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Background: Anterior suprascapular nerve block is widely used for postoperative shoulder
pain management. Although cadaveric studies show the spread and smudging of the phren-
ic nerve, our cadaveric injection investigation was conducted to investigate the pathway of
diffusion of the dye toward the phrenic nerve from a more distal injection at the suprascapu-
lar nerve.

Methods: We injected 5 ml of 0.1% methylene blue dye into the proximal portion of the su-
prascapular nerve (infra-omohyoid in the posterior triangle) in 12 neck specimens from six
cadavers. Following meticulous dissection, we assessed the spread of the dye along the
brachial plexus to the nerve roots and traced the phrenic nerve for staining.

Results: The phrenic nerve was stained in 41.7% of the cases, the inferior trunk of the bra-
chial plexus was unstained in all cases (100%), and the posterior division and suprascapu-
lar nerve were stained in all cases (100%). The nerves to the subclavius, dorsal aspect of
the superior trunk, and C5 and C6 roots were stained in all cases. Anterior division of the
superior trunk was observed in 75% of the specimens. The dye-spread pathway along the
brachial plexus was dorsal, sparing the ventral aspect.
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Conclusions: Our study demonstrated that the dye-spread pathway from the suprascapular
nerve at the infra-omohyoid level to the phrenic nerve is dorsal to the brachial plexus.
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INTRODUCTION

Significant effort has been devoted to mitigating pulmo-
nary dysfunction associated with regional anesthesia of the
brachial plexus [1-6]. An ultrasound study illustrated that
the phrenic nerve was indistinguishable at the fifth cervical
rami (C5) level. However, for every 1-cm caudal descent of
the phrenic nerve, there is a 3-mm separation from the bra-

chial plexus [7]. Therefore, it is prudent to implement distal
brachial plexus blocks to avoid hemidiaphragmatic paresis
(HDP). Previously, a superior trunk block was described as
non-inferior to an interscalene block in terms of block effi-
cacy. However, the HDP incidence was 76.3% (complete pal-
sy in 5.3%) compared to 97.5% (complete palsy in 72.5%)
with an interscalene block [8].

The suprascapular nerve provides the majority of the sen-
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sory supply to the shoulder joint, and its block can provide
effective analgesia for shoulder surgeries. Posterior supras-
capular nerve block in the suprascapular notch has been
proposed as an alternative that spares the phrenic nerve.
However, several randomized clinical trials have concluded
that it is inferior to the interscalene block for pain control, at
least in the first 4h after shoulder surgery, which can delay
discharge after outpatient shoulder surgery [5,9,11].

An anterior approach to a selective suprascapular nerve
block guided by ultrasound and performed beneath the
omohyoid muscle was described by Siegenthaler et al. [11].
The anterior approach targets the suprascapular nerve prox-
imally, lateral to the supraclavicular brachial plexus, and be-
low the omohyoid muscle, as it branches off the superior
trunk. When comparing interscalene, supraclavicular, and
anterior suprascapular nerve blocks, the latter can alleviate
phrenic nerve paresis without compromising sufficient an-
algesia [12]. However, upon closer examination of the afore-
mentioned study, it is evident that a continuous anterior su-
prascapular nerve block reduces diaphragmatic excursion
during a vital capacity inhalation by a mean (95% confi-
dence interval) of 2.1 cm (1.3-2.9 cm) as compared to base-
line [12]. According to a subsequent cadaveric percent of ul-
trasound-guided anterior suprascapular nerve blocks exhib-
it methylene blue dye diffusion to the phrenic nerve [13].
Furthermore, a recent clinical study demonstrated that an
anterior suprascapular nerve block was associated with a
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40% incidence of partial or complete HDP [14]. With a high
incidence of phrenic nerve involvement reported in both ca-
daveric and clinical studies for the anterior suprascapular
nerve block, the aim of the present study was to assess the
dissemination of the injected dye as it travelled from the in-
jection site (beneath the omohyoid and lateral to the supras-
capular nerve) and the prevalence of phrenic nerve stain.

MATERIALS AND METHODS

Six unembalmed (fresh) cadavers aged 67-78 years were
recruited for scientific research to examine the diffusion of
methylene blue dye injected at the level of the anterior su-
prascapular nerve block under ultrasound guidance (Fig. 1).
Anatomical dissection was performed by an anatomist (PM)
with > 15 years of experience, and injections were adminis-
tered by a single anesthesiologist (SD) with > 17 years of ul-
trasound experience. A team of regional anesthesiologists
with > 10 years of combined experience observed the re-
al-time ultrasound images and open dissections. The anes-
thesiologist who administered the injections (SD) was blind-
ed to the dissection results. Following the administration of
12 injections (in six cadavers), anatomical dissection was
performed by an anatomist who was unfamiliar with the in-
jection techniques. Dissection commenced 30 min post-
block for each cadaver. Detailed observations were made
with particular attention given to specific areas of interest.

O==

Omohyoid

needle tip

-

first rib

Fig. 1. Ultrasound-guided anterior suprascapular nerve block. (A) Needle tip approaching the suprascapular nerve, (B) following injection
of methylene blue dye around the suprascapular nerve. Yellow line represents the anterior and posterior divisions of superior trunk, blue
line shows the dye spread around the suprascapular nerve. SSN: suprascapular nerve, AD-ST: anterior division of superior trunk, PD-ST:

posterior division of superior trunk, SCA: subclavian artery.
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Technique

1. Ultrasound-guided anterior suprascapular nerve

block

A real-time ultrasound scan of the anterolateral neck (Fu-
ji-Sonosite EDGE 2, FUJIFILM Sonosite, Inc.) was conducted
on every cadaver. The superior trunk was visualized in the
short axis by placing a linear array transducer probe (6-13
MHz, Sonosite M-Turbo, Sonosite) in the transverse plane in
the supraclavicular fossa, which obtained a classic supracla-
vicular view with the subclavian artery medial and brachial
plexus posterolateral. Based on the standard supraclavicular
view of the brachial plexus, the suprascapular nerve is locat-
ed in the most lateral and posterior parts of the brachial
plexus. As the plexus was imaged laterally, the suprascapular
nerve separated from the brachial plexus and coursed under
the inferior belly of the omohyoid muscle. At this point, the
nerves can be visualized in a ‘SPA’ arrangement (formed by
suprascapular nerve, posterior division of the superior
trunk, and anterior division of the superior trunk) with su-
prascapular nerve being the lateral-most (Fig. 1). The su-
prascapular nerve diverged from the superior trunk and was
identified at this point. A 5-cm 22-gauge insulated needle (B.
Braun Medical Inc.) was inserted in a lateral-to-medial ori-
entation toward the suprascapular nerve in alignment with
the probe. With the needle tip immediately lateral to the su-
prascapular nerve at the level where it begins to branch off
from the superior trunk, 5 ml (0.05 %) of methylene blue dye
(non-viscous) was injected to accomplish circumferential
spread around the neurovascular bundle [11].

2. Open dissection

Stratified dissection was performed on the anterior neck
until the blue dye began to manifest at the level of the pre-
vertebral fascia. The supraclavicular nerve located superfi-
cial to the prevertebral fascia was confirmed to be unstained,
and the fascia was carefully dissected to access the trunks of
the brachial plexus beneath it. By delicately dissecting the
fascia, the cervical rami comprising the trunk were exposed.
With an incision extending from the mentum to the sternal
notch, the skin was reflected medially to laterally over the
posterior triangle, along with the platysma and deep cervical
fascia. Notably, the sternocleidomastoid and inferior belly of
the omohyoid were also identified. The floor of the posterior
triangle was identified as the anterior and medial scales. Be-
tween the scalene muscles, the 5th and 6th cervical rami
emerged. The two cervical ramids were traced caudally to
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form the superior trunk. The superior trunk is divided into
the lateral-most suprascapular, middle-posterior, and inner-
most anterior divisions. The suprascapular nerve was traced
from the point of diversion from the superior trunk to the
point at which it disappeared from the suprascapular notch.

Upon dissection, if the stained nerves were dark blue, they
were designated as heavy (+3); if they were stained light
blue, they were designated as moderate (+2); if they were
stained very light blue, they were designated as mild (+1);
and if there was no staining, they were designated as none

(0) (Fig. 2).

RESULTS

Together, C5 and C6 form the superior trunk. When the
superior trunk was traced caudally, it was divided into three
divisions: the innermost anterior division, middle posterior
division, and lateral-most suprascapular nerves (Figs. 3-5).
Superior visualization of the phrenic nerve was achieved in
relation to C5 (Figs. 4, 5). It was possible to locate the middle
trunk, which originated from the anterior division medial to
the anterior division of the superior trunk (Figs. 3, 4).

The middle trunk, anterior and posterior divisions of the
superior trunk, and suprascapular nerve were stained blue
beneath the prevertebral fascia (Figs. 2-4).

By dividing the epineurium of the superior trunk, the dye
can be exposed along the lateral edge of the superior trunk
and C5 rami. The posterior division of the superior trunk
was stained in all (100%) cases, whereas the anterior division
was stained in 75% (8/12) specimens. However, the ventral
region of the superior trunk, as well as the C6 and C5 rami,
exhibited no staining (Figs. 2-5). The nerve to the subclavius
was stained in seven specimens. Gentle dissection of the
dorsal aspect of the brachial plexus was performed by
desheathing the superior trunk and advancing the cephalad
toward the dorsal C6 and C5 rami, reflecting the pathway of
the dye in this specific manner (Figs. 3-5). In addition, after
staining the suprascapular nerve, the dye travelled dorsally
and laterally to the brachial plexus divisions C6 and C5.
Turning around C5, the dye appeared on the ventral aspect,
soaking the phrenic nerve. The phrenic nerve was stained
for a short distance in the proximal region in five of the 12
specimens (41.7%) (Figs. 2, 4). The pattern of staining for
neural components of the brachial plexus would have no
color for no staining (0), light (+1), moderate (+2), and heavy
(+3) blue stains, as illustrated in the box in Fig. 2 as well as in
Figs. 3-5.
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Fig. 2. Stain pattern of nerve elements after injection of methylene blue dye at the isolated suprascapular nerve block. L: left, R: right, Y:
Yes, N: No, CAD: cadaver, SSN: suprascapular nerve, PD-ST: posterior division of superior trunk, AD-ST: anterior division of superior trunk,
MT: middle trunk, IT: inferior trunk, VIST: ventral to superior trunk, DtST: dorsal to superior trunk, NtSUB: nerve to subclavius, C5: 5th

cervical rami, C6: 6th cervical rami, PN: phrenic nerve.
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Fig. 3. Anatomic dissection showing the three divisions of
the superior trunk and the stain pattern of the suprascapular,
posterior, and anterior divisions of the superior trunk. PD-ST:
posterior division of superior trunk, AD-ST: anterior division of
superior trunk, ASM: anterior scalene muscle, MSM: middle
scalene muscle, +3: +2, and +1 represent staining intensities.

Briefly, the suprascapular nerve was heavily stained (+3)
at the point of injection, as it branched away from the supe-
rior trunk. Proximal and distal to the injection point on the
suprascapular nerve, it was moderately stained (+2). As the
dye travelled through the cephalad, the superior trunk was
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Fig. 4. Staining pattern of the anterior and posterior divisions of
the superior trunk illustrating the stained anterior and posterior
divisions of the superior trunk as well as the connective tissue
and sheath dorsal to brachial plexus. PD-ST: posterior division of
superior trunk, AD-ST: anterior division of superior trunk, +3: +2,
and +1 represent the staining intensities.

highlighted with a light (+2) to very light (+1) stain. The divi-
sions of the superior trunk were stained +2 to +1, and the
phrenic nerve was stained from +2 to +1 (Fig. 2).
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DISCUSSION

By administering a single dye injection of 5 ml in the re-
gion of the anterior suprascapular nerve block in the in-
fra-omohyoid plane, our cadaver injection study demon-
strated that in five of the 12 specimens (41.7%), the propaga-

' sheath of
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" plexus +2
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Fig. 5. Dye pathway reflected on dissection on the posterior or
dorsal aspect by de-sheathing the superior trunk and advancing
cephalad toward the dorsal/posterior of C6 and C5 rami. The
phrenic nerve is stained in the proximal region. ST: superior
trunk, MT: middle trunk, LPN: lateral pectoral nerve, MCN:
musculocutaneous nerve, Lt rt median: lateral root of median
nerve, +3: +2, and +1 represent the staining intensities.
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tion trajectory entailed traversing the dorsal aspect of the
superior trunk, the C6 and C5 rami, and ultimately reaching
the ventral aspect, staining the phrenic nerve. In addition,
staining of the posterior and anterior divisions of the superi-
or and middle trunks were significant. Thus, an isolated an-
terior suprascapular nerve block should be performed via
the superior trunk. Based on our cadaveric injection study,
we concluded that the diaphragm-sparing effect cannot be
guaranteed with anterior suprascapular nerve injections.
Multiple layers of the mesoneurium envelope the supras-
capular nerve along its length, proximally encompassing
the superior trunk and the C5 rami. Its topographical origin
differs from its fascicular origin. Its topographical origin is
the separation of the suprascapular nerve from the superior
trunk, which is visible through an intact mesoneurium (Fig.
6). However, only after the epineurium was removed was
the fascicular arrangement at the C5 level visible, indicating
a fascicular origin. In addition, this anatomical configura-
tion accounts for dye dispersion from caudal to cranial [15].
Notably, 80% of the time when the fifth cervical rami was
divided into four quadrants, the suprascapular nerve was
located near the phrenic nerve in the ventral quadrants [16].
This topography may account for the staining of the phrenic
nerves (41.7%) in our study. Based on an anatomical trea-
tise, there is a 3% possibility of ‘phrenicosuprascapular con-
nections, which could lead to dye tracking to the phrenic
nerve [17]. Our study plausibly establishes the ‘phrenicosu-

Mesoneurium Epineurium

Fig. 6. Topographic origin and fascicular arrangement of the suprascapular nerve within the superior trunk. PD-ST: posterior division of
superior trunk, AD-ST: anterior division of superior trunk, SSN: suprascapular nerve.
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prascapular connections!

Several clinical investigations have focused on distal nerve
blocks to prevent HDP during shoulder surgery [18]. Shoul-
der innervation is complex, with 30% of its supply originat-
ing from the brachial plexus neural tissue [19]. The articular
branches of the suprascapular and axillary nerves penetrate
the glenohumeral joint capsule. The articular branches of
the lateral pectoral nerve innervate the anterior shoulder
[20]. A meta-analysis identified interscalene block as the
sole analgesic technique with clinical significance, indicat-
ing that it provides more effective pain management for pa-
tients during their recovery room stay [18]. In contrast, the
suprascapular block is characterized by fewer adverse ef-
fects. Based on the findings of this meta-analysis, the supras-
capular block may be a feasible and reliable alternative to
the interscalene block for shoulder surgery. A subsequent
randomized controlled trial determined that the anterior su-
prascapular block provided analgesic effects comparable to
those of the interscalene block during major arthroscopic
shoulder surgery [21]. Effective preservation of the pulmo-
nary function was achieved when the anterior suprascapular
nerve was blocked at the subomohyoid level. However, sub-
sequent cadaveric and clinical studies have yielded contra-
dictory results, with 20% staining of the phrenic nerve in a
cadaveric study [11], and 40% involvement of the phrenic
nerve in a clinical investigation [14]. In contrast, a recent ca-
daver study identified 4.2 ml as a phrenic-sparing injection
technique volume [22], and a clinical study identified 6 ml
[23]. Our cadaveric study showed similar results (41.7%) to
those of a clinical study [14].

A 5-ml injection of methylene blue dye was administered
to gain a better understanding of the pathway of the dye
from its most distant point, where the suprascapular nerve
exits the superior trunk, in the anterior supraclavicular fossa
beneath the inferior belly of the omohyoid, to its most proxi-
mal location on the C5 nerve root. Dissection revealed that
the dye travelled from its point of injection at the anterior
suprascapular nerve block and along the dorsal area of the
brachial plexus up to C5, and then curled over C5 from dor-
sal to ventral to stain the proximal portion of the phrenic
nerve (5/12 = 41.7%) of its ventral aspect. The posterior
sheath of the brachial plexus is supple and comprises of flex-
ible connective tissue that provides minimal resistance to
the injected dye. This facilitates swift and effortless dissemi-
nation of the dye from the caudal to the cephalad direction
through the dorsal pathway.

Furthermore, it has been hypothesized that local anes-
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thetic blockade of the superior trunk is the mechanism by
which the anterior suprascapular block exerts its effect [24].
An anterior suprascapular nerve block results in a partial
brachial plexus block [14]. Our real-time dissection at the
level of the isolated anterior suprascapular nerve block after
methylene blue injection demonstrated dye staining of the
posterior (100%) and anterior (75%) divisions and nerves to
the subclavius (58.3%) and middle trunk (58.3%). This find-
ing indicates the possibility of developing a supraclavicular
brachial plexus block (partial) by injecting 5 ml at the isolat-
ed anterior suprascapular nerve block area. This is anatomi-
cally plausible because the distance between the plexus and
the suprascapular nerve in the supraclavicular fossa was 8
mm in cadavers and 9 mm in volunteers [11]. Based on our
cadaveric injection study, we attempted to establish a dorsal
pathway from the caudal level of the isolated anterior su-
prascapular nerve block to the proximal level of the fifth cer-
vical ramus. In addition, there was a high likelihood of
phrenic nerve staining and brachial plexus involvement in
the supraclavicular region without inferior trunk involve-
ment.

However, the interscalene block is the recommended re-
gional anesthesia technique for shoulder surgery with 100%
phrenic paresis, especially at higher volumes. With regards
to phrenic sparing capacity, the anterior suprascapular
nerve block has been shown to be a promising alternative
analgesic block for shoulder surgery. However, our cadaver
injection study demonstrated otherwise, with phrenic stain-
ing detected in 41.7% of specimens, even at a volume of 5
ml. Therefore, we strongly recommend further dose-finding,
anatomical, and clinical studies to determine the efficacy of
an isolated anterior suprascapular nerve block and its
phrenic-sparing ability.

Limitations of the current study include its small sample
size, which may not be representative of the entire popula-
tion. Dye spread in cadaveric studies may not precisely rep-
licate the spread of local anesthetic patterns among patients.
Facial resistance to methylene blue and the effectiveness of
local anesthetic diffusion may vary between cadavers and
healthy patients. Different results may be observed when the
suprascapular nerve separates from the superior trunk and
subsequently from the injection points (such as at the point
of separation, complete separation beneath the omohyoid,
and more distal as it courses laterally and posteriorly to the
suprascapular notch). However, in our study, we performed
all injections at the point of nerve diversion from the superi-

or trunk to maintain homogeneity. Furthermore, pres-
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sure-monitoring equipment was not employed to gauge the
injection pressures owing to unavailability. However, the
minimal effective dosage in the current investigation was
nearly identical to the values reported for cadavers and liv-
ing patients in clinical studies. Notably, we used fresh cadav-
ers that had minimal tissue distortion and were similar to
those of actual patients.

In conclusion, the results of this cadaveric study revealed
a high incidence of phrenic nerve staining with a 5-ml dye
injection at the level of the suprascapular nerve beneath the
omohyoid muscle. The brachial plexus was partially soaked
and the inferior trunk was excluded. The pathways of dye
spread were deduced to be dorsal and craniocaudal from
the point of injection.
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