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Abstract: Background and Objectives: Ultrasound (US)-guided cervical selective nerve root block
(SNRB) is a widely used treatment for upper limb radicular pain. The long thoracic nerve (LTN)
passes through the middle scalene muscle (MSM) at the C7 level. The needle trajectory of US-guided
C7 SNRB pierces the MSM, therefore indicating a high probability of injury to the LTN. We aimed to
identify the LTN and to investigate the risk of needle injury to the nerve during US-guided C7 SNRB.
Materials and Methods: This retrospective observational study included 30 patients who underwent
US-guided SNRB at the C7 level in a university hospital. We measured the maximal cross-sectional
diameter (MCSD) of the LTN and cross-sectional area (CSA) of the C7 nerve root and assessed the
injury risk of LTN during US-guided C7 SNRB by simulating the trajectory of the needle in the
ultrasound image. Results: The LTN was detectable in all the cases, located inside and outside the
MSM in 19 (63.3%) and 11 (36.7%) of cases, respectively. The LTN’s mean MCSD was 2.10 mm (SD
0.13), and the C7 root’s CSA was 10.78 mm2 (SD 1.05). The LTN location was within the simulated
risk zone in 86.7% (26/30) of cases. Conclusion: Our findings suggest a high potential for LTN injury
during US-guided C7 SNRB. The clear visualization of LTNs in the US images implies that US
guidance may help avoid nerve damage and make the procedure safer. When performing US-guided
C7 SNRB, physicians should take into consideration the location of the LTN.

Keywords: long thoracic nerve; ultrasound; cervical nerve root; selective nerve root block

1. Introduction

Cervical transforaminal steroid injection (TFSI) is an effective treatment for radiating
pain in the upper limb caused by cervical disc disorders [1,2]. TFSI is usually conducted
under fluoroscopy or computed tomography (CT) guidance. However, such a procedure
bears the risk of accidental intravascular injection and can cause fatal complications, such
as brain stem and spinal cord infarctions [3]. In contrast, ultrasound (US)-guided cervical
selective nerve root block (SNRB) is a safer alternative procedure because it can be per-
formed while identifying dangerous structures, including blood vessels and peripheral
nerves around the target nerve root [4–8].

Progress in high-resolution ultrasound technology has enabled the visualization of
small peripheral nerves. In several studies, the brachial plexus and small nerves around
the neck were observed using US [9–15]. The long thoracic nerve (LTN) originates from the
anterior branches of the 5th, 6th, and 7th cervical nerve roots and travels to the supraclav-
icular region after piercing the middle scalene muscle (MSM) [15]. The proximal portion
of the LTN is formed by the upper portion stemming from the C5 and C6 nerve roots
and the lower portion stemming from the C7 nerve root [16]. In 2015, Lieba-Samal et al.
reported that LTN could be reliably visualized using ultrasound [11]. The LTN appeared
as a hyperechoic fascial line running within the MSM on the US image. The branches from
the C5 and C6 nerve roots converged to the main LTN within this fascia.
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Two studies have investigated the dorsal scapular nerve (DSN) and LTN during
US-guided interscalene brachial plexus block using a posterior approach [10,12]. In both
studies, the authors identified nerves within the MSM. According to Kim et al., there could
be a risk of injury to the DSN and LTN during the procedure [12].

When performing US-guided cervical SNRB, the transducer is applied transversely
to the lateral aspect of the neck. The needle is inserted on the posterolateral side and
advances obliquely toward the target nerve root. The trajectory should pass through the
MSM during the procedure at the C7 level. Since the superior portion of the LTN is usually
found within the MSM, it may be in the middle of the needle’s trajectory. We thought that
needle injury is more likely to occur in the LTN during US-guided C7 SNRB. This study
aimed to identify the LTN around the C7 transverse process in an ultrasound image and
investigate the possibility of LTN injury during US-guided C7 SNRB. We hypothesized
that an area between the needle’s paths during the procedure is the area with a high risk of
injury. We evaluated whether the LTN was inside the risk area on the US image.

2. Materials and Methods

This retrospective observational study was approved by the institutional review board
of our hospital (2020GR0355). We reviewed and analyzed the US images of patients who
underwent US examination or US-guided SNRB at the C7 level from September 2017 to
March 2018.

We included patients with the following criteria in this study:

(1) Age 18 years or older;
(2) Patients who underwent US examination of the C7 nerve root and LTN;
(3) Patients in whom the evaluation of the LTN was performed, among those who

underwent US-guided C7 SNRB.

Those who met the following criteria were excluded:

(1) Patients who underwent surgery on the 7th cervical spine;
(2) Patients with systemic diseases that could cause peripheral nerve abnormalities,

including diabetes or chronic kidney disease;
(3) Patients confirmed with LTN abnormalities due to trauma or other causes.

2.1. Ultrasound Image

US examination was performed using a 12-MHz linear transducer of a US machine
(Philips Ultrasound Inc., Bothell, WA, USA). We examined patients with the head turned
to the opposite side in the supine position. A single examiner with more than 10 years
of experience in peripheral nerve ultrasound performed all examinations. The cervical
nerve root level was confirmed by the characteristic shape of the transverse process of the
vertebrae. We identified the C5 transverse process by the “two-humped camel” sign formed
by the anterior and posterior tubercles. The C6 showed a prominent anterior tubercle,
and C7 had a rudimentary anterior tubercle and prominent posterior tubercle. Tracing
the nerve roots from the C5 to C7 level, we identified the branches from the C5 and C6
nerve roots merging into the LTN around the MSM. The LTN, C7 nerve root, and posterior
tubercle of the C7 transverse process were captured on a single image. We measured the
maximal cross-sectional diameter (MCSD) of the LTN rather than the cross-sectional area
(CSA) because a high measurement error is expected for the CSA of very small nerves such
as the LTN. We also measured the maximal diameter, minimal diameter, and CSA of the C7
nerve root and analyzed the positional relationship between each structure captured on the
US image. The diameters and CSA were measured three times to minimize measurement
errors, and the average values were recorded.

2.2. Simulated Risk Analysis of Long Thoracic Nerve Injury

During the US-guided C7 SNRB, the trajectory of the needle is oblique from the
posterolateral side of the neck to the posteroinferior side of the C7 nerve root. The needle
should pierce the MSM and pass over the posterior tubercle of the C7 transverse process
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(Figure 1). We drew two imaginary lines simulating the trajectory of the needle on the
ultrasound image to assess the risk of needle injury to the LTN within the MSM during
US-guided C7 SNRB (Figure 2B). The two lines were drawn as follows:

(1) A straight oblique line starting from the skin, passing through the tip of the posterior
tubercle, and reaching the posteroinferior rim of the C7 nerve root.

(2) A line parallel to line (1), starting from the skin and connecting to the superior margin
of the C7 nerve root.

The hypothetical risk zone of needle injury was assumed to be the area between the
imaginary lines. The LTN location related to the risk of injury area was investigated. We
also measured the vertical and horizontal distances of the LTN from the C7 nerve root
(Figure 2C).
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Figure 1. The needle’s trajectory and anatomical relationship of the long thoracic nerve (LTN) and dorsal scapular nerve
(DSN) during the ultrasound-guided C7 selective nerve root block (SNRB). (A) A T2-weighted magnetic resonance image
around the C7 nerve root. The needle’s trajectory (dotted arrow) during the C7 SNRB pierces the middle scalene muscle
(MSM). The LTN is near the trajectory within the MSM. The dorsal scapular nerve (DSN) around the posterior scalene
muscle (PSM) is away from the trajectory. (B) The ultrasound image of the C7 SNRB. The needle’s trajectory (arrow) goes
over the posterior tubercle (PT) of the C7 transverse process and reaches the C7 nerve root (NR). The LTN is located near
the trajectory, and the DSN is behind the PT away from the trajectory.
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Figure 2. The analysis and measurement of the ultrasound image. (A) The ultrasound image captures
the C7 transverse process’s posterior tubercle (PT), C7 nerve root, and long thoracic nerve (LTN).
(B) The simulated analysis of the injury risk of the LTN. Two imaginary lines are drawn, and the area
between the lines is the risk zone of injury. (C) The distance measurement of the LTN from the C7
nerve root.
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2.3. Statistical Analysis

The sample size was calculated based on the results of a previous study about ultra-
sound identification of the LTN during interscalene block [10]. G*Power 3.1.9 software was
used to calculate the sample size of the binomial test, one sample case. When the effect size
was 0.23, α was 0.05, and (1 − β) was 0.8, and the required total sample size was 30.

We used SPSS version 22 to calculate all statistical values. The obtained data were
tested for normality using the Shapiro–Wilk test (Supplementary File). According to
the normality test, all the data were normally distributed except the age of the patients.
The mean values and standard deviations were calculated for the data in the normal
distribution, and the median value and interquartile range were obtained for the age. We
used the Mann–Whitney test to compare the horizontal and vertical distances of the LTN
from the C7 nerve root between the groups of the LTN inside and outside the risk area.
Although the values were normally distributed, the nonparametric test was used because
the sample size of the group with the LTN outside the risk zone was extremely small. We
used the chi-square test to analyze the LTN location related to the MSM and the simulated
risk zone.

3. Results

Twenty patients were enrolled in this study. A total of 30 cases were assessed because
10 patients underwent US examination on both sides. The demographic characteristics are
presented in Table 1.

Table 1. Demographic characteristics of the subjects.

Numbers of patients 20
Numbers of cases 30

Age (years) 35.5 (30–59.75)
Sex (male:female) 14:6

Height (cm) 170.00 ± 8.10
Weight (kg) 65.45 ± 10.92

Side (right:left) 17:13
The values for height and weight are presented as mean ± standard deviation. The age is presented as median
(interquartile range).

We distinctly detected the LTN in all cases. The LTN’s location at the C7 transverse
process level was inside the MSM in 19 cases (63.3%) and outside in 11 cases (36.7%). In
analyzing the injury risk in US-guided C7 SNRB, we found that 86.7% of cases had an LTN
inside the risk area simulating the needle’s path. Table 2 lists the measurement data for
each case. The mean MCSD of LTN was 2.10 mm (SD 0.13). The mean maximal diameter,
minimal diameter, and CSA of the C7 nerve root were 4.00 mm (SD 0.39), 3.39 mm (SD 0.25),
and 10.78 mm2 (SD 1.05), respectively. The mean distance of the LTN’s location from the
C7 nerve root horizontally was 4.87 mm (SD 2.23) and vertically was 8.18 mm (SD 1.54).
In Figure 3, we represent the LTN locations of each case from the C7 nerve root of the
starting point using the horizontal and vertical distance data as coordinates. Furthermore,
we indicate the LTN’s mean location and the location range calculated using the standard
deviation. The needle’s trajectory area, which has a high probability of encountering the
LTN on average when approaching the C7 nerve root, was painted.

Table 3 shows the results of the statistical analyses. In cases where the LTN was
outside the risk zone, the horizontal distance between the LTN and C7 nerve root was
not significantly different (p > 0.05). There was a slight difference in the vertical distance
between the cases with the LTN inside and outside the risk zone, but the statistical signifi-
cance was insufficient (p = 0.063). There was no significant correlation between the LTN
location and injury risk.
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Table 2. Measurement data of the long thoracic nerve (LTN) and C7 nerve root.

Case No.
LTN C7 Nerve Root

Horizontal
Distance (mm)

Vertical
Distance (mm)MCSD (mm) Maximal

Diameter (mm)
Minimal

Diameter (mm) CSA (mm2)

1 2.04 3.70 3.18 9.52 6.7 10.1
2 2.18 3.83 3.34 10.2 6.6 9.6
3 2.23 4.65 3.09 11.53 5.8 7.8
4 1.93 4.13 3.15 10.46 8.2 6.2
5 1.93 3.65 3.36 9.76 3.7 8.5
6 1.87 3.64 3.03 8.72 3.7 6.5
7 2.23 4.81 3.08 11.84 7.2 6.9
8 2.23 3.86 3.70 11.29 4.7 6.6
9 2.14 3.75 3.67 10.99 4.4 7.2
10 2.09 3.71 3.38 9.97 7.4 8
11 2.09 3.99 3.32 10.62 11.8 8.06
12 1.98 3.58 3.53 10.09 7.5 6.28
13 2.23 4.03 3.89 12.36 3.38 8.34
14 1.98 3.60 3.59 10.23 5.25 10
15 2.23 3.74 3.50 10.44 5.15 8.35
16 2.31 3.88 3.72 11.63 5.72 7.87
17 1.98 3.96 3.15 9.99 4.06 9.38
18 1.98 3.76 3.50 10.46 2.44 11.5
19 2.14 3.97 3.66 11.51 2.29 7.58
20 2.09 3.49 3.35 9.44 4.32 7.4
21 2.04 3.85 3.28 10.13 5.46 10.9
22 2.23 3.84 3.79 11.7 3.45 8.04
23 2.23 4.28 3.27 11.24 4.04 6.77
24 2.31 4.26 3.81 12.87 5.54 8.07
25 2.04 3.68 3.24 9.38 4.31 8.81
26 1.98 4.65 3.10 11.56 1.59 5.63
27 2.31 5.14 3.20 13.08 1.6 6.6
28 2.04 4.33 3.41 11.77 1.25 8.54
29 2.04 4.12 3.10 10.2 3.97 8.38
30 1.93 3.98 3.29 10.49 4.7 11.5

MCSD, maximal cross-sectional diameter; CSA, cross-sectional area.

Table 3. The statistical analysis of the association between the long thoracic nerve’s locational relation to the C7 nerve root and middle
scalene muscle and injury risk.

LTN’s Location
p-ValueInside the Risk Zone (n = 26) Outside the Risk Zone (n = 4)

Horizontal distance (mm) 4.55 (3.70–5.74) 4.52 (1.55–10.50) 0.903
Vertical distance (mm) 7.94 (6.73–8.58) 9.07 (8.18–11.03) 0.063

LTN inside the MSM (%) 65.4 50 0.552

LTN, long thoracic nerve; MSM, middle scalene muscle. The values for the distances are presented as median (interquartile range). The
p-value was calculated using the Mann–Whitney test for the horizontal and vertical distance analysis and the chi-square test for the LTN’s
location for the MSM.
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4. Discussion

In this study, we aimed to investigate the possibility of LTN injury during US-guided
C7 SNRB. The result stating that the LTNs were within the risk zone in 86.7% of cases,
which suggests a high risk of nerve injury during the procedure. In addition, this study’s
findings imply that US guidance could help avoid the risk because LTNs were easily
detectable using US in all cases. This is the first study to identify the risk of LTN damage
during US-guided cervical SNRB.

Several researchers have investigated the US anatomy of the LTN at the cervical spine
level. Chang et al. described the sono anatomy and techniques for observing the LTN [15].
They reported that the proximal portion of LTNs might be challenging to visualize because
of their small diameter and complicated branching pattern. In addition, investigators could
misrecognize the DSN arising from the C5 nerve root [15]. In this study, we cautiously
detected the LTN and distinguished it from the DSN by tracing the branches between the
C5 and C7 nerve roots. The DSN traveled posterior to the LTN at the C7 transverse process
level and was found behind the posterior tubercle away from the trajectory of the C7 SNRB
(Figure 1). Thus, we did not include the DSN for measuring and analyzing the US images
in this study.
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Lieba-Samal et al. reported that LTNs were clearly observed within the MSM in all
cases. In their study, the LTN mean MCSD was 1.6 mm (SD 0.3) [11]. The MCSD also
has been reported in the other anatomical studies at 2.27 mm (SD 0.39) in Wang et al.’s
study [17] and 3 mm (SD 2.5) in Tubbs et al.’s study [18]. In our study, the LTNs were
detectable in all cases as well, and the result of the MCSD (2.10 mm, SD 0.13) was not
significantly different from the previous reports. However, since we included only the
superior trunk of the LTN that originated from the C5–6 nerve roots in the measurement
of the MCSD, there might be some discrepancies. In addition, the studies of Wang et al.
and Tubbs et al. were cadaver dissection studies; therefore, the results of ultrasonographic
measurements in this study cannot be directly compared. Nevertheless, it was reported that
the diameter of the superior trunk of the LTN was approximately 2 mm (range 1.5–2.8 mm)
in Tubbs et al.’s study [18], which is similar to our results.

Multiple studies have suggested that the superior portion (from C5–6 roots) and the
inferior portion (from C7 root) of the LTN join to form the main branch [16–19]. However,
diverse variations in the cervical nerve roots contribute to LTN. In several studies, LTN was
reported to occasionally originate from the C4 or C8 nerve root [17,19,20]. In an ultrasound
observational study by Lieba-Samal et al., the C7 nerve root contribution was found in only
28% of volunteers [11]. Yazar et al. suggested four types of LTN after dissection of 21 cases
of 12 embalmed cadavers [19]. In that study, one type (type 3, 14.3% of cases) showed that
the C7 nerve root did not contribute to the LTN, and there were two types (type 2, 33.3%;
and type 4, 4.8%) in which the C5 nerve root did not give a branch. However, in all types of
LTNs, the C6 nerve root contributed to the nerve. In the present study, the C5 and C6 nerve
roots distinctly appeared to form the superior portion of the LTN in all cases; however, it
required cautious tracing to detect the branch from the C5 root because it was difficult to
differentiate it from the DSN. This study aimed to investigate the ultrasonographic features
and anatomical relationships of the LTN in US-guided C7 SNRB; therefore, we did not
consider a branch from the C7 nerve root for investigation.

In anatomical studies, the positional relationship between the LTN and MSM has been
investigated. Yazar et al. found that C5–6 components of the LTN were between the middle
and posterior scalene muscles in 47.6% of 21 cases, pierced the MSM in 33.3% of cases,
and coursed over the MSM in 19% of cases [19]. In the study by Tubbs et al., the superior
component from C5–6 nerve roots of the LTN was between the MSM and posterior scalene
muscle in 56% of cases and traveled through the MSM in 11% of cases [18]. In contrast, in
ultrasonographic observational studies, LTNs have been found within the MSM [10–12]. In
the present study, we found the LTN within the MSM in most cases (63.3%). In 11 cases
(36.7%), however, the LTN was located outside the MSM without piercing (Figure 4).
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Figure 4. A case that the long thoracic nerve (LTN)’s location is outside of the middle scalene muscle (MSM). (A) A pure
ultrasound image without indications of structures. (B) The posterior tubercle (PT), MSM, LTN, and C5–7 nerve roots are
indicated on the ultrasound image.
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There have been two studies on the risk of encountering the DSN and LTN during
the US-guided interscalene brachial plexus block (ISBPB) [10,12]. In both studies, the DSN
was more likely to be encountered than the LTN. Hanson and Auyong reported that they
identified DSN and LTN in 77% and 23% of 50 cases, respectively [10]. In Kim et al.’s study,
the DSN, LTN, both nerves, and neither nerves were encountered in 44 (62.8%), 15 (21.4%),
10 (14.3%), and 21 (30.4%) cases, respectively [12]. In the US-guided ISBPB, the probe
moved more distally than the C7 SNRB. Furthermore, the needle insertion point was more
posterior, and the trajectory was more horizontal in the US image. Therefore, DSNs located
posterior to the LTNs would have a high probability of encountering the path of the needle
when performing US-guided ISBPB. On the other hand, when performing a US-guided C7
SNRB, the needle trajectory is more vertical and the location of the DSN is away from the
needle’s path. Thus, we focused on the fact that LTN is more likely to be injured during
the procedure. In this study, LTN was found within the risk zone in 86.7% of the cases. In
cases outside the simulated risk zone, the LTN could be found anterior or posterior to the
risk zone. The injury risk from the needle approach during C7 SNRB could depend on
the locational relationship between the LTN and the posterior margin of the C7 nerve root.
Thus, we estimated the needle path area with a high risk of injury (Figure 3). However,
there was no significant relationship between location data and the risk of injury. The LTN
location related to the MSM was also not significantly associated with the risk of injury
(Table 3). Instead, the posterior tubercle’s shape seems to influence the risk analysis result
because it determines the simulated trajectory lines (Figure 5). In future studies, it would
be necessary to investigate the relationship between the shape of the posterior tubercle and
injury risk.
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Figure 5. Cases in which the long thoracic nerve (LTN)’s location is outside of the risk zone. (A) The LTN is anterior to the
risk zone. The C7 transverse process’s posterior tubercle (PT) shape is shallow, so the simulated needle’s trajectory line is
relatively horizontal. (B) The LTN is posterior to the risk zone. The needle’s trajectory line is relatively vertical due to the
prominent PT, and the LTN travels behind the PT.

US-guided cervical SNRB is a useful management tool for upper limb radiating
pain. It is well known that US-guided procedures have the advantage of being safer
than fluoroscopy-guided procedures. Many physicians consider the risk of intravascular
injection while performing US-guided cervical SNRB. Recent advances in ultrasound
technology have enabled the observation of small soft-tissue structures. Thus, we have
noticed that small nerves, such as the LTN, are at risk of injury during US-guided cervical
SNRB. This study evaluated the risk by simulating the needle trajectory when performing
C7 SNRB. There might be a limitation in that we did not confirm the LTN by inserting the
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needle and stimulating it. However, the result of 86.7% of cases having the risk suggests
that the LTN should be considered when determining the needle’s trajectory. If the LTN
is found within the needle path, physicians should modify the direction of the needle
(Figure 6). In addition, using an electrostimulation needle would be suggested to avoid
accidental LTN injury if it is difficult to locate the nerve during the procedure.
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The long thoracic nerve (LTN) is in the middle of the trajectory; thus, the needle’s direction (arrowheads) should be modified.
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This study had some limitations. First, this was a retrospective observational study.
There was no control over variables that could affect the ultrasound findings of peripheral
nerves, such as the age, sex, and body mass index of the subjects. Second, the number of
participants was small. To avoid bias and control confounding factors, a prospectively
designed study with a large number of subjects would be necessary for further investigation.
Third, a single researcher conducted the US investigation. Although an experienced
examiner performed the US using a verified method, the results of one examiner may be
inaccurate compared to the results obtained by consensus among multiple examiners. In
the future, it will be necessary to analyze the results that are consistent with several blinded
examiners after conducting a standardized method.

5. Conclusions

Our findings indicate the potential for LTN injury during US-guided C7 SNRB. More
importantly, the clear visualization of LTNs in US images of the procedure suggests that US
guidance may help avoid nerve damage and make the procedure safer. When performing
US-guided C7 SNRB, physicians should pay attention to the location of the LTN.
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1. Kesikburun, S.; Aras, B.; Kelle, B.; Yavuz, F.; Yaşar, E.; Taşkaynatan, M.A. The effectiveness of cervical transforaminal epidural

steroid injection for the treatment of neck pain due to cervical disc herniation: Long-term results. Pain Manag. 2018, 8, 321–326.
[CrossRef] [PubMed]

2. Shakir, A.; Ma, V.; Mehta, B. Comparison of pain score reduction using triamcinolone vs. dexamethasone in cervical transforaminal
epidural steroid injections. Am. J. Physic. Med. Rehabil. 2013, 92, 768–775. [CrossRef] [PubMed]

3. Malhotra, G.; Abbasi, A.; Rhee, M. Complications of transforaminal cervical epidural steroid injections. Spine 2009, 4, 731–739.
[CrossRef] [PubMed]

4. Jang, J.H.; Lee, W.Y.; Kim, J.W.; Cho, K.R.; Nam, S.H.; Park, Y. Ultrasound-Guided Selective Nerve Root Block versus Fluoroscopy-
Guided Interlaminar Epidural Block versus Fluoroscopy-Guided Transforaminal Epidural Block for the Treatment of Radicular
Pain in the Lower Cervical Spine: A Retrospective Comparative Study. Pain Res. Manag. 2020, 2020, 9103421. [CrossRef] [PubMed]

5. Jee, H.; Lee, J.H.; Kim, J.; Park, K.D.; Lee, W.Y.; Park, Y. Ultrasound-guided selective nerve root block versus fluoroscopy-guided
transforaminal block for the treatment of radicular pain in the lower cervical spine: A randomized, blinded, controlled study.
Skelet. Radiol. 2013, 42, 69–78. [CrossRef] [PubMed]

6. Murata, S.; Iwasaki, H.; Natsumi, Y.; Minagawa, H.; Yamada, H. Vascular Evaluation around the Cervical Nerve Roots during
Ultrasound-Guided Cervical Nerve Root Block. Spine Surg. Relat. Res. 2020, 4, 18–22. [CrossRef] [PubMed]

7. Narouze, S.N.; Vydyanathan, A.; Kapural, L.; Sessler, D.I.; Mekhail, N. Ultrasound-guided cervical selective nerve root block: A
fluoroscopy-controlled feasibility study. Reg. Anesth. Pain Med. 2009, 34, 343–348. [CrossRef] [PubMed]

8. Narouze, S.N. Ultrasound-guided cervical spine injections: Ultrasound “prevents” whereas contrast fluoroscopy “detects”
intravascular injections. Reg. Anesth. Pain Med. 2012, 37, 127–130. [CrossRef] [PubMed]

9. Perlas, A.; Chan, V.W.; Simons, M. Brachial plexus examination and localization using ultrasound and electrical stimulation: A
volunteer study. Anesthesiology 2003, 94, 29–35. [CrossRef] [PubMed]

10. Hanson, N.A.; Auyong, D.B. Systematic ultrasound identification of the dorsal scapular and long thoracic nerves during
interscalene block. Reg. Anesth. Pain Med. 2013, 38, 54–57. [CrossRef] [PubMed]

11. Lieba-Samal, D.; Morgenbesser, J.; Moritz, T.; Gruber, G.M.; Bernathova, M.; Michaud, J.; Bodner, G. Visualization of the Long
Thoracic Nerve using High-Resolution Sonography. Ultraschall. Med. 2015, 36, 264–269. [CrossRef] [PubMed]

12. Kim, Y.D.; Yu, J.Y.; Shim, J.; Heo, H.J.; Kim, H. Risk of Encountering Dorsal Scapular and Long Thoracic Nerves during
Ultrasound-guided Interscalene Brachial Plexus Block with Nerve Stimulator. Korean J. Pain 2016, 29, 179–184. [CrossRef]
[PubMed]

13. Coraci, D.; Romano, M.; Paolasso, I.; Santilli, V.; Padua, L. A case of traumatic long thoracic nerve suffering: High-frequency
ultrasound finding. Joint Bone Spine 2017, 84, 505–506. [CrossRef] [PubMed]

14. Griffith, J.F. Ultrasound of the Brachial Plexus. Semin. Musculoskelet. Radiol. 2018, 22, 323–333. [CrossRef] [PubMed]
15. Chang, K.V.; Wu, W.T.; Mezian, K.; Nanka, O.; Ozcakar, L. Sonoanatomy revisited: The long thoracic nerve. Med. Ultrason. 2019,

21, 349–352. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/medicina57060635/s1
https://www.mdpi.com/article/10.3390/medicina57060635/s1
http://doi.org/10.2217/pmt-2018-0002
http://www.ncbi.nlm.nih.gov/pubmed/30278822
http://doi.org/10.1097/PHM.0b013e318282c9f2
http://www.ncbi.nlm.nih.gov/pubmed/23370580
http://doi.org/10.1097/BRS.0b013e318194e247
http://www.ncbi.nlm.nih.gov/pubmed/19333107
http://doi.org/10.1155/2020/9103421
http://www.ncbi.nlm.nih.gov/pubmed/32617125
http://doi.org/10.1007/s00256-012-1434-1
http://www.ncbi.nlm.nih.gov/pubmed/22609989
http://doi.org/10.22603/ssrr.2019-0006
http://www.ncbi.nlm.nih.gov/pubmed/32039292
http://doi.org/10.1097/AAP.0b013e3181ac7e5c
http://www.ncbi.nlm.nih.gov/pubmed/19574867
http://doi.org/10.1097/AAP.0b013e31823f3c80
http://www.ncbi.nlm.nih.gov/pubmed/22354064
http://doi.org/10.1097/00000542-200308000-00025
http://www.ncbi.nlm.nih.gov/pubmed/12883416
http://doi.org/10.1097/AAP.0b013e31826f0a63
http://www.ncbi.nlm.nih.gov/pubmed/23080352
http://doi.org/10.1055/s-0034-1366084
http://www.ncbi.nlm.nih.gov/pubmed/24647766
http://doi.org/10.3344/kjp.2016.29.3.179
http://www.ncbi.nlm.nih.gov/pubmed/27413483
http://doi.org/10.1016/j.jbspin.2016.07.008
http://www.ncbi.nlm.nih.gov/pubmed/27671090
http://doi.org/10.1055/s-0038-1645862
http://www.ncbi.nlm.nih.gov/pubmed/29791960
http://doi.org/10.11152/mu-1952
http://www.ncbi.nlm.nih.gov/pubmed/31476216


Medicina 2021, 57, 635 12 of 12

16. Bertelli, J.A.; Ghizoni, M.F. Long thoracic nerve: Anatomy and functional assessment. J. Bone Joint Surg. Am. 2005, 87, 993–998.
[PubMed]

17. Wang, J.F.; Dang, R.S.; Wang, D.; Zhang, Z.Y.; Liu, Z.; Huang, H.L.; Wu, A.Q.; Zhang, C.S.; Chen, E.Y. Observation and
measurements of long thoracic nerve: A cadaver study and clinical consideration. Surg. Radiol. Anat. 2008, 30, 569–573. [CrossRef]
[PubMed]

18. Tubbs, R.S.; Salter, E.G.; Custis, J.W.; Wellons, J.C., 3rd; Blount, J.P.; Oakes, W.J. Surgical anatomy of the cervical and infraclavicular
parts of the long thoracic nerve. J. Neurosurg. 2006, 104, 792–795. [CrossRef] [PubMed]

19. Yazar, F.; Kilic, C.; Acar, H.I.; Candir, N.; Comert, A. The long thoracic nerve: Its origin, branches, and relationship to the middle
scalene muscle. Clin. Anat. 2009, 22, 476–480. [CrossRef] [PubMed]

20. Thomas Horwitz, M.; Tocantins, L.M. An anatomical study of the role of the long thoracic nerve and the related scapular bursae
in the pathogenesis of local paralysis of the serratus anterior muscle. Anat. Rec. 1938, 71, 375–385. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/15866961
http://doi.org/10.1007/s00276-008-0368-8
http://www.ncbi.nlm.nih.gov/pubmed/18523718
http://doi.org/10.3171/jns.2006.104.5.792
http://www.ncbi.nlm.nih.gov/pubmed/16703885
http://doi.org/10.1002/ca.20794
http://www.ncbi.nlm.nih.gov/pubmed/19306316
http://doi.org/10.1002/ar.1090710402

	Introduction 
	Materials and Methods 
	Ultrasound Image 
	Simulated Risk Analysis of Long Thoracic Nerve Injury 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

