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Regions in Deltoid Muscle: An Applied Anatomical Study
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SUMMARY: Accurately locating the central intramuscular nerve dense region (CINDR) within the deltoid muscle is essential
for safe and effective intramuscular drug injections. Improper targeting increases the risk of nerve injury, wherea®aalizasital
provides valuable guidance for routine drug injections and specific botulinum toxin therapy. This study examined 24 ashsltcadav
determine the location of the CINDR within the deltoid muscle. A longitudinal reference line (L-line) was drawn betweemtios acr
and lateral epicondyle of the humerus, and a semicircular transverse reference line (H-line) was drawn from the lowetstepoint of
jugular notch, passing through the acromion to the medial end of the scapular spine. Sihler’s staining was used tcviistiatingesttular
nerve-dense regions, and barium sulfate was applied to mark the CINDR. Spiral computed tomography (CT) scans and then$yngo syst
were used to record the projection point of the CINDR on the body surface, designated as point P. The intersectioncal the verti
through point P with the H-line and the horizontal line with the L-line were designated as PH and PL, respectively. Thgeercent
positions of PH and PL along the H-line and L-line, as well as the depth of the CINDR were measured and analyzed. The anterior,
middle, and posterior parts of the deltoid muscle contained a distinct intramuscular nerve-dense area. The PH point®Bf wereCIN
located at 45.52 %, 54.76 %, and 76.19 % along the H-line, whereas the PL points were located at 18.99 %, 23.65 %, ahch®2.16 %
the L-line. The CINDR depths were 1.08 cm, 1.99 cm, and 1.44 cm, respectively. All percentages represent mean valuéied he ident
CINDR locations should be avoided during routine intramuscular drug injections and should serve as effective targetador botuli
toxin-based shoulder slimming procedures and the treatment of muscle spasms.

KEY WORDS: Deltoid Muscle; Injections; Intramuscular nerves; Botulinum Toxins; Tomography; Spiral computed
tomography.

INTRODUCTION

In addition to its roles in shoulder abduction, flexionin the loss of a soft, feminine physique (Kettal, 2023; Yi
extension, and rotation, the deltoid muscle also contributesal, 2023). Botulinum toxin (BoNT) injection has emerged
to joint stabilization (Lewiset al, 2016). It is a common as a minimally invasive approach for reshaping the deltoid
site for intramuscular injections. However, all medicationmuscle contour, offering advantages such as procedural
possess inherent neurotoxicity, and injecting them in®mplicity, rapid recovery, and minimal adverse effects (Shin
regions with dense intramuscular nerve distribution posegtal, 2021; Yiet al, 2024). Many central nervous system
risk of iatrogenic neural injury from the procedure (Kakatiliseases, such as stroke, traumatic brain injury, spinal cord
et al, 2013). Significant damage to nerves innervating theajury, and amyotrophic lateral sclerosis, can lead to
deltoid muscle can lead to impaired shoulder abduction asdcondary muscle spasticity (Picetlal, 2017). When such
even square shoulder deformity (Van Gelein Vitriegal, spasticity affects the deltoid muscle, it may result in shoulder
2011). Deltoid muscle hypertrophy may occur due to genefmint dislocation, restricted movement, or shoulder pain (Van
factors, overtraining, or pathological conditions. In wome®@uwenalleret al, 1986; Pinhet al, 2023). Intramuscular
seeking aesthetic improvements, such hypertrophy can resaojection of BoNT for treating muscle spasticity is an
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increasingly popular approach that works by inhibitingacilitate the description of the positional relationship
acetylcholine release at motor endplates and blocking neuoatween the CINDR and superficial bony landmarks. A
transmission to the muscle (Skiral, 2021; Yiet al, 2023). semicircular horizontal reference line (H-line) was
The action site of BoNTs resides at the motor endplatesstablished from the lowest point of the jugular notch (point
however, staining and localization of these structures acg passing through the acromion to the medial end of the
limited by the availability of fresh specimens. Given thepine of the scapula (point d).
topological consistency between intramuscular nerve dense
regions (INDRs) and motor endplate bands, INDRs can seiSihler's staining method showed INDRs:The excised
as a surrogate targeting site (Amitial, 2007; Heet al, deltoid muscles were processed following a modified
2022, 2025). Sihler's stainig protocol (Hwet al, 2024): Depigmentation:

Incubated in a solution of 3 % potassium hydroxide and

Since the aforementioned clinical issues ar8.2 % hydrogen peroxide for 3-4 weeks; Decalcification:

associated with intramuscular nerve distribution, this studgnmersed in Siker's Solution | for 4 weeks; Staining:
aimed to employ a modified Sihler’s staining method tdreated with Sihler's Solution Il for 4 weeks; Decolorization:
elucidate the overall distribution pattern of intramusculafransferred to Sihler's Solution | for 3-24 h; Neutralization:
nerves in the deltoid muscle. Additionally, the CINDRs werRinsed in 0.05 % lithium carbonate solution for 1-2 h with
precisely localized using spiral CT scanning. This approaetgitation; Céaring: Gradually dehydrated in a glycerol
was designed to provide safer and more effective targetiggadient (40-100 %) for 1 week each. The intramuscular
sites for deltoid muscle injections, BoNT-based shouldererve branch distribution was observed using an X-ray film
slimming procedures, and management of deltoid musaleewer, photographed, and used to generate schematic
spasticity. We hypothesized that the deltoid muscle containdgrams. The percentage positions of the INDR along the
consistent INDRs that could be reliably identified througkength and width of the muscle were measured using Vernier
anatomical staining and imaging, thereby supporting safealipers.
and more targeted injection strategies.

Localization of CINDR by spiral CT: The skin and
MATERIAL AND METHOD subcutaneous fat of frozen cadavers were incised en bloc to

expose the deltoid muscles. Based on the results of Sihler’s
Specimens and ethicsThis study was performed on 24staining (with three INDRs identified in the deltoid muscle),
adult cadavers (12 men and 12 women), aged 30-75 yearthat CINDRs were located within the deltoid muscle, and
the time of death, with no history of neuromuscular diseabarium sulfate mixed with a glue was injected for marking.
or shoulder deformity. Among them, 12 cadavers (six mal&seedles were then inserted at bony landmarks on the body
and six females) were fixed in formalin, while the other 18urface, and a barium sulfate-soaked silk thread was sutured
(six males and six females) were freshly collected artitjhtly against the skin between the needles to represent the
cryopreserved. The collection and use of specimens wesderence lines. Spiral CT scanning and three-dimensional
approved by the ethics committee of our school (Ethicabconstruction were performed, followed by measurement
approval: #2022-1-003). using the Syngo system. The projection points of the

CINDRs on the body surface were named points PRP
Gross anatomy: Each cadaver was placed in the laterand F). Perpendicular lines were drawn from each P point
decubitus position. Semicircular incisions were made at thethe L-line with their intersections namedP, , P, , P, );
root of the neck and mid-humerus, followed by a longitudinaimilarly, perpendicular lines were drawn from each P point
incision extending from the acromion process along the the H-line with their intersections named (P, P,
lateral margin of the arm to the mid-humerus. The skin armhd B, ). The lengths of the L-line, a-PH-line, and c-P
subcutaneous tissues were carefully reflected both anteridityes, as well as the absolute depths of the CINDRS, were
and posteriorly along the muscle surface to expose the deltoi@asured. The percentiles were calculated a4 2aRd c-
muscle and quadrilateral space. This allowed observati®)yH values.
of the axillary nerve branches and their points of
intramuscular entry. Intact deltoid muscles from 12 cadavegsatistical analysis:SPSS17.0 (IBM Corporation, Armonk,
(six males and six females) were harvested for SihleRsY, USA) software was used for data analysis. The
intramuscular nerve staining. experimental data were expressedxas)(% to eliminate

the influence of individual differences. A paired t-test was
Reference line designA longitudinal reference line (L-line) used to compare the data between the right and left muscles.
was defined as the connection between the acromion (poifite comparison between men and women was performed
a) and the lateral epicondyle of the humerus (point b) tesing a two-sample t-test, test level wias 0.05.
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RESULTS downwards. The branches supplying the middle muscle
fibers ran downwards, fanning out and giving off the
Gross anatomical observationThe deltoid muscle can be arborizing branches. The branches supplying the posterior
divided into the anterior, middle (lateral), and posterior partsiuscle fibers first ran horizontally backward and then gave
After passing through the quadrilateral foramen, the axillanff arborizing branches downwards along their course. These
nerve typically divides into 3-5 branches, accompanied arborizing branches formed three INDRs within the muscle:
the posterior humeral circumflex vessels, which enter thike INDR1 was located at (26.231.93) % - (45.9& 2.33)
deep surface of the muscle at the mid-upper portion of B of the muscle length and (17.%81.67) % - (35.68&
length and midpoint of its width. Three patterns of axillar2.19) % of the muscle width, covering an area of @.5
nerve branching were observed in the deltoid muscle: TBeD2) cni. The INDR2 (middle region) spanned (3945
4-branch type was the most common (91.67 %, 22/24). TBer7) % - (46.4% 3.02) % of the muscle length and (39.59
anterior and posterior parts of the muscle are supplied by#.02) % - (60.5& 4.54) % of the muscle width, with an
branch, whereas the middle (lateral) part is supplied by tvemea of (2.6 0.03) cni. The INDR3 (posterior region)
branches. The 3-branch type accounted for 4.16 % (1/24)aafcupied (14.03% 1.6) % - (40.1% 2.45) % of the muscle
cases, with the anterior, middle, and posterior parts receivitgngth and (63.88 5.01) % - (82.03 6.18) % of the muscle
one branch each. The 5-branch type accounted for 4.16vwglth, measuring (4.32 0.03) cni (Fig. 2). Notably, a
(1/24), where the anterior and posterior parts were suppliedrizontal band-like neural distribution spanned (14t03
by two branches, and the middle (lateral) part was suppli@db) % - (46.4% 3.02) % of the muscle length and (17458
by one branch (Fig. 1). Additionally, the anterolateral paft.67) % - (82.0% 6.18) % of the muscle width.
of the deltoid muscle received dual innervation from the
lateral pectoral nerve in 79.17 % (19/24) of cases. The branches of the lateral pectoral nerve entered the
. . deltoid muscle from its deep surface and, after penetrating the
muscle, traversed the anterior margin from the midpoint of
the muscular substance, branching along their path. These rami
did not form a distinct, dense nerve plexus withertuscles.

Fig. 1. Gross Anatomical Study of Common Nerve Supply Pat
to the Deltoid Muscle. 1=anterior bundles of the deltoid mus
2=middle bundles of the deltoid muscle; 3=posterior bundle
the deltoid muscle

Modified Sihler's staining method for displaying )
intramuscular nerve dense region:After entering the N Iy B
deltoid muscle, the axillary nerve demonstrates disuiigyy o |ntramuscular nerve distribution pattern in the deep aspect of
branching patterns in different regions. The branchgs; geltoideus and location of CINDR. A: Sihler’s Staining. Red

supplying the anterior muscle fibers typically ramox and dot represented INDR and CINDR respectively. 1=Lateral
horizontally, giving off arborizing branches upward angbectoral nerve. Bar, cm. B: Schematic drawing of Figure A.
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Spiral CT localization of the CINDR: The CINDRs marked N % § § L 28K
with barium sulfate, along with reference lines and bony o o o oo
landmarks, appeared in white on both the surface and g -
tomographic images reconstructed from the spiral CT. The . § g N 2 . 88y
projection of the CINDRs onto the skin indicates the puncture g ’g oo © N oo o
site (point P) for needle insertion. The position at which the b ; uw 2
CINDR projects onto the L reference line can be measuredg|o | = |8 & & $fl o8 |99
in the coronal plane, whereas its position and depth on the % ER IR {,J, 52Y|2 o3
H reference line can be determined in the axial plane. Inthis |5 |5 £|8 S & 3 E5LI88 5
study, a CT localization image of the anterior part of the &| € oo LI Al s
deltoid muscle is shown as an example (Fig. 3A-3D). The 38 E’
percentage positions and depths of the CINDR projections © @1 9 g S 233
for lines H and L are detailed in Table I. Statistical analysis £| |2 §|c ¢ o AT
showed no significant differences (P > 0.05) between the 5| |[E £/8 § & g Q< 85h
left and right sides or between the male and female subjects%’ o E e
(Tables 1l and 11I). g §
Q IS N~ 0 LD
Table I. The percentage position of the PH and PL of § K99 a a ]SS
CINDR of deltoideus on Lines H and L respectively € o woS 3 ©coeo°
and depth of CINDR(x9) % % < o ®
CINDR Ronline P onlne P-CINDR 2 _ 223 = - |AR3
L (%) H ©6) (cm) = S o g =g < Q
CINDR,  18.59+1.25 45.04+3.05 1.03%0.17 ° o <
CINDR,  23.50#2.16 55.09+1.59 2.01x0.14 9 |, 1899 zZ Sg 388
CINDR,  21.78+1.36 76.00x1.81 1.51%0.15 & < TEG SN o f) S E E{ E'
Z/S 5 L8 &8 R S £58 | aa
R EIRCIANEE- S
DISCUSSION S E 3 F
8l c @

The deltoid muscle is innervated by the axillary nerve ; 1883 ﬁ s § § o’:C:
(Stokeyet al, 2024). The predominant branching pattern of 2 3 o 233 g |25 |d 4
the axillary nerve before entering the deltoid muscle, 3| |5 £/ 3 & g °eslZan
characterized by a four-branch configuration (Stextcal., g T % S
2010), aligns with our findings. Larionov etal. (2020), 2 °
reported that >80 % of the anterior fibers of the deltoid = B e 1~ 3 o o
muscle received additional innervation from the lateral E a S8 3 ﬁ a § 3 &
pectoral nerve. In our study involving 24 deltoid muscles, ; ee e ﬁ ©oo°
dual innervation from the lateral pectoral nerve was observed N O~ S o <~
in 19 specimens, demonstrating a strong concordance withg - 13853 g 139 s
the findings of Larionoet al (2020). o N = G 39

c o

. L . Zg >~ 9 x §_ &:, 0 O N
latrogenic nerve injuries caused by intramuscular g |4 S232 T o8 _|NS%
injections are not related to mechanical trauma from the 2 5|2 ¢ & & & o £ jg‘lgl‘ E 3 E
needle; they are primarily attributable to neurotoxicity- — i/ LERT S ; Soc c o
induced degeneration and necrosis of nerves and muscless | o - o o |saN

(Gentili et al., 1980; Pandiaet al, 2006; Cohen & Gray, glf é’
2010; Desakt al, 2019). As a common site for intramuscular 5| S,| |8 X @ 5 |lo 8B
injections, the deltoid muscle has been the focus of multiple 5| |2 §| 3 ¥ X S AR
safety guidelines aimed at preventing nerve damage. For-% EL RIS 5 Eg % % ‘E
instance, injecting medications 5-7 cm below the acromion, 2 -8 g = N«

within 31-43 % of the muscle length, has been shown to 8 8
avoid major nerve trunk injury (Kirat al, 2022; Stoket = 0w |dN o = g e
al., 2024). Considering muscle thickness, some protocols ©| & 58 3 @ g 222
recommend administering injections slightly below the E % % % % ﬁ O |00
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Fig. 3. Spiral CT localization image of the CINDR of the left deltoid muscle. A: Spiral CT three-dimensional reconstruction
image showing the projection positions of the CINDR on the body surface along with the designed reference lines. B:
Measurement of the length of line L on the coronal section. C: Measurement of the length of line H on the cross section.
D: Measurement of the depth of the CINDR on the cross section.

midpoint of the muscle (7 cm below the acromion)anterior part at 18.82-41.12 % of muscle length, the middle
Conversely, for adults, administering medications 10 cipart at 37.65-48.24 %, and the posterior part at 25.88-47.06
below the acromion (60 % of the muscle length) helpg%. These findings suggest that these INDRs should be
circumvent vascular and neural structures (Charmbdl ~ avoided during intramuscular injections into the deltoid
2022). Three INDRs were identified based on theuscle to prevent nerve damage and associated functional
intramuscular nerve distribution results of this study: thienpairments.
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However, when administering intramuscular BoNTonly 3U, 1U, and 3U of BoNT, respectively, are needed for
injections for muscle spasticity or shoulder contouthese three regions to achieve therapeutic effects. This
improvement, precise targeting of the neuromuscular juncti@pproach significantly reduces the total BoNT injection dose.
is essential to block acetylcholine release, thereby alleviating
muscle spasms and inducing muscular atrophy. Therefore, By marking the CINDR with barium sulfate and
precise localization of INDR is critical, as deviation of thegperforming spiral CT scans with three-dimensional
BoNT injection site by more than 5 mm from the motoreconstruction, we established reliable mediolateral and
endplate results in a 50 % reduction in therapeutic efficasyperior-inferior relationships between internal nerve targets
(Parratteet al, 2002). Numerous studies have reported thend surface bony landmarks. These reference-based
use of BONT injections targeting the deltoid muscle. A previousoordinates can help guide more accurate and safer injections
study suggested an approach in which multi-point injectioristo the deltoid muscle. However, the study has certain
were administered along the course of the anterior branchliofitations, including a relatively small sample size, a lack of
the axillary nerve within the deltoid muscle, 5-6 cm below theacial diversity, exclusive use of adult cadavers without
acromion (Gentilet al, 1980); another proposed multi-pointpediatric representation, and the absence of clinical validation.
injections at the mid-upper 1/3 intersection of the muscle lengitihese factors may affect the generalizability of our findings
in the central deltoid, with additional injections at the midand highlight the need for further validation across broader
lower 1/3 intersection for the anterior and posterior regiormpulations.

(Yi et al, 2023); and another recommended eight-point
injections within a Z 5 cnt area under the acromion (Keh CONCLUSION
al., 2023). However, such multipoint injections increase patient
burden owing to higher costs, procedural pain, antibody This study accurately mapped the intramuscular nerve
formation, and muscle fibrosis risk (Waetal,, 2022, 2024). distribution of the deltoid muscle using Sihler's staining and
Additionally, electrostimulation-guided targeting via surfac&CT-based localization, enabling precise identification of
stimulation of the adult deltoid muscle, which identified site€INDR. These findings have important clinical implications
eliciting maximal muscular contraction as injection pointsfor improving the safety and efficacy of BONT injections
revealed five horizontally distributed motor points that formeednd intramuscular drug delivery. Future research should
a band (Behringeat al., 2014). However, that study employedfocus on validating these anatomical landmarks through
different reference lines (the anterior-posterior axillary foldiltrasound-guided clinical applications.
line (X-axis) and the acromion-anterior axillary fold line (Y-
axis)), precluding a direct comparison with our findings. OUACKNOWLEDGMENTS . We are grateful for the support
research demonstrated a horizontal band-like neurftbm the National Natural Science Foundation of China,
distribution within 14.03-82.03 % of the muscle lengthGrant/Award Number: 32260217. The authors sincerely
encompassing three intramuscular neural dense regions. Attesink those who donated their bodies to science so that
marking the central points with barium sulfate and performingnatomical research could be performed. Results from such
spiral CT scanning, we precisely localized these regions alongsearch can potentially increase human-kind overall
two defined reference lines. These anatomical landmarks damwledge that can then improve patient care. Therefore,
reduce the need for multiple injections, thereby minimizinthese donors and their families deserve our highest gratitude.
dosage and patient discomfort. Regarding the BoNT injection
dose for the deltoid muscle, both Sktral (2021) and Pinho ¢y, s.: LUO, H.; WEN, S. & YANG, S. Localizacién del centro de
et al (2023) recommended a dose of 50U during cosmetic las regiones intramusculares densamente inervadas en el misculo
spasticity treatments of the deltoid muscle. blal (2023) deltoides: Un estudio anatomico aplica.J. Morphol., 43(51747-
compared two groups of patients with deltoid muscle cosme#&>3. 2025.
concenm\Nhorecewed16LJand32U|mecnonSJ¢specnveW. RESUMEN: La localizacion precisa de la region central
T.he results revealt_ad that both groups aChleved_arimramusculardensamente inervada (RCDNI) en el musculo deltoides
circumference reduction, although there was no statisticall¢ fundamental para la seguridad y eficacia de las inyecciones
significant difference in the degree of reduction. Howeveiqtramusculares de farmacos. Una puncién incorrecta aumenta el riesgo
the 16U low-dose group exhibited fewer side effectgle lesion nerviosa, mientras que una localizacion precisa proporciona
suggesting that 16U was sufficient to achieve therapeutig@ gu'l'gvaliosa para Iasin){ef:ciones rutinarigs de fér.mgcosyla:[erapia
effects. Efficacy did not increase proportionally beyond thigspecmca con toxmq botuhmcg. E;Ee estudio examiné 24 caQaveres
dose. Based on the recommended infiltration of 1.52pem adultps para dete'rmlnaf la ubicacion dg la RQDNI en'el musculo

8 . . deltoides. Se traz6 una linea de referencia longitudinal (linea L) entre
BTX-A unitand 4.5 crhper 2.5-5 units (Borodiet al, 1994), ¢l acromion y el epicéndilo lateral del himero, y una linea de referencia
combined with the recommended INDR area of INDR transversal semicircular (linea H) desde el punto méas bajo de la incisura
INDR,, and INDRS3 identified in this study, it is estimated thayugular, pasando por el acromion, hasta el extremo nusdiakspina
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