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Scapular region topography concerning peripheral nerves and

anatomical implication of nerve entrapment

Abstract

The objectives were to identify and detail the suprascapular notch (SSN), a narrow
topographical space where the suprascapular nerve (SN) passes through.
The goals were to identify the anatomical sites and causes of the suprascapular
nerve entrapment (SNE) and to enhance its diagnostic imaging methods and
surgical approaches. The morphology of the SSN was observed in 333 unpaired
and 180 paired dry scapulae, and classified into five types based on depth versus
superior width measurements where the morphometry of each SSN type was
analyzed to assess the pattern of SSN stenosis. The topography
of the suprascapular canal (SSC) was dissected and observed in 30 cadaveric
specimens. The topography of the SSN was dissected and its contents were
observed in 159 cadaveric specimens to profile its variations, followed
by analyzing the relationships of the SSN surrounding muscles in 115 cadaveric
specimens. Systematic and narrative reviews were conducted in order
to established the list of SNE anatomical etiologies and their surgical
managements. The relevant anatomical terms were discussed through
the consensus method of Delphi. Basic imaging modalities (plain film X-rays, 3D-
CT reconstructions, MRI and ultrasound) were evaluated for their efficacy
in detecting the SSN. The SSC was identified as an osteofibrous canal with a peer-
consensus level of 76.4% concerning the new designated term. The SSN has been
classified into five types: Type-I (8.3%), Type-II (12.3%), Type-III (51.2%),
Type-IV (6.4%), and Type-V (21.8%). The overall incidence of SSN stenosis was
15% and by each SSN type was as follows: Type-I (1.6%), Type-II (2.8%), Type-
I (16.3%), Type-IV (1.6%), and Type-V (15.1%). The SN passes under

the suprascapular ligament (SSL) in all cases, while the vessels passes above



the SSL only in 51%. An internal vessel(s) pass(es) within the SSN in 49%
of cases. More than one suprascapular vein was found in 33.3% with a diameter
ranging from 0.5 to 5 mm, and more than one suprascapular artery (SA) was found
in 3.3% with a diameter ranging from 1 to 5 mm. The subscapularis muscle
(SUBM) was covering the anterior surface of the SSN completely in 3.5% and
partially in 38.3% of cases. The SN can be compressed dynamically within
the SSN by an accompanying pulsating SA, or by SUBM impingement. The SSL
was covered by the inserting omohyoid muscle partially in 29.6% of cases.
Ultrasound algorithm to detect a suspected SSN stenosis is proposed by measuring
the SSN depth and width. Conservative treatment of the SSN does not assure
motor recovery with a reported motor impairment in 60% of cases. A surgical
ligamentectomy would release the entrapped SN only if it was compressed
by the SSL. An osteoplasty is inevitable when the SN is compressed by bone

tissue.

Keywords
scapula; spinoglenoid notch; suprascapular artery; suprascapular canal;
suprascapular ligament; suprascapular nerve entrapment; suprascapular nerve;

suprascapular notch; suprascapular vein.



Topografie lopatkové krajiny ve vztahu k perifernim nerviim a

anatomickému podkladu jejich utlaku

Abstract in Czech

Cilem prace bylo identifikovat a podrobné¢ popsat incisura scapulae (SSN), uzky
topograficky prostor, jimz prochdzi neruvs suprascapularis (SN). Zevrubnéji Slo
o presné urceni anatomickych mist a pfi¢in utlaku neruvs suprascapularis (SNE)
a o zlepSeni diagnostickych postupli k jeho odhaleni a chirurgickych ptistupt
k jeho opera¢nimu feSeni. Morfologie SSN byla studovéana na 333 neparovych
a 180 parovych suchych lopatkéch a klasifikovana do péti typli na zékladé méfeni
hloubky versus horni Sitky SSN. Podle toho byla analyzovdna morfometrie
kazdého typu za uCelem posouzeni vzoru stenézy SSN. Pomoci klasické
anatomické pitvy byla zkoumdna topografie canalis suprascapularis (SSC) na
30 kadaverdznich vzorcich a topografie SSN na 159 kadaveroznich vzorcich, aby
se odhalily jeji moZzné variace, a poté byly analyzovany vztahy mezi svaly
obklopujicimi SSN u 115 kadaveroznich vzorkll. Byly provedeny systematické
a narativni prehledy s cilem vytvofit seznam anatomickych pti¢in vzniku SNE
a jejich chirurgickych feSeni. PfisluSné anatomické terminy byly prodiskutovany
s odborniky pomoci konsensualni metody Delphi. Zékladni zobrazovaci modality
(rentgenové snimky, 3D-CT rekonstrukce, MR a ultrazvuk) byly hodnoceny
z hlediska jejich U€innosti pii hledani a vySetfovani SSN. SSC byl identifikovan
jako osteofibrézni kanal s konsensualni trovni 76,4 % ohledné jeho nového
nazvu. Tvar SSN stendza byl rozd€len do péti typa: Typ-I (8,3 %), Typ-II
(12,3 %), Typ-11I (51,2 %), Typ-IV (6,4 %) a Typ-V (21,8 %). Celkovy vyskyt
SSN byl 15 % a podle typu byl nasledujici: Typ-I (1,6 %), Typ-II (2,8 %), Typ-
I (16,3 %), Typ-IV (1,6 %) a Typ-V (15,1 %). SN probiha ve vSech piipadech
pod ligamentum transversum scapulae superius / ligamentum suprascapulare

(SSL), zatimco nad SSL prochazeji cévy pouze v 51 % ptipadl. Uvniti SSN se



tedy nalézaji cévy v 49 % piipadi. Vice nez jedna vena suprascapularis byla
nalezena v SSN v 33,3 % s pramérem od 0,5 do 5 mm a vice nez jedna arteria
suprascapularis (SA) byla zjiSténa u 3,3 % s primérem od 1 do 5 mm. Musculus
subscapularis (SUBM) pokryval piedni plochu SSN zcela ve 3,5 % a Castecné
v 38,3 % piipadi. SN mize byt utlaten dynamicky v rdmci SSN doprovodnou
tepajici SA nebo tlakem blizkého SUBM. SSL bylo ¢astecné zakryto uponem
musculus omohyoideus ve 29,6 % ptipadu. Ultrazvukovy algoritmus pro odhaleni
pfipadného ziZeni SSN zahrnuje méfeni hloubky a Sitky SSN. Konzervativni
lé€ba SSN nezaruCuje motorické zotaveni, dle literatury 60 % pacienti trpi
vypadky hybnosti. Chirurgickd ligamentektomie uvolni utlaCeny SN pouze
v ptipadé, Ze byl stlaten pomoci SSL. Osteoplastika je nevyhnutelna, je-li SN

utlacen kostni tkani.

Klicova slova
arteria suprascapularis; canalis suprascapularis; incisura scapulae; incisura
spinoglenoidalis; ligamentum suprascapulare; nervus suprascapularis; scapula;

utlak nervus suprascapularis; vena suprascapularis.



1. Background

The anatomical passage where the suprascapular nerve (SN) courses between
the suprascapular notch (SSN) and the spinoglenoid notch (SGN) has been
addressed in the literature without an elaborated detail of this topography as
a whole (Cummins et al., 2000; Duparc et al., 2010; Tasaki et al., 2015).
The described boundaries by the aforementioned authors do not offer a sufficient
description of its full morphological topography as well as a solidified description
of its contents. Furthermore, no term has been codified in the Terminologia
Anatomica (TA) (FIPAT, 2019) as a designated official term for this

topographical space.

1.1. The morphology of the suprascapular notch

A concordant morphological classification of the SSN has not been reached
in the literature yet. The first traceable study addressing the SSN typing
in literature was performed by Hrdlicka (a Czech anthropologist who lived
in the United States) in 1942. There are two controversial classification systems
describing the SSN on dry bone specimens. One is based on the SSN
morphometric measurements (Natsis et al., 2007; Polguj et al., 2011) and the other
one is based on subjective observation of the SSN shape (Hrdlicka, 1942;
Rengachary et al., 1979a). The morphometric approach is reproducible with less
discrepancy than its counter method of visual observation. The morphometric
system: Polguj et al. (2011) categorized the SSN into five types:

e Type-I where the depth of the SSN is larger than its superior width.

Type-II with a SSN of an equal depth to superior width length.

Type-IIT SSN with a SSN where its depth is smaller than its superior width.

Type-1V is a foramen regardless of its parametric measurements.

Type-V is a discrete appearance of the SSN.



The understanding of the morphological influence of each SSN type on the risk
of suprascapular nerve entrapment (SNE) has not been reached prior to this
dissertation thesis (Al-Redouan et al., 2021b). Multiple contradictory hypotheses
exist but have been neither confirmed nor reached an agreement (Bayramoglu et
al., 2003; Urgiiden et al., 2004; Polguj et al., 2013; Polguj et al., 2014a; Tubbs et
al., 2013).

The literature had addressed the differing gross structural appearance
of the SSL (Tubbs et al., 2013; Polguj et al., 2012; Polgu;j et al., 2014b; Kaledzera
et al., 2022; Kumar et al., 2023). Interestingly, the SSN can contain internal
ligaments according to several reports in the literature (Avery et al., 2002; Polguj
et al., 2013; Giirses et al., 2015; Podgorski et al., 2015; Polguj et al., 2016).
A misconception in the literature exists considering the suprascapular ligament
(SSL) ossification, it is believed that it is the cause of the SNE without substantial
evidence of any mechanism that could affect the passing SN such as evaluating
the SSN space (Tubbs et al., 2013; Polguj et al., 2014b; Kaledzera et al., 2022).
An ossified SSL leads to a SSN foramen type and is not necessary
a pathoanatomical etiology. The literature also reports variations in the contents

of the SSN (Ringel et al., 1990; Polguj et al., 2014a; Labetowicz et al., 2017).

1.2. Radiological imaging of the suprascapular notch

The SSN is oriented anatomically in a tilted direction facing antero-medio-
inferiorly in regard to the frontal plane. This orientation makes it masked by
the base of the coracoid process of the scapula in the frontal as well as the lateral
imaging projections. In addition, the clavicle is situated anterior to the SSN. This
orientation makes the SSN invisible on plane X-rays. However, 3D-CT
reconstructions gives clear boundaries of the SSN resembling what can be seen
on dry bones. Even though the SSN is visible on MRI, its borders cannot be
captured on MRI sections since they do not align with the standardized MRI
sectioning planes (Al-Redouan and Kachlik, 2022b). Ultrasound examination
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gives the advantage of probe manual rotation to align the beam to transduce
through the SSN vicinity (Chan and Pang, 2011; Fernandes et al., 2012;
Yamakado, 2015; Laumonerie et al., 2017; Laumonerie et al., 2018; Kamal et al.,
2018). The skills of the observer and the variability of the SSN contents adds more

challenge to its visualization by ultrasound.

1.3. The current state of approaching suprascapular nerve entrapment
Suprascapular nerve entrapment (SNE) is well understood and documented under
pathological conditions such as cyst formation or due to injury such as in rotator
cuff tears with focus on the supraspinatus muscle (SUPM) (Zehetgruber et al.,
2002; Duparc et al., 2010; Kumar et al., 2014; Labetowicz et al., 2017; Kostretzis,
2017; Katsuura et al., 2019; Leider et al., 2021; Patetta et al., 2021, Cummins et
al., 2022; Vij et al., 2022). However, anatomical risk factors leading to SNE
in non-pathological situations are not clear in the available literature and rather
speculations of encountered variations within the SSN are presented (Al-Redouan
et al., 2021b).

The SNE i1s commonly treated by nerve blocks yielding temporary relief (Chan
and Peng, 2011; Leider et al., 2021) or surgically by SSL resection releasing the
entrapped SN (Lafosse et al, 2007; Leider et al.,, 2021). However,
a ligamentectomy did not lead to SN pain relief in all the reported cases (Lafosse
et al., 2007; Chan and Peng, 2011; Hill et al., 2014; Memon et al., 2018; Cano-
Martinez et al., 2021; Nolte et al., 2021; Vaij et al., 2022). The nerve block is
commonly performed blindly in the clinical practice (Kamal et al., 2018;
Laumonerie et al.,, 2019b), however, recent studies advise performing such
application under visual-aided modalities such as ultrasound or fluoroscope
(Schneider-Kolsky et al., 2004; Peng et al., 2010; Laumonerie et al., 2017;
Laumonerie et al., 2018; Laumonerie et al., 2019a; Yildizgoren, 2020; Prenaud et

al., 2021).
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2. Objectives

The overall aim was to define the morphological pattern of each site
of the suprascapular canal (SSC) that carries a potential risk of anatomical
stenosis leading to potential SNE.

The project was intended to be performed at three main levels.
First: at the osteology level to investigate the morphometric variation of the SSN
on dry scapulae. The goal was to classify phenotypic appearance and find
correlation to clinical implications.
Second: observations at the cadaveric level of the topographical relationship
of those varying structures. The goal was to refine the course of the SN and
suprascapular vessels’ variations, and sites of potential risk of SN compression.
Third: at the diagnostic level by utilizing ultrasound in comparison to MRI.
The ultimate aim was to translate the theoretical findings into a potential practical

application.

2.1. The hypothesis

Suprascapular notch stenosis is governed by the SSN space capacity

to accommodate the cross-sectional diameter of the passing suprascapular nerve
and not by the SSN shape. The space capacity of the SSN can be measured

by ultrasound imaging and a potential risk of SSN stenosis can be detected

in reference to the cross-sectional diameter of the residing SN.

2.2. Qutcome benefits

To facilitate an ultrasound diagnostic method in patients suffering from
anatomical entrapment syndrome in non-pathological formations, and to provide
more clear criteria for the surgical choices performed in orthopedic and

neurosurgical units.
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3. Material and methodology

3.1. The observed material

Ethical and legal access to all specimens was approved for research and education
purposes by the Institutional Review Board (IRB) — The Ethics Committee
of the University Hospital Motol and Second Faculty of Medicine, Charles
University, Prague, Czech Republic [Reference ID no. EK-353/19].

3.1.1. Osteology specimens

The morphometric variations of the SSN were investigated on 333 unpaired and
180 paired dry scapulae.

3.1.2. Cadaveric specimens

The SSC was dissected and observed in 30 free limbs. The vicinity and contents
of the SSN were dissected and observed in 159 SSN cadaveric specimens.
In addition, 115 SSN were dissected and observed in cadaveric specimens to study
the adjacent muscles’ relationship to the SSN boundaries. The cadaveric
specimens belonged to denoted cadavers of Central European origin, fixed with
the classical formaldehyde method.

3.1.3. Imaging samples

The imaging samples were collected retrospectively from patients’ records with
a note on the diagnosed disorder, all patients’ confidentiality was maintained and
kept anonymous. This consisted of 112 plain X-ray images taken in frontal
projection and 30 plain X-ray images taken in lateral projection, from 76 adult
males and 36 adult females (average +£56 age). Three CTs (adult males who
suffered traffic accidents, ages 19, 23, and 47) and twenty bilateral 3D-CT
reconstructions (10 females and 10 males, age 19 to 67 (average +43 age)).
The SSC with emphasis on the SSN was investigated in 10 MRI DICOMs
(3 females and 7 males, age 23 to 52 (average +38 age)) in transversal and frontal

sections.
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The superior of the shoulder region was examined by ultrasound bilaterally
in 20 young healthy volunteers (12 females and 8 males; average age +21), with

prior written consent.

3.2. The experimentation methods and observations

3.2.1. Dry bones morphometric assessment and analysis of the suprascapular
notch

The SSN was grouped according to the classification system proposed by Polgu;j
et al., (2011) into their five basic types based on depth versus superior width
parameter measurements. Measurements were taken by a Vernier caliper (size
150 mm) with an estimated +0.2 mm range of accuracy.

Five parameters as illustrated in Figure 1 were measured. Statistical
analysis was performed to predict the prevalence of each type of the SSN and
the incidence of SSN stenosis was indicated by below 3 mm parametric values.
The pattern of stenosis of each SSN was described, assessed and accordingly
categorized into horizontal versus vertical parametric in value reduction (Al-
Redouan et al., 2021Db).

Figure 1. The measured parameters of the suprascapular notch borders.

Legend: & — height, LatD — lateral distance, MedD — medial distance, STD —

superior transverse distance, W — width.

*Image source: (4/-Redouan et al., 2021b)
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3.2.2. Cadaveric dissections and observation of the superior area
of the scapular region

The suprascapular canal dissection

The dorsal aspect of the free limbs was prepared first by reflecting the masking
large muscles to reveal the underlying layer of interest. The SUPM was released
from its origin by scrubbing its fibers from the surface of the supraspinous fossa
(SUPF) and was carefully lifted to examine its underlying area which is
the spinoglenoid fossa (SGF) including its contents. The length and width
of the full SSC were measured in millimeters.

The suprascapular notch dissection

The SSN anterior vicinity was exposed by reflecting the pectoralis major and
minor muscles laterally away from their origin sites on the trunk. The sternal end
of the clavicle was freed by cutting the sternoclavicular joint capsule and reflected
laterally. The contents of the SSN were described with notes on their relationships
to how the suprascapular vessels pass in relation to the SN and to the SSL. The SA
and SV were quantified and their calibers at the SSN were measured. The SSL
morphology was described and its length and width were measured.
The omohyoid muscle (OMHM) and subscapularis muscle (SUBM) were
specifically focused on since they have been noticed to intervene with the SSN

vicinity which was evaluated by intervals of quadrant ratio from zero to full extent

(0, 25%, 50%, 75%, and 100%) (Fig. 2).

3.2.3. Imaging evaluation of the suprascapular canal and notch
First, the plain X-rays were screened to evaluate the visibility of the SSN.
Second, the appearance of the SSN in 3D-CT reconstruction was compared to dry
bones scapulae. Third, MRI in frontal, sagittal, and transversal planes were
examined to navigate throughout the SCC.

Ultrasound imaging was experimented on the volunteers to find

the optimum probe angles for localization of the SSN.
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Figure 2. Illustration of the parametric intervals of the omohyoid muscle
in relation to the extent of its insertion on the suprascapular ligament, and
the subscapularis muscle in relation to the anterior vicinity of the suprascapular
notch.

25% 50% 75%
\ i :

Coracoid process

-------- 50% Lateral

Medial ----=--
1/2
-------------------------------- 25%
1/4

Subscapularis m: Low

Legend: SSL — suprascapular ligament, SSN — suprascapular notch.

The sagittal ultrasound probe approach: The probe was oriented above the SGF
utilizing the palpable acromion and spine of the scapula as anatomical landmarks.
Then, the probe was adjusted by tilting laterally at approximately 10° degrees
until the full length of the SSC extending from the SSN to the SGN was visible.
The posterior above the shoulder ultrasound probe approach: The probe was
placed parallel to the spine of the scapula and pushed laterally against the internal
angle of the acromioclavicular joint. The probe then was moved in sliding motion
in an anterior direction with medial tilt until the SSC was projected in a cross-
sectional view. Then, the probe was navigated in sliding and tilting motion
towards the SSN until the full length of the SSL came to view. The tilt of the probe
at this location was toned to refine a clear cross-sectional visibility of the SN.
The anterior below the clavicle ultrasound probe approach: We designed
stepwise maneuvers in lying position to move away the masking structures
to projection the transducer to our target of interest, the SSN.

1) Arm abduction in approximately 45° degrees, lifting up both the SUPM and

clavicle simultaneously.
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2) Arm external rotation with a flexed forearm, lowering the SUBM further
away from the SSN anterior vicinity.
3) The probe was placed under the clavicle on the palpable base
of the coracoid process of the scapula, which is the lateral border of the
SSN.
4) The medial border of the SSN was identified by locating the OMHM which
was found and confirmed by neck rotation.
3.2.4. Literature review and analysis
First, a narrative review was conducted to survey the reported SNE to investigate
the described etiologies and study the potential anatomical related sites. Relevant
articles’ abstracts were surveyed of which 71 articles were included and cited
in the published work (Al-Redouan et al., 2021a).
Second, a scoping review with meta-analysis was conducted to investigate
an encountered variant subclavius posticus muscle (SPM) and its potential
involvement in causing SNE. A total of 47 articles revealed a SPM prevalence
of 11/2069 (4.9%) (Al-Redouan et al., 2023).
3.2.5. Consensus method of Delphi
There were nine terms (Table 1) concerning the SSC of which five are new terms
described and proposed, and four terms that lack unity in terminology usage were
revised. The peer consensus method of Delphi was applied in an electronic Google
survey form composed of two rounds. First, taxonomy panels and etymology
of anatomical terminology were considered in generating the proposed terms.
Then 21 expert nominees voted and commented on the proposed terms in the first
round of the survey. The nominees then voted on the re-adjusted terms
in compliance with their feedback and recommendations. The level of consensus
of each term was calculated from the second round based on a scale from 1 to 7

(Al-Redouan and Kachlik, 2022a).
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3.3. The experimentation and testing

Space capacity of each of the five classified SSN types was investigated
by parametric analysis. The SSN parameters running in a vertical plane would
lead to vertical oriented SSN stenosis if reached below the critical measurement
value of 3 mm, this indicates a SNE caused by the SSL compressing the SN
against the inferior bone margin of the SSN. On the other contrary, a decrease
in size of horizontally oriented parameters would indicate a SNE caused

by the SN compressed between two bony margins (Al-Redouan et al., 2021b).

4. Results

4.1. The suprascapular canal

The SSC is defined as a passage (25 mm length x 13 mm width in average)
situated in the SGF with an entrance via the SSN and an exit via the SGN (Fig. 3)
where the neurovascular bundle containing the SN, SA and SV travels (Fig. 4)
(Al-Redouan et al., 2021a).

Figure 3. Schematic presentation of the suprascapular canal illustrating its spatial

orientation.

*Modified source: (Al-Redouan et al., 2021a).
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Figure 4. The suprascapular canal.
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Legend: Sa — suprascapular artery, SN — suprascapular nerve, SSN -

suprascapular notch, Sv — suprascapular vein, a — spinoglenoid fossa, b —
neurovascular bundle, * — lateral margin of the supraspinous fossa.
*Image source: (4/-Redouan et al., 2021a).

Structurally, it is an osteo-musculo-fibrous canal which exhibits
an osteofibrous morphology at its two openings but a musculofibrous morphology
throughout its passage. The roof of the SSC is composed of the SUPM. Medially,
it is bordered by the lateral margin of the SUPF, a demarcated line where
the origin of the SUPM ends and its muscle belly continues hovering over
the SGF. Laterally, it is bordered by the glenohumeral joint capsule (Fig. 4).
4.1.1. The outcome of the relevant proposed terms consensus
The level of consensus of the proposed terms concerning the SSC structures were
all above the threshold (57.16%) of acceptable range of agreement (Table 1).
4.2. The suprascapular notch topography and morphology
The SSN is impeded deep in the lateral corner of the omoclavicular triangle (Fig.
5). The trapezius muscle forms a roof being in no contact with the superior vicinity
of the SSN. The platysma muscle and the underlying superficial layer of the
cervical fascia were removed to expose deeper structures. The clavicle masks the

SSN anterior visibility.
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Table 1. List of the proposed terms with the peer consensus level.

Term in English Term in Latin Level of consensus %
Suprascapular canal canalis suprascapularis 76.4%
Spinoglenoid fossa fossa spinoglenoidalis 70.7%
Suprascapular groove sulcus suprascapularis 66.4%
Spinoacromial arch arcus spinoacromialis 75.7%
Base of coracoid process  basis processus coracoidei 82.9%
Suprascapular ligament ligamentum suprascapulare 61.4%
Suprascapular foramen foramen suprascapulare 85.7%
Spinoglenoid notch incisura spinoglenoidalis 90.0%
Spinoglenoid ligament ligamentum spinoglenoidale 77.1%

*Modified table, source: (A/-Redouan and Kachlik, 2022a).

Figure 5. Suprascapular notch topography.

nter ~_ Superio-anterior view

Legend: BrPIx — brachial plexus, Omh — omohyoid muscle, Sa — suprascapular
artery, SN — suprascapular nerve, SSN — suprascapular notch, SubS -
subscapularis muscle, SuprS — supraspinatus muscle, Sv — suprascapular vein,
ThCt — thyrocervicak trunk.

*Image source: (A/-Redouan et al., 2021a).
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4.2.1. Suprascapular notch type classification

Five types of SSN: Type-I, depth larger than superior width (8.3%); Type-II,
depth equal to superior width (12.3%); Type-III, superior width larger than depth
(51.2%); Type-1V, foramen (6.4%); and Type-V, discrete (21.8%) out of
the 693 observed dry bone scapulae.

4.2.2. Suprascapular notch osteofibrous structure

The SSL varied in shape with an average length of 11.7 mm (3.0 to 27.0 mm) and
an average width of 4.6 mm (1 to 13.5 mm). It was found to be thin-rounded
in 8 out of 63 (12.7%) specimens, flat in 39 out of 63 (61.9%) specimens, and
fanned (narrowing from medial to lateral) in 16 out of 63 (25.4%) specimens (Fig.
6). In addition, an internal ligament named the “anterior coracoscapular ligament”
running between the medial and lateral inner margins of the SSN was found
in 10 specimens (15.9%) exhibiting a delicate texture with an average length

of 11.7 mm (10.0 to 15.0 mm) and a width of 1.0 mm in all cases.

Figure 6. Distinctively observed suprascapular ligament variations.

A) Typical gross appearance. B) Fibrous gross appearance. C) Additional internal

variant ligament (anterior coracoscapular ligament).

Legend: ACS lig — anterior coracoscapular ligament, CorP — coracoid process, Sa
— suprascapular artery, SN — suprascapular nerve, SSL — suprascapular ligament,
SSN — suprascapular notch, SubS — subscapularis muscle, SupS — supraspinatus

muscle, Sv — suprascapular vein.
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4.2.3. Suprascapular notch surrounding muscles

I) Constant muscles not intervening with the SSN space — Supraspinatus
muscle.

In all cases, the SUPM was running parallel to the SSL above the SSN.

II) Constant muscles with variable positions that can intervene with the
suprascapular notch space — Subscapularis muscle.

The height of the superior margin of the SUBM coursing away from the inferior
margin of the SSN exposing the whole visibility of the SSN vicinity in 67 out of
the 115 (58.3%) observed specimens (Fig. 7). It was gradually extending upward
by approximately 25% of the SSN height in 19 (16.5%), by approximately 50%
of the SSN height in 15 (13.0%), and by approximately 75% of the SSN height
in 10 (8.7%) specimens, respectively. It was noticed to fully cover the visibility

of the SSN anterior vicinity in four out of the 115 (3.5%) specimens (Fig. 7).

Figure 7. The five parametric intervals (none, 1/4th, half, 3/4th, full)

of the variable subscapularis muscle superior margin height in relation

to the suprascapular notch.

Legend: SSN — suprascapular notch, SSL. — suprascapular ligament, SN —
suprascapular nerve, Sa — suprascapular artery, Sv — suprascapular vein, SupS —

supraspinatus muscle, SubS — subscapularis muscle, CorP — coracoid process.

IIT) Constant muscles with variable positions that can intervene with

the surgical approach — Omohyoid muscle.
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Figure 8. The inferior belly of the omohyoid muscle variable insertions
in relationship to the suprascapular ligament.

A) No insertion points on the SSL. B) Inserting on 1/4th the length of the SSL.
C) Inserting on half the length of the SSL. D) Inserting on 3/4th the length
of the SSL.

Legend: CorP — coracoid process, Omh — omohyoid muscle, Sa — suprascapular
artery, SN — suprascapular nerve, SSL — suprascapular ligament, SSN —
suprascapular notch, SubS — subscapularis muscle, SupS — supraspinatus muscle,
Sv — suprascapular vein.

The OMHM inserted on the medial border of the SSN without any fibers
extending onto the SSL in 80 out of the 115 (69.6%) observed specimens (Fig. §).
However, the OMHM attached onto the SSL in addition to its insertion
on the medial peak of the SSN in 34 out of the 115 (29.6%) specimens.
The insertion on the SSL. was varying in length (Fig. 8). It was found to cover
approximately 25% of the SSL margin in 23 (20.0%), approximately 50%
of the SSL in eight (7.0%), and approximately 75% of the SSL in three (2.6%)
specimens.

IV) Variable muscles intervening with the suprascapular notch space and
surgical approach — Subclavius posticus muscle and Coracoscapularis
muscle.

The SPM, with a reported incidence of 4.9% (Al-Redouan et al., 2023), was
encountered twice unilaterally on the left side inserting on the full length
of the SSL. And a variant “coracoscapularis muscle” was found unilaterally

on the left side running parallel to the SSL and sharing the same attachment.
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4.2.4. Suprascapular notch content

The SN (2-3 mm in diameter, average + 2.4 mm) passed through the SSN in all

the observed cases. Nine differing patterns of how the SA and SV pass at the SSN
were observed (Fig 9) (Al-Redouan et al., 2021a).

Legend: CorP — coracoid process, Omh — omohyoid muscle, Sa — suprascapular
artery, SN — suprascapular nerve, SSL — suprascapular ligament, SSN —
suprascapular notch, SubS — subscapularis muscle, SupS — supraspinatus muscle,
Sv — suprascapular vein.

*Image source: (4/-Redouan et al., 2021a)

Only in 51.0% a single SA and a single SV passed above the SSL.
Suprascapular vessels passed through the SSN underneath the SSL in 49.0% (Fig
9). In addition, a SN accompanied by a single SA and a single SV was found only
in 64.4%. More than one artery or vein can exist at the SSN with varying

diameters.
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4.3. Suprascapular nerve anatomical entrapments

Table 2. Suprascapular notch potential anatomical entrapment etiology by site.

SSN Site Etiology
Pre-SSN space Retroclavicular suprascapular nerve tension
e Chronic heavy loads (bags’ belt)
o Shoulder dystonia
e Soft tissue impingement
e Tumors (neuroma)
e Variant high margin of the subscapularis muscle
e Variant subclavius posticus muscle
e Scar tissue adhesion
e Fracture of lateral portion of clavicle
o Post-inflammatory processes
Decreased suprascapular notch space capacity
e Suprascapular notch stenosis
e Space occupying variant structure(s)
e Dynamic compression
o Suprascapular ligament “sling-effect”
e Vascular compression
e Abnormal chronic pulsatile pressure
Post-SSN Fibrous adhesions of the fascia
space e Supraspinatus muscular blunt trauma
e Suprascapular nerve traction
o Rotator cuff muscles tear
Dynamic compression
e Chronic episodic muscular impingement
Vascular compression
e Tortuous and dilated (varicose) veins

*Table sources (modified): (4l-Redouan et al., 2021a; Al-Redouan et al., 2023).

SSN vicinity

4.3.1. Suprascapular notch stenosis
Suprascapular notch stenosis was detected in 15% of the observed dry bone

scapulae (Fig. 10) (Al-Redouan et al., 2021b).

The analysis of the reduced in size parameters revealed three distinctive
patterns of SSN stenosis. The statistical analysis illustrated graphically in Figure
11 shows the relative risk of SSN stenosis by type. Type-V SSN had the highest
incidence of stenosis. Type-III was the most common type which had an equal

incidence in the overall sample (Fig. 11) (Al-Redouan et al., 2021b).
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Figure 10. Suprascapular notch stenosis pattern and incidence by type.

Type-1 (depth = upper width)

» Low incidence of stenosis (4/252)

» Low frequency within type (4/21)

» Potential risk of horizontal compression.

Type-II (depth = upper width, £ 1 mm)
» Low incidence of stenosis (7/252)

» Low frequency within type (7/31)

» Undetermined pattern.

Type-1II (depth < upper width)

» Relatively higher incidence (41/252)
» Low frequency within type (41/129)
» Potential risk of vertical compression.
Type-1IV (foramen)

» Low incidence of stenosis (4/252)

» Lower frequency within type (4/16)

» Potential risk of encircled compression.
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Figure 11. Suprascapular notch stenosis pattern by type.
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*Image source: (A/-Redouan et al., 2021b).

4.4. Suprascapular canal and suprascapular notch imaging

4.4.1. Suprascapular canal MRI anatomy
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Figure 12. T1-weighted magnetic resonance image (MRI) sections of a left

shoulder navigating through the suprascapular canal.

Transverse MRI sections
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Legend: Gl — glenoid, GIln — glenoid, InfrS — infraspinatus muscle, SGF —
spinoglenoid fossa, SGN — spinoglenoid notch, Snv — suprascapular
neurovascular bundle, spin — spine of scapula, SSC — suprascapular canal, SSN —
suprascapular notch, SubS — subscapularis muscle, SuprS — supraspinatus muscle,

Trapz — trapezius muscle.
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4.4.2. Suprascapular canal ultrasound anatomy

The full length of the SSC was captured by placing the ultrasound probe above
the shoulder at the site of the SGF in a diagonal orientation with a medial tilt (Fig.
13).

Figure 13. Diagonal sonographic section of a left shoulder through

the suprascapular canal.
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Legend: CorP — coracoid process, SGN — spinoglenoid notch, SSC -

suprascapular canal, SSN — suprascapular notch.

4.4.3. Suprascapular notch stenosis ultrasound diagnostic algorithm

A suspected SSN stenosis can be assessed by measuring the space determining
parameters on an ultrasound examination using the posterior (Fig. 14) and anterior
(Fig. 15) ultrasound views. A SSN height or widths below 3 mm are considered
critical values indicating a SSN anatomical stenosis (Fig. 14,15). Specifically,
the anterior view approach can detect dynamic SNE by the SUBM as its superior
margin can be observed while in motion by internal and external rotation

of the flexed arm.
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Figure 14. Ultrasound algorithm in detecting suprascapular notch stenosis (right

shoulder, posterior transducer approach).

Decreased space capacity - SSN stenosis
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Legend: h — height, STD — superior transverse distance, w — width.

Figure 15. Ultrasound algorithm in detecting suprascapular notch stenosis (right

shoulder, frontal transducer approach).
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Legend: h — height, STD — superior transverse distance, w — width.
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S. Discussion

5.1. The suprascapular canal defined as a topographical site

5.1.1. The newly identified and proposed terms

The “suprascapular canal” as a term is not listed in TA (FIPAT, 1998; 2019).
The overall level of consensus of the nine terms was high (Table 2). Even though
the consensus level of the ‘“suprascapular ligament” was above the threshold
(57.16%), it was relatively lower than in the other terms (61.43%) (Al-Redouan
and Kachlik, 2022a). Some anatomists still prefer the old codified in TA term,

the “superior scapular transverse ligament”.

5.2. Suprascapular notch variation

5.2.1. Suprascapular notch classification systems

Our morphometric classification system is in concordance with the proposed
classification system by Polguj et al. (2011) as well as with all the authors using
this morphometric system (Natsis et al., 2007; Igbal et al., 2011; Kumar et al.,
2014; Jezierski et al., 2017) with varying reported prevalence. The discussion and
debate of classifying the SSN shape is persisting throughout the literature. We had
demonstrated that a morphometric based classification of the SSN type has its
application, in which we had driven the morphometric risk pattern of SSN stenosis
(Fig. 10, 11) (Al-Redouan et al., 2021b).

5.2.2. Suprascapular notch content

The SSL was found to vary morphologically (Fig. 6) as addressed in the literature
(Polguj et al., 2012). The prevalence of the variant anterior coracoscapular
ligament 15.9% (ten out of 63 SSNs). It was presented to occur in 18.8% to 60.0%
(Polguj et al., 2016). The reported 41% bilateral and 60% unilateral occurrence
by Avery et al. (2002) seemed to be very high in comparison to our report.
Piyawinijwong and Tantipoon (2012) reported 6% bilateral and 22% unilateral

occurrence, which is relatively in agreement to our report.
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It is widely believed that the SA and SV pass above the SSL (Lambert,
2016; Ward, 2016), and it is taught in the anatomical curricula as a reliable fact.
However, the SA was found running within the SSN underneath the SSL
in 26.7%, while the SV passed underneath the SSL in 50.0% out of
the 159 observed SSN specimens (Fig. 9) (Al-Redouan et al., 2021a). Polguj et al.
(2015) reported a SV running under the SSL in 61.3% and the SA in 9.4%, while
both vessels coursed under the SSL in 12.3% out of a sample of 106 SSN
cadaveric specimens. According to their study, only 17% exhibited the well-
known classical description of the SA and SV passing above the SSL (Polgu;j et
al., 2015). It 1s also widely believed that there is only one SA and one SV
(Lambert, 2016), and additional number is perceived as a rare variant (Ward,
2016). Meanwhile, only in 47.7% out of our 159 observed SSN specimens
exhibited a single SA accompanied by a single SV. A duplicated SV was found
in 30.0%, while a tripled SV in 3.3% of cases. However, the SA was less likely
to be duplicated and was found only in 3.3% of cases (Fig. 9) (Al-Redouan et al.,
2021a).

The insertion of the OMHM on both the medial peak of the SSN and
the SSL is a well-established fact (Lambert, 2016) with some documented
variation (Ward, 2016). In our study, we illustrated that the OMHM can be
inserting only on the medial peak of the SSN and that was found in 69.6% out of
the 115 observed specimens. Only in 29.6%, the SSL was involved as an insertion
site for the OMHM (Fig. §). On the contrary, Bayramoglu et al. (2003) and Bhat
et al. (2018) reported an isolated insertion of the OMHM on the SSL without
the involvement of the medial peak of the SSN. We had encountered two variant
muscles involving the margins of the SSN. The anterior coracoscapular muscle
has never been reported before. The SPM was reported inserting on the SSL with
a prevalence of 11.8% (Rabi et al., 2008; Cogar et al., 2015; Moyano et al., 2018;
Ulusoy et al., 2018; Buitrago et al., 2021). The superior margin of the SUBM can

run more cranially covering the anterior surface of the SSN (Fig. 7). The inferior
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margin of the SUPM runs parallel to the SSL forming a secondary opening into
the SSC through which the SA and/or SV pass in 93.3% of the observed 159 SSN
cases in varying combinations (Al-Redouan et al., 2021a). This opening can be
regarded as a fibromuscular foramen (Al-Redouan et al., 2021a). Iatrogenic lesion
to the OMHM is a risk factor that can lead to omohyoid muscle syndrome causing

swallowing and phonation disturbance (Ong et al., 2021).

5.3. Suprascapular nerve entrapment at the suprascapular notch

5.3.1. Mechanism of suprascapular nerve entrapment at the suprascapular
notch

The SN can be subjected to anatomical compression (Rengachary et al., 1979a;
Avery et al., 2002; Zehetgruber et al., 2002; Duparc et al., 2010; Moen et al.,
2012; Kostretzis et al., 2017; Al-Redouan et al., 2021a; Al-Redouan et al., 2021b)
or dynamic impingement and stress (Rengachary et al., 1979b; Zehetgruber et al.,
2002; Tasaki et al., 2015; Al-Redouan et al., 2021a). The SSN stenosis (below
a critical point of 3 mm) can occur with an incidence of 15% (Al-Redouan et al.,
2021b) due to ossification of the SSN margins. This form of stenosis can take
three distinctive patterns. A horizontal pattern where the SN is compressed
between two bone margins, and a vertical pattern where the SN is compressed
by the SSL against the inferior bony margin of the SSN, or a mixed pattern
of compression between bones and the SSL (Fig. 11). On the contrary
to the popular believe, an ossified SSL (Mohd, 2006; Tubbs et al., 2013; Polguyj
et al., 2014b; Lambert, 2016; Ward, 2016) does not necessary cause SNE if it does
not affect the internal space capacity of the SSN vicinity. This was evidenced
in our study where only 1.6% of the suprascapular foramina where stenosed (Al-
Redouan et al., 2021b). Another mechanism that could lead to SSN stenosis is
a space occupying structure (Al-Redouan et al., 2021a) saucy as the variant
anterior coracoscapular ligament (Fig. 6C). The SN can be entrapped dynamically

during shoulder movements. A common predisposing risk factor (12—33%) is
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sports with strenuous overhead arm motions such as volleyball, swimming, and
basketball (Ravindran, 2003; Moen et al., 2012; Shi et al., 2012; Memon et al.,
2019). A repetitive arm abduction movement can rub the SN against the SSL,
a phenomenon referred to as the “sling effect” (Rengachary et al., 1979b;
Zehetgruber et al., 2002; Tasaki et al., 2015). Further, a SN traction can occur
in such strenuous movement or in cases such as shoulder dystonia where the SN
is subjected to stretching tension (Parvizi and Kim, 2010; Mandal et al., 2019).
Furthermore, the superior margin of the SUBM (Fig. 7) can impinge on the SN if
it runs covering the anterior surface of the SSN (Tasaki et al., 2015; Katsuura et
al., 2019). Nevertheless, vascular compression could be considered as a dynamic
form of compression. An abnormal chronic pulsatile pressure against the SN can
press and occlude the SN vasa nervorum leading to microembolic damage (Ringel

et al., 1990; Czihal et al., 2015).

5.3.2. Imaging detection of the suprascapular nerve entrapment at the
suprascapular notch

MRI (Fig. 12) is useful to search for soft tissue pathologies (Katsuura et al., 2019;
Rubin, 2020) within the SSC intervals (Al-Redouan et al., 2021a). A distention
along the course of the SSC can be an indicator of a mass formation (Katsuura et
al., 2019; Rubin, 2020). A narrowing along the course of the SSC can indicate
a surrounding tissue impingement.

Ultrasound is an instant and non-invasive low-cost method for fast screening
of the SSC surrounding soft tissue (Fig. 13). It is an excellent tool for fellow-ups
screening (Kim et al., 2009; Leider et al., 2021). The SSN stenosis can be assessed
in two views, posterior (Fig. 14) and anterior views (Fig. 15). A decrease
in the superior and/or middle width of the SSN indicates a horizontally oriented
stenosis compressing the SN between the bony margins of the SSN, while
a decrease in the depth of the SSN indicates a vertically oriented stenosis

compressing the SSN against the SSL (Al-Redouan et al., 2021b). Nevertheless,
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classifying the SSN type is essential in this method where Type-IV SSN is
a foramen bordered fully by bone tissues (Fig. 10). A discrete type of the SSN
(Type-V) indicates a higher risk of developing a SNE over time by dynamic
mechanism of SN compression due to the “sling-effect” against the SSL (Al-
Redouan et al., 2021Db).

5.3.3. Surgical treatment of the suprascapular nerve entrapment at the
suprascapular notch

The SN anesthetic block brings a quick short-term pain relief (Chan and Peng,
2011; Fernandes et al., 2012) with reported 85.3% efficacy in acute SN pain
management (Chan and Peng, 2011). Pain recurrence is common and requires
a frequent SN block application (Chan and Peng, 2011). The pulsed
radiofrequency showed more efficacy with longer-term sustainability and requires
less therapeutic sessions (Chan and Peng, 2011; Chang et al., 2015; Vij et al.,
2022). However, this method had showed more aggressive types of post-
procedure complications with recurrent higher intensity pain (Chang et al., 2015;
Vij et al., 2022). Neuromodulation by neurostimulation is used in treatment
of chronic SN pain (Taskaynatan et al., 2012; Ilfeld et al., 2019; Leider et al.,
2021). The pain usually subsides within 1-14 days after the procedure (Ilfeld et
al., 2019). Another recently introduced method in treating SN neuropathy is SN
cryoneurolysis (Gabriel et al., 2019; Leider et al., 2021). These methods are
enhanced when performed under imaging modality-guidance (Laumonerie et al.,
2017; Laumonerie et al., 2018; Ilfeld et al., 2019; Laumonerie et al., 2019a;
Laumonerie et al., 2019b; Leider et al., 2021). The anatomical access to the SN
in these aforementioned procedures includes posterior and anterior approaches
(Chan and Peng, 2011; Leider et al., 2021). The posterior approach leads through
the SUPF either by utilizing the spine of the scapula as the guided landmark under
imaging guidance (Yildizgoren et al., 2020; Leider et al., 2021) or blindly

(Laumonerie et al., 2019b). The anterior approach comprises the supraclavicular
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approach, the subomohyoid approach, and the retroclavicular approach (Chan and
Peng, 2011; Kamal et al., 2018).

Surgical treatment is indicated when detecting a reversible pathoanatomical
SNE (Strauss et al., 2020; Al-Redouan et al., 2021a; Al-Redouan et al., 2021b;
Leider et al., 2021; Al-Redouan et al., 2023).

Two main imaging-guided surgical procedures: (1) aspiration and
(2) arthroscopic decompression. Percutaneous aspiration is an effective procedure
in draining cysts (Chiou et al., 1999). However, ganglionic cysts tend to be
recurrent in majority of the cases (Phillips et al., 2018). On the other hand,
arthroscopic decompression procedures showed better long-term resolution
(Lafosse et al., 2007; Chan and Peng, 2011; Leider et al., 2021).

Two surgical approaches are performed in open surgical SNE
decompression (Leider et al., 2021). The posterior surgical approach is through
the SUPF by splitting the trapezius muscle and the SUPM which gives access
to the SSL for its decompression by ligamentectomy (Lafosse et al., 2007; Leider
et al., 2021). The anterior surgical approach is through the omoclavicular triangle
(Shupeck and Onofrio, 1990; Tender et al., 2006; Elzinga et al., 2016; Leider et
al., 2021; Maurya et al., 2021), which gives access to the SN as it emerges from
the brachial plexus prior to the SSN (Leider et al., 2021; Al-Redouan et al., 2023).

The arthroscopic approach utilizes multiple portals (Leider et al., 2021).

In this thesis we have illustrated the inevitability of osteoplasty when
the SN is compressed by bone margins and would not be released by a SSL
resection (Al-Redouan et al., 2021b). Agrawal (2009) had illustrated
an arthroscopic resection of a SSN composed of a foramen type where they
resected the superior bony margin of the SSN. We also suggest assessing
the OMHM and assessing its insertion after SSL radical resection. In addition,
the SUBM can cause dynamic compression which may require an additional

surgical intervention.
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6. Conclusion

The SSC was identified and studied through cadaveric dissections and imaging
methods observation with emphasis on the SSN. The shortage in the relevant
terminology and nomenclature was absolved by applying the consensus method
of Delphi. The new and revised terms were then proposed for incorporation
into the anatomical and clinical practice. The SSN morphology was observed
in detail. The SSN types were classified through dry bones observation and
measurements analysis. The morphological pattern of the SSN stenosis was
established and the risk of stenosis by type was achieved. The etiologies and
mechanisms of the SNE were sorted and categorized by anatomical sites
in relation to the SSN topography. The SSN topography and contents were studied
and detailed with elaboration on its clinical significance in the diagnostics and
surgical applications. The MRI and ultrasound of the SSC with emphasis
on the SSN was evaluated in regard to their efficiency to expose the anatomical
boundaries of the topographical spaces. Ultrasound protocol of the SSN was
introduced showing an optimal up-to-date state of anatomical visualization.
We proposed an ultrasound procedure with potentials to detect a suspected SSN
stenosis. The current SNE conservative and surgical treatment methods were
discussed through literature survey and correlated to our collective findings.
The SSN should be examined by its morphological type and the underlying
anatomical cause of compression should be relieved surgically. SSN stenosis is
a critical diagnostic measure. Pain management in SNE will not maintain full
motor recovery. Enriched knowledge of the SSN morphological variation would

enhance the surgical approaches and the procedure planning.
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7. Summary of dissertation findings

7.1. Suprascapular notch morphology

The suprascapular notch (SSN) was classified into five SSN types based on its
morphometric measurements (Fig. 10): Type-I (depth larger than superior width),
Type-II (depth equal to superior width), Type-III (superior width larger than
depth), Type-1V (foramen), Type-V (discrete).

The suprascapular ligament (SSL) i1s composed of dense collagen fibers
with an admixture of elastic fibers, and can be ossified partially or completely.
It appears thin-rounded, or fanned from medial to lateral. An internal variant
ligament can occur splitting the SSN into internal compartments. The SSN can be
covered by a delicate fibrous membrane pierced by the SN.

The suprascapular nerve (SN) runs within the SSN while the suprascapular
artery (SA) and the suprascapular vein (SV) course either externally outside the
SSN above the SSL or internally inside the SSN below the SSL in different nine
combinations (Fig. 9): (1) single external SA and SV, (2) single external SA and
single internal SV, (3) duplicated SA and SV — one external SA and SV with one
internal SA and SV, (4) duplicated SV — single external SA and SV with one
internal SV, (5) single internal SA and SV, (6) duplicated SV — single internal
SA and SV with one external SV, (7) tripled SV — single internal SA and two SV
with one external SV, (8) duplicated SV — single external SA and two SV, and
(9) duplicated SA — two external SA with single internal SV.

The supraspinatus muscle (SUPM) runs parallel to the SSL forming
an opening above the SSN where SA and SV can pass through in some cases. The
subscapularis muscle (SUBM) superior margin runs below the SSN, or covers its
anterior surface partially or completely. The omohyoid muscle (OMHM) inserts
on the medial peak of the SSN and its insertion can extend onto the SSL partially
or completely. The subclavius posticus muscle (SPM) is a rare variant and can
insert onto the SSL. Another rare small thin muscle can occur internally within

the SSN.
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7.2. Suprascapular nerve anatomical entrapment etiologies

Two pathoanatomical mechanisms contribute to suprascapular nerve entrapment
(SNE) syndromes: (1) SSN stenosis due to reduced internal space of the SSN
boundaries or due to a space occupying structure; and (2) SN dynamic
compression by any adjacent structure with an inherent strenuous mobility.
The SNE can occur at three anatomical localizations in relation to the SSN
topography by differing etiologies (Fig. 3). At the SSN pre-entrance space by: (1)
retroclavicular SN tension due to chronic heavy loads (bags’ belt) or shoulder
dystonia; (2) soft tissue impingement due to tumors (neuroma), ganglion cyst,
a variant muscle (SPM) or a varying muscle size (hypertrophic superior margin
of the SUBM); (3) scar tissue adhesions due to adjacent bone fracture or post-
inflammatory processes in SUPM and fascia tears. Within the SSN by:
(1) a decreased SSN space capacity due to SSN stenosis or a space occupying
variant structure (internal ligament or vessel); (2) dynamic compression
by the SSL (the “sling-effect”) or by a vessel causing an abnormal chronic
pulsatile pressure. At the post-SSN space by: (1) fibrous adhesions of the fascia
due to SUPM trauma; (2) SN traction in rotator cuff tears and sports injuries; and
(3) dynamic compression due to chronic episodic muscular impingement or
vascular compression due to tortuous and dilated (varicose) veins.

7.3. Suprascapular notch stenosis detection

SSN stenosis progresses in three morphological patterns (Fig. 10): (1) vertical
SSN stenosis compressing the SN by the SSL against the underlying SSN
structures; (2) horizontal SSN stenosis compressing the SN between the medial
and lateral bone margins; and (3) mixed form of SSN stenosis where the SSL and
bone margins are both involved.

SSN Type-V and Type-III are at higher risk of SSN stenosis. Ultrasound
assessment of the SSN by measuring its depth, superior width, and middle width
1s proposed as a SSN stenosis diagnostic algorithm (Fig. 14,15). Three imaging
modalities: (1) 3D-CT reconstruction for visualizing the SSN type; (2) MRI for
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soft tissue evaluation; and (3) ultrasound for SSN morphology and topography
screening.

We provide three sonographical views: (1) superior-sagittal approach
projecting an oblique longitudinal view of the SSC (Fig. 13); (2) posterior-frontal
view projecting the SSN space from its posterior surface (Fig. 14); and (3)
anterior-frontal view projecting the SSN space from its anterior surface (Fig. 15).
7.4. Suprascapular nerve surgical release
A ligamentectomy would release an entrapped SN compressed by the SSL,
osteoplasty is inevitable when the SN 1s compressed by bone tissues. Conservative
treatment will manage to relieve the manifested pain but would fail to recover
the motor function of the SUPM and infraspinatus muscle (INFM), if
the compressed SN is not anatomically released. Ultrasound and fluoroscopy are
excellent image-guidance modalities for the SN access in anesthesiology as well
as arthroscopic procedures.

The SN block i1s approached by: (1) the posterior approach through

the SUPF; or (2) the anterior approach including supraclavicular, subomohyoid,
and retroclavicular approaches.
Two surgical approaches are performed in open surgical decompression:
(1) the posterior surgical approach through the supraspinous fossa (SUPF)
to access the SSL; or (2) the anterior surgical approach through the omoclavicular
triangle to access the SN at its emerging site from the brachial plexus.

The arthroscopic surgical approaches utilize multiple portals:
(1) the posterior portal placed under the base of the acromion for initial
inspection; (2) the lateral subacromial portal is then placed for visualization and
guidance through the structures; (3) the anterolateral portal is placed to perform
a bursectomy and navigate to the base of the coracoid process; (4) the Neviaser
portal (a superior medial portal inserted underneath the acromioclavicular joint)
is placed to bluntly dissect and transect the compressing structures; and (5) the SN

portal is placed to verify the mobility of the released SN.
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8. Summary of dissertation findings in Czech

8.1. Morfologie incisura scapulae

Incisura scapulae (SSN) byla na zédkladé morfometrickych méteni klasifikovana
do péti typil (Obr. 10): Typ-I (vysSka vétsi nez horni §itka), Typ-1I (vySka rovna
horni $§ifce), Typ-IIl (horni Sitka vétsi nez vyska), Typ-IV (otvor), Typ-V
(drobna).

Ligamentum transversum scapulae superius / ligamentum suprascapulare
(SSL) je slozeno z hustych kolagennich vlaken s piimési elastickych vldken
a mize byt Castecné nebo uplné osifikovano. Tvarové je mediolateralné slabé
zaoblen¢ nebo véjitovite. Rovnéz miize byt ptitomen piidatny nekonstantni vaz,
rozdé&lujici SSN na mensi vnitini oddily. SSN miize byt pokryta jemnou vlaknitou
blanou, jiZ prorazi nervus suprascapularis (SN).

SN bézi skrz SSN, zatimco arteria suprascapularis (SA) a vena
suprascapularis (SV) probihaji bud’ mimo SSN nad SSL nebo uvniti SSN pod
SSL, a to v deviti riznych kombinacich (Obr. 9): (1) jedna SA a SV vné, (2) jedna
SA vné€ a jedna SV uvnitt, (3) dvojita SA a SV — jedna SA a SV vné s jednou SA
a SV uvnitt, (4) dvojitd SV — jedna SA a SV vné s jednou SV uvnitt, (5) jedna SA
a SV uvnitt, (6) dvojitd SV — jedna SA a SV uvnitt s jednou SV vné, (7) trojita
SV —jedna SA a dvé SV uvnit a jedna SV vng¢, (8) dvojitd SV — jedna SA a dvé
SV vné (9) dvojita SA — dvé SA vné a jedna SV uvnitf.

Musculus supraspinatus (SUPM) bézi soubéZzn€ s SSL a tvofi otvor
nad SSN, kudy v nékterych pfipadech mohou prochézet SA a SV. Horni okraj
musculus subscapularis (SUBM) probiha pod SSN a ¢astecné nebo tplné pokryva
jeho povrch. Musculus omohyoideus (OMHM) se upina na medidlni vrchol okraje
SSN a jeho tpon muze ¢astecné nebo Upln¢ zasahovat az na SSL. Musculus
subclavius posticus (SPM) je vzacny variabilni sval a mlzZe se upinat na SSL.

Dalsi vzacny maly uzky sval se mliZze vyskytovat uvnitf samotné SSN.
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8.2. Pri¢iny anatomického ttlaku nervus suprascapularis
K syndromu utlaku nervus suprascapularis (SNE) pfispivaji dva strukturdlni
mechanizmy: (1) z0Zeni (stendéza) SSN v disledku zmenSené¢ho wvnitiniho
prostoru SSN nebo v disledku struktury zabirajici ¢ast tohoto prostoru; a
(2) dynamicky utlak SN jakoukoli pfilehlou strukturou s vlastni obtiZznou
pohyblivosti. SNE se mizZe vyskytovat ve tfech anatomickych umisténich
ve vztahu k topografii SSN a raznym pfi¢inam jejiho vzniku (Obr. 3).
V ptedvstupnim prostoru SSN: (1) retroklavikularni napéti SN v disledku
chronické tézké zatéZze (popruhy batohu) nebo dystonie ramen; (2) utlak
(impingement) mékkych tkani v disledku nadoru (neurom), gangliové cysty,
variabilniho svalu (SPM) nebo proménlivé velikosti svalu (hypertroficky horni
okraj SUBM); (3) sristy (adheze) jizevnate tkan€ v diisledku zlomeniny sousedni
kosti nebo pozanétlivych déji v SUPM a trhlinach jeho fascie. V ramci SSN:
(1) sniZzena prostorova kapacita SSN v disledku zazeni SSN nebo nekonstantni
struktury zabirajici ¢ast prostoru (vnitini vaz nebo céva); (2) dynamicky utlak
pomoci SSL (,,smyckovy uéinek*) nebo cévou zpiisobujici abnormalni chronicky
tlak svym tepen. V prostoru po vystupu z SSN: (1) vazivové srlsty fascie
v disledku poskozeni SUPM; (2) pfetazeni SN u natrzeni rotatorové manzety
a sportovnich zranéni; a (3) dynamicky utlak v dasledku chronického
epizodického svalového utlaku (impingementu) nebo cévni utlak v disledku
klikatych a roz§ifenych (varikoznich) Zzil.
8.3. Odhaleni ziZené incisura scpaulae
ZuzZeni (sten6za) SSN se vyskytuje ve tfech morfologickych vzorech (Obr. 10):
(1) svislé zazeni SSN utlacujici SN pomoci SSL proti zdkladnim strukturam SSN;
(2) vodorovné zuzeni SSN utlacujici SN mezi medidlnim a lateralnim okrajem
kosti; a (3) smiSend forma zizeni SSN, v niZ jsou zahrnuty okraje kosti i SSL.
SSN typu V a typu III jsou vystaveny vySSimu riziku ziZeni SSN.
Ultrazvukové hodnoceni SSN métenim jeji hloubky, horni §itky a stfedni Sitky je

navrzeno jako diagnosticky algoritmus pro odhaleni zazeni SSN (Obr. 14,15). Tti
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zpusoby zobrazeni zahrnuji: (1) 3D-CT rekonstrukce pro stanoveni typu SSN; (2)
MR pro hodnoceni mékkych tkani; a (3) ultrazvuk pro hodnoceni morfologie a
topografie SSN.

Lze vyuzit tfi ultrazvukové pfistupy: (1) pfistup shora a sagitalné
poskytujici Sikmy podélny pohled na SSC (Obr. 13); (2) zadni a frontalni ptistup
poskytujici pohled na prostor SSN z jeho zadni strany (Obr. 14); a (3) ptedni a
frontalni pfistup poskytujici pohled na prostor SSN z jeho ptedni strany (Obr. 15).
8.4. Chirurgické uvolnéni nervus suprascapularis
Pretéti SSL (ligamentektomie) uvolni uvéznény SN utlaceny vazem, zatimco
osteoplastika je nevyhnutelna, je-li SN utla¢en kostnimi tkanémi. Konzervativni
1é¢ba dokaze zmirnit bolestivé projevy, ale nepodafi se obnovit motorickou funkci
SUPM a musculus infraspinatus, pokud neni utlateny SN anatomicky uvolnén.
Ultrazvuk a skiaskopie jsou vynikajicimi zobrazovacimi metodami pro pfistup
k SN v anesteziologii 1 pti artroskopickych vykonech.

K blokad¢ SN se ptistupuje: (1) zadnim ptistupem skrz fossa supraspinata

(SUPF); nebo (2) piedni ptistupem véetné supraklavikularniho, subomohyoidniho
a retroklavikularniho pfistupu.
K oteviené chirurgické dekompresi Ize vyuzit dva chirurgické ptistupy: (1) zadni
chirurgicky pftistup skrz SUPF pro pftistup k SSL; nebo (2) pfedni chirurgicky
pfistup skrz trigonum omoclaviculare k SN v misté jeho odstupu z plexus
brachialis.

Artroskopické ptistupy vyuzivaji vice porti: (1) zadni port umistény
pod zakladnou nadpazku (basis acromii) pro poc¢atecni kontrolu; (2) lateralni
subakromidlni port je uren pro oziejméni a navadéni skrz daldi struktury;
(3) anterolateralni port slouzi k provedeni burzektomie a navadéni k zakladné
zobdkovit¢ho vybézku lopatky (basis processus coracoidei scapulae);
(4) Neviaseriv  port (horni medialni port vlozeny pod articulatio
acromioclavicularis) je urCen k tupé preparaci a pretéti utlaCujicich struktur; a

(5) port SN je umistén pro ovefeni pohyblivosti uvolnéného SN.
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