Phar-
maceutical Group Co., Ltd., National Pharmaceutical
Approval No. H20183219, Product Batch No. 22,090,551)

0.6 pg/kg/h, the Ramsay sedation score was maintained
at 2—4 points, and the opening was sutured following the
infusion of dexmedetomidine. In both groups, anaesthet-
ics were administered by experienced anaesthesiologists
skilled in ultrasound-guided nerve block technology and
rigorously trained before the trial. The follow-up was
completed by anaesthesiologists who were blinded to the
grouping. After anaesthesia was completed, the degree
of skin pain within the area of the left and right test
incisions was compared with the acupuncture method
every minute. When there was no pain in the skin on
the affected side, pain was no longer assessed, and the
operation started. Standard rating of nerve block effect:
Grade 1, the block scope is perfect and the patient is
painless and quiet; Grade 2, the block scope is not per-
fect and the patient has pain-free and discomfort, the
operation is completed after an intravenous injection a
small amount of opioid drugs; Grade 3, the block scope
is not perfect and the patient has obvious pain after an
intravenous injection of a small amount of opioid drugs,
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Fig. 2 Single injection for superficial cervical fascia block combined with brachial plexus block under ultrasound guidance. SCM: Chest clavicle muscle,
SA: Anterior oblique muscle; SM: Middle oblique muscle; LA: Local anaesthetic; Blue arrow: puncture needle with shallow fascia block of the neck; White

arrow: needle route of brachial plexus nerve block

and it is necessary to use local anaesthetics to finish the
operation; Grade 4, anaesthesia failure, general anaes-
thesia is needed to complete the operation. If the nerve
block effect is Grade 2 or Grade 3,auxiliary sufentanil is
injected slowly and intermittently, with the total amount
not exceeding 0.2 pg/kg. If the patient is still in pain,
the operator should use 1% lidocaine for local infiltra-
tion anaesthesia, with the total amount of lidocaine not
exceeding 100 mg. Intravenous analgesia began when
patients felt incision pain after surgery. The formulawas
as follows: sufentanil 2 pug/kg+flurbiprofen 150 mg was
100 ml, loading dose was 3 ml, maintenance dose was 2
ml/h, PCA dose was 0.5 ml/time, and locking time was
15 min. When the patient’s VAS score was greater than
or equal to 4, remedy analgesia was started.

Observation index

The primary outcomes including block operation time
(from the time when the ultrasonic probe contacts the
neck skin to the time when the local anaesthetic injection
is completed) in minutes, onset time of anaesthesia (after
the injection is completed, the acupuncture method is
used to test the reduction of skin pain within the scope
of the surgical incision every minute, and the onset time
of anaesthesia is from the time when the injection is
completed to the time when the prick pain disappears)
in minutes, the nerve block effect as a percentage, and

the time of effective nerve block analgesia (the time of
starting analgesia after the operation-the time of starting
nerve block operation) in hours were recorded for both
groups. The secondary outcomes including the number
of patients requiring relief analgesia within 24 h were
recorded, and the incidences occurrence of dyspnoea,
hoarseness, local anaesthetic poisoning, nausea and vom-
iting in the two groups were recorded. Additionally, HR,
SBP and DBP at the 5 min (T1)after entering the room,
at the time of anaesthesia induction (T2), at 5 min after
skin incision (T3) and at the time of leaving the operating
room (T4) were recorded for the two groups.

Data statistics

The incidence of perfect anaesthesia effect of the two
nerve block methods in the preliminary experiment was
60% and 95%. The power for the primary outcome block
effect is calculated based on a two-sided t test with a sig-
nificance level of 5% and 80% power. Therefore, a total
sample size of 40 cases was selected based on the sam-
ple size calculation formula and referring to the http://
powerandsamplesize.comwebsite. All data were analysed
by SPSS 17.0 software. Normally distributed measure-
ment data are expressed as the mean *standard deviation
(X£S); and the independent sample t test was used for
comparisons between groups; repeated data analysis of
variance was used for repeated measurement data. The
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Table 1 Patient characteristics and clinical data presented as the
mean + standard deviation or percentages as appropriate

Variables Group S Group F p
(n=20) (n=20) value
Sex (male/female) 55%/45% 70%/30% 0.523
Age (years) 494+129 548+9.7 0.138
Height(cm) 163.5+7.0 1644+78 0688
Weight(kg) 651+12.2 64.6+9.6 0.892
Body Mass Index (kgm=2) 242+33 239427 0.705
ASA(/1) 80%/20% 809%/20% 1.000
Surgical method(internal fixation/  55%/45% 65%/35% 0.748
removal)
Duration of surgery (minutes) 102.8+39.0 1228+44.1 0.138

Table 2 Comparison of neural block operation time, onset time,
block effect operation time and effective analgesia time between
the two groups

Variables Group S Group F p
(n=20) (n=20) value
Block operation time(min)  6.34+0.98 5.47+0.96 0.007
Onset time(min) 3.60+147 260+1.39 0.033
Block effect(1/2/3/4) 609%/30%/10%/0  95%/5%/0/0 0.023
Effective analgesia time (h) 6.30+3.63 1045+£3.14  <0.001

counting data were expressed in cases (%) and compared
between the groups using x2 test. A P value<0.05 was
considered statistically significant. For each group, all
participants were included in each analysis and the analy-
sis was of the original assigned groups.

Results

From November 2022 to February 2023, our test was
conducted in accordance with the intention-to-treat
method. Forty patients were eligible for enrolment and
agreed to participate, and no patient was excluded (see
Fig. 1). All 40 patients completed the test and were ran-
domly divided between two groups of 20 patients each.
There was no significant difference in sex, age, height,
weight, BMI, ASA grade, surgical method or duration of
surgery between the two groups (P>0.05) (see Table 1).

Primary outcomes

The block operation time and onset time of group F were
significantly shorter than those of group S (P<0.05); the
patients in the two groups underwent the surgery under
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nerve block, no anaesthesia conversion was needed, and
the block effect during the operation was better than that
of group S (P<0.05); and the effective analgesia time was
significantly longer than that of group S (P<0.05)(see
Table 2).

Secondary outcomes

None of the patients in either of the two groups had
severe dyspnoea, local anaesthetic poisoning reactions
or hoarseness after anaesthesia. One patient in group F
required remedial analgesia within 24 h, one patient in
group F and two patients in group experienced nausea
and vomiting. There was a statistically significant dif-
ference in heart rate at the time of anaesthesia induc-
tion (T2) between the two groups(P<0.05); but there
was no statistically significant difference in vital signs
between the two groups at other time points(P>0.05)
(see Table 3).

Discussion

Clavicular fracture is one of the most common clinical
fractures, and incision reduction internal fixation surgery
is the main treatment method [12]. This test showed that
ultrasound-guided superficial cervical fascia block com-
bined with brachial plexus block has a better block effect,
shortens the operation and analgesia onset times and
has a longer effective analgesia time than brachial plexus
block. With respect to its anatomical location, the clav-
icle belongs to the upper limb bone, which is controlled
by the C3 to C7 spinal nerves. Leurcharusmee P [13]
found through anatomy that the supraclavicular nerve
(C3~4) innervates the skin and sternoclavicular joint of
the entire clavicular region, while the acromioclavicu-
lar joint is innervated by the supraclavicular nerve and
the lateral thoracic nerve. The subclavian nerve (C5~6)
innervates the caudal and dorsal sides of one-third of the
clavicle, and the lateral thoracic nerve (C5~7) innervates
the caudal part of the clavicle. Successful nerve block
anaesthesia in clavicular surgery requires simultaneous
block of the supraclavicular nerve in the brachial plexus
and superficial cervical plexus. The brachial plexus is
relatively thick and stable. With the application of ultra-
sound, the success rate of blocking is high. Whether the

Table 3 Comparison of intraoperative vital signs between the two groups

Variables Group T1 T2 T3 T4
HR(bpm) S(n=20) 79.2+108 799+9.7 77.1+10.1 739493
F(n=20) 7334101 73.1+49.6° 7134109 684+128
SBP(mmHg) S(n=20) 1264+18.8 1276+173 122.0+188 1195+16.9
F(n=20) 12874223 130.8+24.9 12154153 11584115
DBP(mmHg) S(n=20) 793496 7854102 764+10.0 754+108
F(n=20) 81.14+15.0 79.2+126 765+123 726499

Comparison with group S, ?P<0.05
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supraclavicular nerve can be successfully blocked is the
key to ensuring the anaesthesia effect [9, 10].

At present, ultrasound-guided superficial cervical
plexus combined with brachial plexus block is the most
widely used method in clinical practice [2-8]. Jiang Xin
[14] conducted an ultrasound-guided great auricu-
lar nerve assisted localization of superficial cervical
plexus block study, in which the rate of complete block
of the supraclavicular nerve was only 80%, which was
believed to related to the anatomical variation of the
supraclavicular nerve [15]. In the clinic, some patients
have poor analgesic effects and require the operator to
administer additional local anaesthesia or even change
to general anaesthesia to complete the operation. The
two-point puncture method increases pain in skin punc-
ture patients. In 2014, Valdés-Vilches LF [9] reported
that ultrasound-guided localization of the supraclavicu-
lar nerve in the intramuscular groove 2~3 cm above the
clavicle and selective supraclavicular nerve block with a
low volume (1.5~2 ml) combined with brachial plexus
block with a low volume (8~15 ml) could provide a sat-
isfactory anaesthetic effect for operation of internal fixa-
tion of the clavicle. However, the supraclavicular nerve is
too small to identify under ultrasound and its branches
and routes are variable [16]; therefore, this approach is
difficult to promote in clinical practice. This method of
ultrasound-guided superficial cervical fascia block com-
bined with brachial plexus block may have a better anaes-
thesia effect than previous supraclavicular nerve block or
combined anterior cervical plexus block and requires the
use of fewer anaesthetics. Relevant studies can be further
conducted.

In recent years, ultrasound-guided interfascial plane
block has been widely used for regional anaesthesia and
pain management of the trunk [17, 18]. The supracla-
vicular nerve originates from the posterior margin of
the midpoint of sternocleidomastoid muscle and runs
between the superficial layer of deep fascia and super-
ficial cervical fascia. It is divided into three internal and
external branches, distributed in the skin of the lateral
neck, the upper part of the chest wall and the shoulder
[4]. The strengths of our study are as follows. First, the
single-point skin puncture is used to complete the nerve
block operation; the other is to successfully complete
clavicle operation by combining superficial cervical fascia
block and brachial plexus nerve block to achieve anaes-
thesia. In our study, the superficial cervical fascia block
group received an intramuscular groove brachial plexus
block through an in-plane technique without moving the
ultrasonic probe before withdrawing the needle to the
superficial cervical fascia layer and expanding the fascia
with local anaesthetics. The needle is sent to the front
of the sternocleidomastoid muscle along the expanded
fascial space, which can ensure that the internal and
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external branches of the supraclavicular nerve can be
fully blocked. Injecting liquid medicine between the two
layers of fasciae is conducive to its diffusion throughout
the fascia and and there is less overflow of liquid medi-
cine outside the fascia, so more liquid medicine can act
on the nerves in the fascia for a longer time. This is the
reason the superficial cervical fascial block group in
this study had a shorter block operation time and onset
time, a better blocking effect and a longer analgesia time.
Without a moving ultrasound probe, it is not necessary
to identify the anatomical structure under ultrasound
again; thus reducing the blocking operation time.In our
study, the reduction in heart rate at T2 in the superficial
cervical fascial block group may be related to the comple-
tion of both the brachial plexus nerve and the superior
clavicle nerve block through a puncture point, which bet-
ter reduces the pain of patients than two skin punctures.
No cases of local anaesthetic poisoning, hoarseness or
diaphragmatic paralysis was found in this study, which
proves that ultrasound-guided nerve block is safe [19].
It may also be related to the low dosage of anaesthetics
used for intramuscular sulcus brachial plexus block [20].

The inadequacies of this study are as follows: first, this
study did not discuss the optimal concentration and vol-
ume of local anaesthetics for superficial cervical fascial
block; second, invasive arterial blood pressure monitor-
ing was not performed; third, the ultrasound contrast
monitoring of diaphragm movement was not performed,
and the observation of dyspnoea was used to assess
whether the sensitivity of the phrenic nerve block was
poor, especially for patients with good cardiopulmo-
nary function. In addition, the sample size seems insuf-
ficient to detect any adverse effects. Ultrasound-guided
nerve block methods cause very few adverse reactions.
Therefore, such reactions were not considered for this
test, which is a shortcoming of this article, and further
research is needed in the future. The scheme provided
by this experiment shows obvious advantages, and future
research requires more sophisticated methods for further
in-depth research.

Conclusions

In summary ultrasound-guided single-point superfi-
cial cervical fascial block combined with intramuscular
groove brachial plexus block in clavicular surgery has a
short blocking operation time, satisfactory effect, fast
onset, long analgesia time and no obvious complications.
Further research is needed to identify the optimal con-
centration and volume of local anaesthetics for super-
ficial cervical fascial block and to observe its possible
adverse effects in a sufficient sample size. It may improve
patient satisfaction and reduce healthcare-related costs.
It is worth promoting in clinical practice.
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ASA American Society of Anaesthesiologists score
NIBP  Nonlnvasive blood pressure

ECG Electrocardiogram
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