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Abstract

Purpose The extent of local anesthetic spread and mechanism of action of serratus posterior superior muscle (SPSM) block
is still debatable. This cadaveric study aimed to evaluate the anatomical spread of 30 or 20 mL of dye following a simulated
SPSM block in Thiel soft-embalmed cadavers.

Methods Simulated SPSM block injections were administered bilaterally in four cadavers (left side: 30 mL, right side:
20 mL). Anatomical dissection was performed to evaluate the extent of spread of the injected dye over the ribcage, and to
document staining of the musculature of the back following a simulated SPSM block.

Results The extents of spread (mean + SD) of 30 mL and 20 mL of dye over the ribcage were 8.5+3.9 cm and 5.5+ 1.6 cm,
respectively. Dye spread to the peri-scapular fascia was observed in all four of the simulated SPSM blocks with 30 mL of
dye, but not with 20 mL. Dye spread into the rhomboid major muscle was observed in two of the simulated SPSM blocks
with 30 mL of dye.

Conclusion Our findings suggest that the SPSM block using 30 mL of dye has a tendency to spread wider compared to the
SPSM block using 20 mL of injectate, and that the block might serve as an interfascial block rather than a segmental nerve
block. Further studies in a large sample of human participants are required to confirm the optimal volume of local anesthetic
in the SPSM block.

Keywords Serratus posterior superior muscle block - Myofascial pain syndrome - Thiel soft-embalmed cadavers -
Interfascial block - Regional anesthesia

Introduction reported in the general orthopedic population [2]. Patients

with MPS usually present sensory, motor and autonomic

Myofascial pain syndrome (MPS), which originates from
the muscles and surrounding fascia, presents with musculo-
skeletal pain, and is most often described as a chronic pain
condition [1, 2]. A prevalence rate of MPS of 21% has been
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complaints in various parts of the body, most commonly in
the neck, shoulder and back [2]. The goal of treatment for
MPS is to minimize pain, restore the patient’s functional
status, and improve their quality of life. Clinical guidelines
for the management of MPS recommend pharmacological
treatments, physical therapy, and interventional procedures
[3]. The interventional procedures performed include dry
needling, acupuncture, transcutaneous electrical nerve
stimulation, or trigger point injections [2]. However, some
patients do not respond adequately to these treatments, with
progressive worsening of their symptoms to a chronic pain
status. Recently, interfascial blocks, with injection of local
anesthetics or physiological saline between the affected
muscles, have been reported to reduce the intensity of pain
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in patients with MPS [4-6]. Taketa et al. reported that the
serratus posterior superior muscle (SPSM) block, in which
15 mL of 0.25% ropivacaine is applied to the surface of the
SPSM, alleviated lower cervical and shoulder pain in 15
patients with MPS [7]. They also suggested that the SPSM
block is a kind of fascial block similar to the serratus ante-
rior muscle block, and the SPSM block is advantageous
in terms of requiring only a single injection on each side,
compared to conventional multiple trigger point injections.
However, there is still no consensus on the extent of local
analgesic spread and the mechanism of action of the SPSM
block. Considering that the SPSM block is a kind of fascial
block, we hypothesized that performing the SPSM block
using a higher volume of local anesthetics than 15 mL would
effectively reduce the intensity of pain in patients with MPS.
Therefore, we performed this cadaveric study with the aim
to evaluate the anatomical spread of two different volumes
of colored dye, 20 and 30 mL, injected to simulate an SPSM
block in Thiel soft-embalmed cadavers.

Methods
Anatomical study

This study was approved by the Ethics Committee of
Sapporo Medical University, Japan (No. 5-1-14). Four
Thiel-embalmed adult human cadavers (three females and
one male) that were donated to the body donation program
(Shiragiku-kai) run by Sapporo Medical University for
medical scientific research were studied. None of the
cadavers had previously undergone spinal, back or shoulder
surgery during their lifetime.

Ultrasound-guided SPSM block procedure

The simulated SPSM block injections were administered
bilaterally in four cadavers by a single experienced anesthe-
siologist (AS) familiar with the SPSM block. The cadavers
were placed in the prone position. A SonoSite S II ultra-
sound machine (Fujifilm Sonosite, Tokyo, Japan) with a
high-frequency linear probe (6—13 MHz) was used for ultra-
sound imaging. After placing the linear probe in the sagit-
tal direction at the scapular spine level, we identified the
second rib, the SPSM, rhomboid major muscle (RMM), and
the trapezius muscle (TM) (Fig. 1a). Next, an 80 mm 22 G
non-insulated echogenic needle (Ultraplex 360%, B. Braun,
Melsungen, Germany) was inserted in the cranial direction
using the in-plane technique, so that the needle contacted
the surface of the SPSM at the second rib level (Fig. 1b).
After the needle tip was confirmed by ultrasound as being in
the appropriate space (Fig. 1c), we injected a saline-soluble
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dye (left side: 30 mL of blue dye, right side: 20 mL of green
dye) into the space between the SPSM and RMM (Fig. 1d).

Anatomic dissection and evaluation of dye spread

In all cadavers, the same dissection procedure for
documentation of dye distribution was commenced
approximately 30 min following the simulated SPSM
block, and was performed on both sides by two investigators
working together (AS and TK), both of whom were familiar
with the anatomy of the back and shoulder. With the cadaver
in the prone position, a sagittal skin incision was made from
the spinous process of C7 to that of T12. Next, the cranial
edge of the sagittal skin incision was extended laterally to
the acromion process, and the caudal edge of the sagittal
skin incision was extended laterally over the costal margins.
A flap consisting of the skin and subcutaneous adipose tissue
was raised and reflected laterally. The trapezius muscle
was exposed and a trapezius muscle flap was subsequently
elevated to expose the underlying RMM and rhomboid
minor muscle (RmM). The RMM and RmM flaps were then
dissected from the spinous process to separate the scapula
from the ribcage. The spread of dye on the surface of the
ribcage was assessed as the distance from the midline to
the lateral edge of dye spread along the ribs between T1
and T10. The spread of dye to the peri-scapular fascia was
assessed by the presence of injected dye on the anterior
aspect of the scapula. The erector spinae muscle (ESM) and
each intercostal muscle (ICM) between T1 and T10 were
subsequently dissected to assess the presence of injected dye
within the muscles. Dye staining of the TM, RMM, RmM,
SPSM, ESM, each ICM between T1 and T10, and the dorsal
scapular nerve, which runs in the peri-scapular space, was
graded as stained or not stained. The primary outcome of this
anatomical study was evaluation of the extent of injectate
spread, as measured by the distance from the midline to the
lateral edge of the dye following the simulated SPSM block.
The secondary outcome was determination of the spread of
dye to the peri-scapular fascia, and dye staining of the TM,
RMM, RmM, SPSM, ESM, each ICM between T1 and T10,
and the dorsal scapular nerve following the simulated SPSM
block in cadavers.

Results

We used four Thiel soft-embalmed cadavers (three females
and one male) aged between 87 and 91 years at the time of
death. Simulated SPSM blocks were successfully performed
on both sides in all four cadavers (n=4, left side: 30 mL of
blue dye, right side: 20 mL of green dye). The typical ana-
tomic spread of dye bilaterally in cadaver #3 is illustrated
in Fig. 2 (Fig. 2a: left side, Fig. 2b: right side). In terms of
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Fig. 1 Simulated serratus posterior superior muscle (SPSM) block. a
Ultrasound image of relevant anatomical structures in the simulated
SPSM block in the cadaver. b The ultrasound transducer was posi-
tioned in the sagittal direction at the scapular spine level for perfor-
mance of the simulated SPSM block using an in-plane technique. ¢
Ultrasound image during the simulated SPSM block in the cadaver.
The target position of the needle tip was the surface of the SPSM at
the second rib level, following test injection of the dye to identify

Fig.2 Cadaveric dissection
showing the spread of dye

in the muscles overlying the
ribcage following dissection of
the rhomboid major and minor
muscles to separate the scapula
from the ribcage. a Image of the
left side of cadaver #3 showing
the spread of 30 mL of the blue
dye. b Image of the right side of
cadaver #3 showing the spread
of 20 mL of the green dye. The
curved white arrows represent
the distances from the midline
to the lateral edge of the area

of spread. The curved white
lines represent the scapulae.
The white arrowhead points to
the injected dye on the anterior
aspect of the scapula

*=">~ Anterior

Cranial 4—1

the needle tip. The white arrowheads point to the 22 G non-insulated
echogenic needle. d Ultrasound image following the simulated SPSM
block with administration of dye in the cadaver. The white arrow-
heads point to the 22 G non-insulated echogenic needle. The dotted
green lines show the boundaries of the administered dye. RMM rhom-
boid major muscle; SPSM serratus posterior superior muscle; 7M tra-
pezius muscle

Cranial

T—» Lateral
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the extent of injectate spread, the extent of spread over the
ribcage (mean + SD) of 30 mL of injectate was 8.5+3.9 cm
and that of 20 mL of the dye was 5.5+ 1.6 cm (Fig. 3a). The
extent of injectate spread over the ribcage between T1 and
T10, to the peri-scapular fascia, and dye staining of the TM,
RMM, RmM, SPSM, ESM, ICM, and the dorsal scapular
nerve are summarized in Fig. 3b, and dye spread and stain-
ing characteristics are summarized in Table 1. With respect
to dye spread to the peri-scapular fascia, the injected dye
spread to the anterior aspect of the scapula in all four of the
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Fig.3 Extent of dye spread following SPSM block in the four cadav-
ers. a The distance from the midline to the lateral edge of the dye
area following injection. Data are expressed as the mean+SD (n=4
/ group). b Pictorial representation of the extent of injectate spread
between T1 and T10 and to the peri-scapular fascia, and dye staining
of the TM, RMM, RmM, SPSM, ESM, ICM, and the dorsal scapu-
lar nerve in each of the eight simulated SPSM blocks. Since spread
of the dye was clearly distinguishable by the naked eye, we graded
all results as stained or not stained. DSN dorsal scapular nerve; ESM
erector spinae muscle; /CM intercostal muscle; PS fascia peri-scapu-
lar fascia; RMM rhomboid major muscle; RmM rhomboid minor mus-
cle; SPSM serratus posterior superior muscle; 7M trapezius muscle
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simulated SPSM blocks with 30 mL of dye, but not with
20 mL of the dye (Figs. 2a, b, and 3b). With respect to dye
spread in the musculature of the back, the injected dye did
not penetrate into the SPSM itself, the ESM, and the ICM
between T1 and T8 in the eight simulated SPSM blocks
with both 30 mL and 20 mL of dye (Fig. 3b). However, the
injected dye spread into the RMM in two of the simulated
SPSM blocks with 30 mL of dye (Figs. 3b and 4). Staining
of the dorsal scapular nerve could not be assessed in all
eight simulated SPSM blocks with both 30 mL and 20 mL
of dye, because the dorsal scapular nerve was not detected
in the anatomical dissection due to its fragility in Thiel soft-
embalmed cadavers (Fig. 3b).

Discussion

This is the first study to investigate the extent of spread of
the injected dye and the mechanism of action of a simulated
SPSM block using Thiel soft-embalmed cadavers. In our
study, the SPSM block using 30 mL of dye had a tendency
to spread wider compared to the SPSM block using 20 mL
of the injectate. Furthermore, the injected dye spread to the
peri-scapular fascia in all four of the simulated SPSM blocks
with 30 mL of dye, but not with 20 mL of dye. The injected
dye also spread into the RMM in two of the simulated SPSM
blocks with 30 mL of dye. No dye was observed within the
ESM or ICM in all eight simulated blocks. The results of the
study suggest that the SPSM block likely provides pain relief
by acting as an interfascial block rather than a segmental
nerve block.

Although the pathophysiology of MPS is still unknown,
one of the possible mechanisms of action of the SPSM
block for MPS is related to pathophysiological changes in
the fascia in MPS [8]. A systematic review by Laimi et al.
suggested that tightened myofascial tissue with impaired
sliding fascial mobility causes chronic musculoskeletal
pain [8]. Ichikawa et al. reported that interfascial injection
of physiological saline effectively decreases pain in patients
with MPS by causing myofascial release, which restores the
sliding function and flexibility of the myofascial tissue [9].
Another possible mechanism of action of the SPSM block
for MPS is related to the histological fact that the interfascial
space contains nociceptive nerve branches that innervate the
fascia [10—12]. On the basis of these anatomical features,
Domingo et al. reported that interfascial block provides rapid
pain relief in patients with MPS by blocking the nociceptive
nerve branches, leading to muscle relaxation and suppression
of nociceptive free nerve fibers in the fascia [13]. These pre-
vious reports suggested that wide ranging myofascial release
with the administration of local anesthetic can effectively
provide rapid pain relief to patients with MPS. In our study,
presence of the injected dye was observed within the RMM
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Table 1 Dye spread and
staining after the simulated
serratus posterior superior
muscle block in the cadaver
study

Fig.4 The left side of cadaver
#3 showing spread of the
injected dye into the rhomboid
major muscle following the
simulated SPSM block with

30 mL of the blue dye. The
black lines indicate the rhom-
boid major muscle. The black
dotted lines delineate the rhom-
boid minor muscle. The white
line represents the scapula. The
white arrowhead points to the
dissected trapezius muscle flap.
The black arrowhead indicates
the levator scapulae muscle.
RMM rhomboid major muscle;
RmM rhomboid minor muscle

Side

Left side: 30 mL of blue dye

Right side: 20 mL of green dye

Anatomical structure Staining No staining Staining No staining
T1 4 (100%) 0 (0%) 3 (75%) 1 (25%)

T2 4 (100%) 0 (0%) 4 (100%) 0 (0%)

T3 4 (100%) 0 (0%) 3 (75%) 1 (25%)

T4 3 (75%) 1 (25%) 3 (75%) 1 (25%)

T5 2 (50%) 2 (50%) 2 (50%) 2 (50%)

T6 2 (50%) 2 (50%) 1(25%) 3 (75%)

T7 2 (50%) 2 (50%) 1(25%) 3 (75%)
T8 2 (50%) 2 (50%) 0 (0%) 4 (100%)
T9 0 (0%) 4 (100%) 0 (0%) 4 (100%)
T10 0 (0%) 4 (100%) 0 (0%) 4 (100%)
Peri-scapular fascia 4 (100%) 0 (0%) 0 (0%) 4 (100%)
Trapezius muscle 0 (0%) 4 (100%) 0 (0%) 4 (100%)
Rhomboid major muscle 2 (50%) 2 (50%) 0 (0%) 4 (100%)
Rhomboid minor muscle 0 (0%) 4 (100%) 0 (0%) 4 (100%)
Serratus posterior superior muscle 0 (0%) 4 (100%) 0 (0%) 4 (100%)
Erector spinae muscle 0 (0%) 4 (100%) 0 (0%) 4 (100%)
Intercostal muscles 0 (0%) 4 (100%) 0 (0%) 4 (100%)
Dorsal scapular nerve Not applicable ~ Not applicable ~ Not applicable  Not applicable

Data are presented as the frequency (percentage)

Cranial

T—> Medial

in two of the simulated SPSM blocks with administration of
30 mL of the injectate. The RMM, which holds the scapula
to the ribcage and retracts the scapula toward the vertebrae,
is deeply related to musculoskeletal pain in the shoulder
and upper back [14]. Seol et al. reported that trigger point

Midline

injection into the RMM can provide temporary or long-term
pain relief in patients with MPS. The results of our study
suggest that SPSM block with 30 mL of local anesthetic
might potentially provide rapid pain relief not only via an
interfascial block, but also by intramuscular block of the
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RMM. The dorsal scapular nerve, which provides motor
innervation to the RMM, RmM, and levator scapulae mus-
cle, runs in the target space of the SPSM block along the
medial edge of the scapula. Blocking the action of the dorsal
scapular nerve would produce good mobility of the scapula,
as well as muscle relaxation of the neck and scapula. In our
study, the injected dye spread to the peri-scapular fascia in
all four of the simulated SPSM blocks with 30 mL of the
injectate. Although our study and previous reports did not
reveal whether the volume of 30 mL is adequate, the results
of our study suggest that the SPSM block has the potential
to block the action of the dorsal scapular nerve.

Ultrasound-guided rhomboid intercostal block (RIB)
was described by Elsharkawy et al. in 2016 as a novel block
technique in which a local anesthetic is applied to the plane
between the rhomboid major and intercostal muscles at
the T6-7 level, providing pain relief over both the anterior
and posterior hemithorax [15]. Kose et al. reported the
efficacy of ultrasound-guided RIB in patients with MPS in
a prospective clinical study [16]. Although cadaveric studies
of RIB have not been reported, Elsharkawy et al. conducted
a cadaveric and clinical study of the rhomboid intercostal
and subserratus plane block (RISS) block, a combination
block of RIB and subserratus plane block, and reported
that the RISS block demonstrated consistent spread of the
injectate to lateral cutaneous branches from the T4 to T9
intercostal nerves in the cadaveric study, and consistent
analgesia from T5 to T8 dermatomes in the clinical case
series [17]. In our study, the extent of injectate spread over
the ribcage from T1 to T3 was observed in seven of the eight
simulated SPSM blocks, excluding right side in cadaver #2
(Fig. 3b). Although the RIB is different from the RISS block,
the SPSM block, in which the target site is at the T2 level,
would be preferable to the RIB or RISS block in patients
with cervical and shoulder pain.

The present study has several limitations. First, only
a small sample of cadavers was analyzed because of the
limited availability of Thiel soft-embalmed cadavers,
which are an important resource for medical research at
the Department of Anatomy, Sapporo Medical University
School of Medicine. Although our results suggest the
tendency for a greater spread of the injected dye in the
SPSM block performed using 30 mL of the dye compared
to that with 20 mL of injectate, a difference between the
SPSM block with 30 ml and that with 20 ml in terms of the
extent of injectate spread is merely an impression in the
present study. Further studies in a large sample of human
participants are required to confirm the optimal volume and
dose of local analgesics and the clinical effects of the SPSM
block. Second, although Thiel soft-embalmed cadavers
provide more realistic physical and functional properties
for simulated ultrasound-guided regional anesthesia than
fresh cadavers [18], the results of cadaveric studies do not
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necessarily reflect the results in living subjects [19]. Third,
at the time of SPSM block administration, the cadavers were
in the prone position, while the block in actual patients is
performed with them in the sitting position. Hence, the
results of this study cannot be directly extrapolated to living
subjects due to the difference in the position between the
cadavers and patients during the procedure. Finally, staining
of the dorsal scapular nerve could not be assessed in all
eight simulated SPSM blocks with both 30 mL and 20 mL
of dye, because the dorsal scapular nerve was not detected
in the anatomical dissection due to its fragility in Thiel soft-
embalmed cadavers. Further clinical studies with a large
sample of human participants are required to confirm the
optimal volume of local anesthetics in the SPSM block that
would block the dorsal scapular nerve.

In conclusion, our findings suggest that the SPSM block
using 30 mL of injectate volume tends to demonstrate
wider spread compared to the SPSM block using 20 mL of
the injectate, and that the SPSM block probably provides
pain relief by acting as an interfascial block rather than a
segmental nerve block. Further studies with a large sample
of human participants are required to confirm the optimal
volume of local analgesic to be injected in the SPSM block.
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