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Supraskapularni neuropatie

Suprascapular neuropathy

Abstrakt

Supraskapuldrni neuropatie je vzacny Uzinovy syndrom projevujici se bolesti zadni ¢asti ramene
a slabosti abdukce a zevnf rotace paze. Kompletni symptomatika je vyjadfena u postizeni kmene
nervu v oblasti incisura scapulae ¢i u poulrazovych |ézi. Izolovana atrofie musculus infraspinatus
s omezenim zevni rotace paze vznikd pfi kompresi distalni ¢asti nervu paralabrdlnf cystou nebo
u chronického pretézovani horni koncetiny v abdukci, typicky u vrcholovych hracl volejbalu ¢i
tenisu. Zlatym standardem v potvrzeni diagndzy je jehlova elektromyografie. V naprosté vétsine
pfipadd dostacuje konzervativnilécba. U 20 % pacientd je indikovana operacni dekomprese nervu
vedouci u vétdiny pfipadd k Ustupu bolesti a zlepsenf svalové sily.

Abstract

Suprascapular neuropathy is a rare compressive neuropathy manifested by dorsal shoulder pain
and weakness of shoulder abduction and external rotation. Complete symptoms are expressed in
nerve compression under the suprascapular notch or in post-traumatic lesions. Isolated atrophy
of the infraspinatus muscle with weakness of external rotation of the shoulder occurs in cases of
compression of the distal part of the nerve by a paralabral cyst or in repetitive overhead activities,
typically in elite volleyball or tennis players. Needle electromyography remains the gold standard
in confirming diagnosis. In the vast majority of cases, conservative treatment is sufficient. In 20% of
patients, surgical decompression of the nerve is indicated, leading in most cases to pain relief and
improvement in muscle strength.
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Uvod Hluboka dorzélni omalgie je velmi ¢asty

Supraskapuldrni neuropatie (SN) je vzacny
uzinovy syndrom popsany poprvé Thomp-
sonem a Kopellem roku 1959 [1]. Aiello et al
popsali v roce 1982 izolované postizeni
distalni vétve n. suprascapularis (NSS) prom.
infraspinatus [2]. PGvodné se jednalo o dia-
gnodzu per exclusionem, s rozvojem zobra-
zovacich a elektrofyziologickych technik se
tato entita dostava v poslednich dvou deka-
dach do popredf jako jedna z pficin chronic-
kych bolesti ramene.

pfiznak vznikajici z mnoha pfricin. Nejcas-
téji k ni dochazi pfi patologiich ramenniho
kloubu nebo svalové dysbalanci. Vzdy je po-
treba vyloucit i radikulopatii C5 a C6, event.
i C4. Na diagndzu SN je vsak potfeba mys-
let pfi soucasné atrofii lopatkovych svald, ke
které dochézi asi v 80 % pripadd. SN je zod-
poveédnd az za 4,3 % bolesti ramene [3].
Castou pfi¢inou SN je ruptura rotato-
rové manzety. Nejcastéji vsak vznika trakef ¢i
chronickou mikrotraumatizaci pfi sportech,

u nichz dochézi k pretézovani koncetiny nad
drovni hlavy. Rizikem je rovnéz osifikace lig.
transversum scapulae ¢i specifické pfriciny
jako kostnf tumor ¢i cysta vznikld nasledkem
labropatie ¢i poranéni kloubniho pouzdra.
MU0zZe byt rovnéz soucasti brachidlni neuri-
tidy ¢i vzniknout v rdamci zlomeniny lopatky,
poranéni plexus brachialis ¢i izolovaného
penetrujictho poranéni [4].

Cilem sdélent je nejen pfinést soudoby li-
terarni pohled na danou problematiku, ale
i zvysit povédomi o této relativné vzacné pfi-
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Obr. 1. Anatomie n. suprascapularis

a schéma utlaku vétve pro m. infraspina-
tus o hranu spinoglenoidélni brazdy po
retrakci mm. spinati pfi rupture rotatorové
manzety (Sipka). Prevzato z [9], upraveno.
1 — m. infraspinatus; 2 — m. supraspinatus;

3 - lig. transversum scapulae; 4 - n. supra-
scapularis; 5 - incisura scapulae; 6 - spino-
glenoidalni brazda

Fig. 1. Suprascapular nerve anatomy and
the scheme of infraspinatus branch com-
pression against the edge of the spino-
glenoid notch after retraction of spi-

nati muscles during rotator cuff rupture
(arrow). From [9], modified.

1 —infraspinatus muscle; 2 — supraspinatus
muscle; 3 — suprascapular ligament;

4 — suprascapular nerve; 5 - suprascapular
notch; 6 - spinoglenoid notch

¢iné chronickych bolesti ¢i slabosti ramen-
niho pletence.

Anatomie nervus suprascapularis
Nervus suprascapularis vznika typicky z ko-
rend C5-6, v pfipadé prefixovaného typu
plexus brachialis dostava vidkna v 18-63 %
i z kofene C4 [5]. Kmen nervu odstupuje
z truncus superior pazni pletené a bézi
podél m. omohyoideus az do incisura scapu-
lae lezici na margo superior lopatky medialné
od baze processus coracoideus, asi 3cm me-
didIné od tuberculum supraglenoidale. Inci-
sura je kryta kranialné lig. transversum sca-
pulae. Nerv bézi pod ligamentem, zatimco
doprovodnd a. suprascapularis bézi nad nim.
V oblasti incisury vydava nerv obvykle dveé
vétve prom. supraspinatus a u témef 90 %
populace i artikuldrni senzorickou vétvicku
pro ramenni kloub. Jen asi v 30 % pfipadd
inervuje rovnéz kGzi nad horni polovinou
lopatky. Kmen nervu déle bézi kaudo-late-

ralné pres fossa supraspinata, kde vydava asi
u tif ¢tvrtin populace dalsi senzorickou (akro-
mialnf) vétev pokracujici do oblasti Uponové
slachy m. infraspinatus. NSS poté probiha ve
spinoglenoidélni brazdé pod variantnim lig.
spinoglenoidale pfitomnym asi u 60 % po-
pulace [6]. Poté obtédci spina scapulae, do-
stava se do fossa infraspinata, kterou bézi
medidlné, a vydava dvé a7 tfi vétve prom. in-
fraspinatus (obr. 1) [7-9].

Musculus supraspinatus je zodpoveédny
za prvnich asi 30° abdukce paze. M. infra-
spinatus umoznuje ptiblizné 75 % sily jeji
zevni rotace. Samostatné se uplatiuje pfi
koncetiné v neutrdlnim postaveni, zatimco
druhy, mnohem slabsi, zevni rotatorm. teres
minor je Ucinny zejména pfi koncetiné v 90°
abdukci [10].

Proximalni postizeni

Nejcastéjsi pricinou Utlaku kmene NSS je
ruptura rotatorové manzety s retrakci prasklé
Uponové slachym. supraspinatus, ktera
zpUsobuje natazeni prvni motorické vétve
prom. supraspinatus a komprimuje kmen
nervu proti kostni hrané v incisura scapu-
lae [9]. Neuropatie mUze vznikat u speci-
fickych ¢innosti pfi noseni tézkych bfemen
pfes rameno [11] ¢i chronickym pretézova-
nim koncetiny. Raritné mlze byt hodnocena
i jako nemoc z povolani [12,13]. Vlastni uzi-
novy syndrom s kompresi kmene NSS v in-
cisura scapulae pod lig. transversum scapu-
lae je méné casty. Pficinou byvaji osifikace
hypertrofického vazu ¢i opakované pohyby
s koncetinou v abdukci [9].

Utlak kmene NSS pdsobi dominantné iri-
tace v oblasti senzorické inervace nervu
- bolesti vystfelujici nad horni ¢asti lo-
patky do ramene. Dochézi k atrofii a osla-
beni oboumm. spinati s omezenim abdukce
a zevni rotace ramene [4].

Distalni postizeni

Izolované postizeni terminalnf vétve pro
m. infraspinatus v ryze za spina scapulae (spi-
noglenoid notch) je ¢astéjsi nez proximalnf
léze. Dochazi k nf opét pfi ruptufe rotdto-
rové manzety s retrakcf jednoho nebo obou
mm. spinati s kompresi nervu o hranu spi-
noglenoidalni brazdy (obr. 1). Nerv mize byt
také utlacen hypertrofickym lig. spinogle-
noidale pfi chronickém pretéZzovani konce-
tiny v abdukci a vnitfnf rotaci [4] ¢i opakova-
nym Utlakem excentricky kontrahovanym m.
infraspinatus béhem specifickych pohyb.
K Utlaku mtze dojit i paralabralni cystou
vzniklou v rdmci defektl labrum glenoidale

(obr. 1) [14]. V klinickém obraze je vyjadiena
izolovana atrofie m. infraspinatus s omeze-
nim zevni rotace paze.

Nélez distalni SN trakéné-kompresivni
etiologie je viak tradi¢né spojovan se sporty,
u nichZ je nadmeérné pouzivana hornf kon-
Cetina v abdukci a zevni rotaci. Nejcastéji je
popisovana u vrcholového volejbalu, méné
¢asto u hracd tenisu, badmintonu ¢i base-
ballu, u plavcl, ostépart ¢i vzpéracl [4]. Byla
popsdana i kazuistika SN vzniklé u atleta pro-
vadéjiciho shyby na hrazdé [15]. Izolovana
atrofie m. infraspinatus s oslabenim zevni ro-
tace bez subjektivniho sportovniho ome-
zeni byla nalezena aZ u 33 % elitnich volej-
balistd [16]. Bylo prokazano, Ze incidence SN
je u téchto hracd spojena s typem podani.
Historické vysoké hodnoty byly popisovany
v dobg, kdy se dominantné pouzivala tech-
nika plachticiho podani (bez rotace mice).
Pfi ném je mi¢ udefen velmi ostfe palco-
vou Castf ruky. Béhem uderu je rameno za-
staveno okamzité po kontaktu s micem. Této
rychlé decelerace je dosazeno velmi inten-
zivni excentrickou kontrakcim. infraspinatus,
kterd zpUsobuje kompresi NSS proti spino-
glenoidalInf ryze [14,17]. V poslednich dvou
dekadach doslo ke zménam v technice to-
hoto sportu. Jednou z nich byl pfiklon k roto-
vanému podani. U néj je mi¢ udefen rozevre-
nou dlanf, pficemz koncetina po Uderu jesté
chvili pokracuje ve smeéru letu mice. V elitni
tfidé je plachtici podanf vestoje pouzivano
v 1-4 % a pouzitf jeho varianty ve vyskoku
je udavano ve 22-47 %. Podani s vrchni ro-
taci v soucasnosti pouziva asi polovina zen
a 77 % muzl (obr. 2) [18]. Incidence hypotro-
fiem. infraspinatus tak v souc¢asnosti ¢ini 9 %
umuzskych a 12 % u zenskych hracd elitntho
volejbalu [17].

Diagnostika
Kromé anamnestickych dat (vrcholovi spor-
tovci — volejbal, tenis apod., pracovnici chro-
nicky pretézujici koncetinu v abdukci, nosici
tézkych brfemen) je dllezité klinické vyset-
feni. To prokaze pfipadnou atrofii jednoho
nebo oboumm. spinati a omezeni zevni ro-
tace a eventudlné i inicidlni fazi abdukce
koncetiny. Pii podezieni na proximalni SN je
bolest vyvoldna ¢i zesilena addukci extendo-
vané koncetiny [4]. Klinicky se uplatriuje hod-
noceni dle Constanta a Murleye (1987). Abso-
lutni skére 0-100 (norma) je dano souctem:
1. bolest (0-15); 2. funkce (0-20); 3. bezbolestny
rozsah pohybu (0-40) a 4. sila (0-25) [19].
Zasadnf roli v diagnostice hraje vysetfenf
MR. V pfipadé piitomnosti dlouhodobych
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Obr. 2. Volejbalové rotované podani.
Extrémni zevni rotace ramene pii abduko-
vané pazi. Pfevzato z [18].

Fig. 2. Volleyball topspin serve. Extreme
external rotation of the shoulder with
abducted arm. From [18].

omalgif (nejen izolované atrofie m. infraspi-
natus u rizikovych skupin) je z diferencidlné-
diagnostickych divodd vhodné indikovat
zobrazeni kr¢nf patefe k vylouceni mnohem
Castéjsi korenové komprese C5. Pfi negativ-
nim nélezu, resp. primarné pfi jasném Urazo-
vém mechanizmu (podezfeni na poranéni
svalstva ¢i vaz ramenniho pletence), je pro-
vedeno vysetfeni MR ramene. To umoznuje
nejen zobrazeni atrofie svald, ale i denervac-
nich signédlovych zmén. V akutnim a suba-
kutnim stadiu Ize prokdzat zvyseny signal
na T2 vazenych fezech (obr. 3) nebo sekven-
cich STIR (short-tau inversion recovery) jako
obraz neurogenniho edému, v chronickém
stadiu je pak prokazatelna tukova prestavba
svalu projevujici se zvysenym signdlem na
T1 vazenych obrazech nebo speciélnich sek-
vencich jako TSE (turbo spin echo) T2 obra-
zech (obr. 4) [20]. MR navic mUze prokézat
specifickou pficinu komprese (cysta, tumor)
a stav rotdtorové manzety s eventualni me-
didIni retrakci lopatkovych svall [21]. K de-
tekci ruptury rotdtorové manzety Ize vyuzit
i vydetfenf UZ [22].

U kazdého pacienta stézujiciho si na trva-
lou bolest v zadni ¢asti ramene, u kterého je

Obr. 3. Rozsahla |éze rotatorové manzety u 46letého pacienta po Urazu ramene. T2 va-
zené obrazy. (a) Koronarni fez, paralabralni cysta propagujici se do fossa supraspinata
i do spinoglenoidalni brazdy. (b) Sagitalni fez, hypersignalni ndlez v obou mm. spinati

odpovidajici akutnim denerva¢nim zménam.

1 —m. supraspinatus; 2 — m. infraspinatus; 3 — spina scapulae; 4 — spinoglenoidalni brazda
Fig. 3. Extensive rotator cuff lesion in a 46-year-old male patient after a shoulder injury.
T2 weighted images. (a) Coronal cut, paralabral cyst propagating into the supraspi-
nous fossa and spinoglenoid notch. (b) Sagittal cut, hypersignal finding in both spinati
muscles corresponding to acute denervation changes.

1 = supraspinatus muscle; 2 — infraspinatus muscle; 3 — scapular spine; 4 — spinoglenoid notch

zjistitelnd atrofie lopatkovych svald a/nebo
zndmky jejich denervace na MR ¢i pfi na-
lezu masivni ruptury rotatorové manzety, by
meélo byt provedeno elektrofyziologické vy-
setfeni. K verifikaci SN je provedena jehlova
EMG prokazujici fibrilace ¢i pozitivni ostré
viny a nervové kondukeni studie s nélezem
snizené amplitudy motorického akéniho po-
tencidlu a prodlouzené distalni motorické la-
tence. Normalni hodnota distalni motorické
latence vm. supraspinatus pfi stimulaci Er-
bova bodu je 2,7 ms £ 0,5 a vm. infraspi-
natus 3,3 ms + 0,5. Pro diagndézu NS svédci
stranova diference > 0,4 ms [4]. Dle souhrnu
literatury byla EMG vyuzita v diagnostice
u 94 % pacientd, pficemz 85 % z téchto pfi-
padd mélo pozitivni nalez. Negativni nalez
vsak diagndzu SN nevylucuje [3]. Shah et al
popsali ve své sérii tfi pacienty s negativnim
elektrofyziologickym vysetienim, ktefi méli
Ustup bolesti po flouroskopicky navigova-
ném obstiiku kmene NSS [23]. Autofi tak do-
porucuji provadét takovy diagnosticky blok
ve vsech nejasnych pripadech SN [3].

Diferencialni diagnostika

Vyjma jednoznacnych Urazovych lézi (ma-
sivni ruptura rotdtorové manzety s akut-
nim uskrinutim NSS vlivem retrakce lopat-
kovych svalU, fraktura lopatky ci léze plexus
brachialis) je pro SN vzniklou v rdmci Uzino-

Obr. 4. Tézka tukova prestavba obou mm.
spinati u 75leté pacientky s dlouhotrvajici
|ézi rotdtorové manzety. Turbo spin echo
T2 vazeny sagitalni obraz.

1 —m. supraspinatus; 2 — m. infraspinatus;

3 —spina scapulae

Fig. 4. Severe fatty changes in both spinati
muscles in a 75-year-old female patient
with chronic rotator cuff lesion. Turbo
spin echo T2 weighted sagittal images.

1 = supraspinatus muscle; 2 — infraspinatus
muscle; 3 — scapular spine

vého syndromu ¢i nasledkem chronického
pretézovani typicky dlouhy rozvoj pfiznakd.
Z diferencidlné-diagnostického hlediska je
tedy nutné odlisit akutné vzniklou ,mono-
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neuropatii’ NSS v rdmci amyotrofické neu-
ralgie brachidlniho plexu (neuritis brachialis,
Parsonage-TurnerQv syndrom) [24]. Etiolo-
gie syndromu je nejasnd, nejcastéji se ho-
vori o reakci na prodélanou virovou infekci
dychacich cest ¢i recentni vakcinaci. Kromé
idiopatické formy existuje i vzacna varianta
hereditarni s castymi rekurencemi [25]
a plexopatie paraneoplastickd [26]. Typic-
kym pfiznakem je ndhle vznikld bolest — nej-
Castéji omalgie s propagaci do paze, nebo
bez ni (asi 40 %), cervikalgie s propagaci do
paze (35 %), méné Casto bolesti v oblasti lo-
patky nebo horni ¢asti zad propaguijici se do
paze ¢i prednf ¢asti hrudniku. DalSim pfizna-
kem je ndhle vznikla svalova slabost objevu-
jici se v 70 % pripadl asi dva tydny po roz-
voji bolesti. VV poloviné priznakd se objevuje
izolovana paréza svalstva ramenniho ple-
tence. | kdyZ byva nejcastéji postizen prave
n. suprascapularis, je pfi detailnim klinic-
kém vysetfeni obvykle zjistitelnd léze i jinych
nervy. Kromémm. spinati jsou tak postizeny
im. serratus anterior, deltoideus, vzacnéjiim.
biceps ¢i triceps brachii. U dvou tretin pa-
cientd je postizeni unilateraini, ve zbylé tre-
tiné je pak patrné rlzné vyjadrené bilateraini
postizeni. Asi 80 % pacient udava pares-
tezie ¢i hypestezie, zejména v oblasti del-
tového svalu a zevni plochy paZe. V dia-
gnostice se taktéz uplatiiuje vysetieni EMG
a nervové konduk¢ni studie provedené
3 tydny po vzniku piiznakd prokazujici ty-
picky vicecetné nervové postizenf. Vyuzit Ize
i vySetienf MR s podobnym obrazem v posti-
Zenych svalech jako u NSS. Lécba brachidlni
neuritidy je pouze konzervativni. Prognéza
je obecné dobrd, proximalnf 1éze se obnovf
v 60 % do jednoho roku, celkové Ize navrat
funkce ocekévat u 90 % pripadd do 3 let [27].

Lécba

V ptipadé SN zplsobené rupturou rotato-
rové manzety ¢i Utlakem nervu paralabralnf
cystou je operacni reseni indikovano z hle-
diska osetfeni primarni patologie. Prosta
punkce cysty miZe mit sice okamzity efekt,
k recidivé vsak dochazi v 75-100 % pfipadu.
U ostatnich nélezd je inicidlné vzdy indiko-
vana konzervativni lé¢ba. K té patii primarné
rezimova opatienf (zabrdnénf vyvoldvajic
priciny, omezeni sportu apod.), déle fyzio-
terapie a béznd analgetika. Lécebné Ize rov-
néz vyuzit cilenou blokddu nervu pod RTG
¢i UZ kontrolou. Vyhodou tohoto postupu je
fakt, ze i v pfipadé kratkodobého efektu Ize
tento postup brat jako diagnostické potvr-
zenf mista komprese. Obtize vymizi béhem

6-12 meésicd az u 80 % pacientl. Pfi blo-
kade anestetikem (s depotnim steroidem)
nebo pulzni radiofrekvenci je mozné pou-
Zit klasicky pfistup s lokalizaci nervu v inci-
sura scapulae nebo novéjsi proximalnéjsi
blok na krku pod m. omohyoideus. Vzhle-
dem k tomu, Ze NSS senzitivné inervuje asi
75 % ramenniho kloubu, Ize blokddu provést
kromé podezienf na diagndzu SN i pfi chro-
nickych bolestivych stavech ramene (adhe-
zivni kapsulitida, syndrom zmrzlého ramene
nebo omartréza) [28].

U zbylych pfipadl je u naprosté vétsiny
indikovéna operac¢ni lé¢ba dekompresi NSS
protétim lig. transversum scapulae. Distaln{
SN je dominantné feSena artroskopicky
v rdmci oSetfeni ramennfho kloubu - re-
sekce cysty s pfipadnym oSetfenim vlastni
artropatie [4]. Hlavnim efektem uvolnéni NS
pfi proximalni neuropatii je vymizenf{ bolesti.
Zlepseni funkce m. supraspinatus lze oceka-
vat az u 90 % pacientl, naopak ke zlepsenf
trofiky m. infraspinatus a z toho plynouci
zlepseni zevni rotace paze dochdzi méné
Casto [29].

Momaya et al publikovali systematicky
souhrn literatury tykajici se lé¢by SN. Na-
lezli 276 pacientl s prmérnym vékem 419
(14-85) let, muzi byli postizenf 3x castéji.
Vétsina (59 %) udavala nahly vznik potiZi po
chronickém pretézovani koncetiny v abdukci
pfi praci ¢i sportu, ve 31 % obtiZe vznikly na
zékladé drazu a v 10 % spontanné (idiopa-
ticky). Nejcastéjsim symptomem byla hlu-
bokd dorzalnf bolest ramene (98 %) trvajici
prameérné 19 mésicl pred zapocetim lécby.
Témeér 80 % pacientd vsak meélo i viditel-
nou atrofii jednoho ¢i oboumm. spinati se
zjevnym oslabenim pfi fyzikalnim vysetreni.
Operace umoznila navrat k vrcholovému
sportu v 95 % pripadl (naprosta vétsina byli
volejbalisté, zbytek tvofili plavci, jeden ta-
necnik a ostépar). Komplikace vykonl byly
naprosto raritni (< 1 %). Byla popsana jen po-
vrchova infekce ¢i adhezivni kapsulitida po
artroskopické dekompresi distalni SN [3].

Nejvétsi chirurgickou sérii publikovali
Davis et al roku 2019. Popsali vysledky 112 ar-
troskopicky fesenych SN béhem jednoho
roku (z celkovych 184 operovanych pfipadu).
Vsichni pacienti podstoupili inicidlni kon-
zervativni 1écbu nesteroidnimi antirevma-
tiky a rehabilitaci. U véech byl ndsledné pro-
veden diagnosticky blok NSS. Operace byla
indikovana pfi pozitivnim elektrofyziologic-
kém nalezu a Ustupu bolesti po nervové blo-
kadeé. Autofi prokézali vyrazny Ustup bolesti
i zlepsenf sily postizenych mm. spinati po

dekompresi nervu [30]. V ceské literature své
zkusenosti s operacni lé¢bou 10 pacientl
popsali Kanta et al, ktefi udavaji zlepseni
U 90 % pfipadd po dekompresi NSS v oblasti
incisura scapulae [31].

Jedinou komparativni studii publikovali
Le Hanneur et al, ktefi porovnali skupinu
17 operovanych pfipad( a 25 pacient( Ié-
Cenych konzervativné s diagnézou SN. U na-
prosté vétsiny jejich pacientl byla zazname-
néna denervace v oboumm. spinati, jen u tif
pacient(l byl postizen pouze m. infraspina-
tus a pouze v jednom pripadé bylo zjisténo
izolované postizenim. supraspinatus. | kdyz
autofi prokazali, Ze po prdmérné 11 mési-
cich nebyl zaznamenan rozdil v efektu lécby
mezi operacné a konzervativné lécenymi
pfipady ,mononeuropatie” NSS, je nutno
dodat, ze v 53 % pfipadd byly zjistény ab-
normality i jinych nervi pazni pletené [32].
Lze tak usuzovat, ze vice nez polovina jejich
pacientl byla k dekompresi NSS indikovéana
chybné pfi mozné diagndze amyotrofické
neuralgie brachidlniho plexu.

Zavér

Na SN je potfeba myslet u kazdého pacienta
s chronickymi bolestmi zadni ¢asti ramene
nebo s progredujici slabosti zevni rotace
a eventudlné i abdukce paze. Nejcastéji k ni
dochdzi u chronického pretézovani konce-
tiny v abdukci a zevnf rotaci (vrcholovi spor-
tovci, specifické profese). Dalsi pricinou byva
pfetazeni nervu retrahovanym svalem pfi
ruptufe rotatorové manzety. Naopak vlastnf
Uzinovy syndrom nervu je vzacnéjsi. U vét-
Siny pacientl odezni bolesti ¢i svalova sla-
bost béhem nékolika mésicd trvani konzer-
vativni 1é¢by. Asi 20 % pacientd s Utlakem
nervu je indikovdno k operac¢ni intervendi,
kterd taktéz vede u vétsiny k Ustupu bolesti
a navratu ke sportovnf ¢i pracovni ¢innosti.
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Abstract

The literature describing epidemiology, etiology, and types of serious brachial plexus injuries (BPIs) is sparse. The aim of this
review was to investigate the epidemiological and etiopathogenetical data of serious BPIs undergoing surgical reconstruction. A
systematic search was conducted from January 1985 to December 2017. All studies that reported data about prevalence of
specific types and causes of BPIs in adults treated surgically were included and cumulatively analyzed. Ten studies including
3032 patients were identified. The pooled prevalence of closed BPIs was 93% (95% CI: 87-97%), lacerations accounted for 3%
(95% CI: 1-6%), and gunshot wounds (GSWs) for 3% (95% CI: 0—7%). The prevalence of male patients was 93% (95% CI: 90—
96%) and female cases 7% (95% CI: 4-10%). The most common cause of closed BPI was motorcycle accidents with 67% (95%
CI: 49-82%) prevalence followed by car crashes with 14% (95% CI: 8-20%). Other causes were rare. Ninety percent (95% CI:
78-98%) of patients suffered from a supraclavicular or combined supra-/infraclavicular trauma, while 10% (95% CI: 2-22%)
from isolated infraclavicular injury. The prevalence of complete lesions was 53% (95% CI: 47-58%) followed by upper plexus
lesion with 39% (95% CI: 31-48%) and lower plexus injury with 6% (95% CI: 1-12%). This meta-analysis demonstrates that the
typical patient suffering from severe BPI is a male after motorcycle accident with closed supraclavicular injury causing complete

or slightly less commonly upper plexus palsy. Lacerations and GSWs of brachial plexus are rare.

Keywords Brachial plexus injury - Brachial plexus palsy - Peripheral nerve - Gunshot wound - Epidemiology

Introduction

Brachial plexus injury (BPI) is a relatively rare trauma; how-
ever, it is among the most severe and most mutilating. Thanks
to advances in surgical techniques, a successful reconstruction
of a large number of cases can be achieved. [23, 39] The most
complicated cases, however, remain difficult to treat. [14, 27,
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44] It typically affects young men of working age and can
have serious socioeconomic impact. [1, 26]

BPIs are generally classified according to the level of injury
in relation to the clavicle. Supraclavicular injuries include
supraganglionar (root avulsion or intraforaminal rupture) and
infraganglionar injury (extraforaminal root rupture below the
spinal ganglion or injury of more distal parts of the brachial
plexus). Infraclavicular injuries include trauma of the most
distal parts of the brachial plexus or individual nerves. They
have usually much better prognosis than lesions above the
clavicle. [22]

The basic reference when discussing etiopathogenesis of
BPI has traditionaly been the Swiss study performed by
Narakas who described “the rule of 7 x 70 based on his ex-
perience with a series of 1068 patients (however, only 338
operated cases) during 18-year period [30]: (1) more than
70% of the BPIs were caused by road accidents, (2) of which
70% was an accident on a motorcycle or bicycle, (3) 70% of
the latter group suffered polytrauma, (4) while 70% of them
had supraclavicular lesion, (5) 70% of the patients had at least
one root avulsion, (6) 70% of avulsions were in the lower

@ Springer
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plexus (C7-T1), and (7) 70% of patients with avulsion had
chronic pain. However, this data is more than 30 years old.

There are only a few studies investigating the epidemiolo-
gy and pathophysiology of BPIs in current literature. [13, 19,
28] Awareness about the frequency of severe BPI and its re-
lation to the mechanism of injury in the context of multiple
trauma appears to be crucial for the early detection of the
lesion. Moreover, it is necessary to provide adequate data
about the epidemiology and types of lesions when informing
patients about the natural course and prognosis of the BPI.

The aim of this systematic review is to provide detailed
analysis of epidemiological and etiological data of the current
BPIs undergoing surgical reconstruction. A great disparity was
observed across studies exploring the prevalence of specific
subtypes and causes of BPIs; therefore, this meta-analysis
was performed aimed to explore their pooled prevalence.

Methods
Ethical approval

Ethical approval was not required since this meta-analysis
utilized published data which were already ethically approved.

Search strategy

This study was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines. [29] Electronic databases of PubMed and Scopus
were searched from January 1985 (when Narakas’s study [30]
was published) to December 2017. Instead of using “key
words,” this study used “title” or “abstract,” to enroll more
relevant articles. For example, search terms for the database of
PubMed was “(((brachial plexus injury[Title/Abstract]) OR
brachial plexus palsy[Title/Abstract]) OR brachial plexus
lesion[Title/Abstract]) AND (((((surgical treatment[Title/
Abstract]) OR reconstruction[Title/Abstract]) OR repair
[Title/Abstract]) OR surgery[Title/Abstract]) OR
epidemiology[Title/Abstract]) NOT ((((birth[Title/Abstract])
OR obstetric[Title/Abstract]) OR neonatal[Title/Abstract])
OR case report[Title/Abstract])”. The reference lists for full
articles were also identified in this study.

Eligibility criteria

The inclusion criteria for this meta-analysis were: consecu-
tive case series of adult patients with any type of BPI un-
dergoing surgical repair during a certain period; sample size
>20; provided information at least minimally about one of
the following: the proportion of specific types of BPI
(closed lesions, lacerations, and gunshot wounds—
GSWs), level of closed injuries, clinical extent of the

@ Springer

injuries, and causative mechanism of closed BPIs. The ex-
clusion criteria were: full article not written in English and
reviews, comments, or case reports. Besides, if repeated
data were observed across studies from the same surgical
group/department, only the larger study was included.

Data extraction

Two investigators (RK and AK) independently identified the
eligibility of articles and extracted data from eligible articles.
Any discrepancies between them were resolved by consensus.
Data extracted from eligible articles for this study were: first
author, year of publication, country, total number of cases,
number of male and female patients, mean age, type of BPI-
closed lesions, gunshot wounds (GSWs) and other open le-
sions, level of closed injury (supraclavicular, infraclavicular,
and combined), clinical extent of supraclavicular injury (upper,
lower, and complete plexus palsy), cause of closed BPI (mo-
torcycle, car or bicycle/pedestrian accidents, falls, and others).

Statistical analysis

A random-effects meta-analysis was performed to summa-
rize the proportions and the 95% confidence intervals (CI)
using Metaprop [31] command in the Stata 15.1 (StataCorp
LLC Texas, USA). The inter-study heterogeneity was
assessed using the /* statistic, which quantifies the percent-
age of variation across studies due to heterogeneity rather
than to chance. I> > 25, > 50, and > 75% indicate low, mod-
erate, and high heterogeneity, respectively. [16] The pooled
prevalence of male and female gender and type of BPI
among all operated patients, level of closed BPI, type of
supraclavicular BPI, and cause of closed BPI was assessed.
Publication bias was evaluated using the Egger’s linear test
and a funnel plot for asymmetry was presented. The signif-
icance level was set at p <0.05.

Results
Search results

A total of 1351 articles were yielded by the search strategy
of this study. After removing duplicates, 668 articles were
screened for eligibility. After abstracts screening, 39 full
articles were shortlisted for eligibility. Among the 39 arti-
cles, 20 were excluded for not reporting anything from the
following information: types of operated BPIs, level of
closed injuries, and clinical extent of supraclavicular inju-
ries or cause of closed BPIs. Six were excluded for having a
sample size of less than 20, and 3 were excluded for repeat-
ed data. Finally, 10 eligible articles were included in this
meta-analysis (Fig. 1).
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Fig. 1 Study selection flowchart
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= specific types of BPIs (n = 20)
Sample size <20 (n = 6)
Repeated data (n = 3)
A 4
Studies included in

K quantitative synthesis
3 (meta-analysis)
g (n=10)

Study characteristics

Table 1 shows the characteristics of eligible studies. Ten stud-
ies totalling 3032 patients were identified.

Subgroup analyses

Pooled prevalence of male and female involvement, specific
types of BPIs, and causes are summarized in Table 2. The most
common type was closed traction injury with pooled preva-
lence 93% (95% CI: 87-97%, Fig. 2). Open lesions including
lacerations, sharp, and iatrogenic injuries with 3% (95% CI: 1—
6%, Fig. 3) prevalence and GSWs with 3% (95% CI: 0-7%,
Fig. 4) prevalence were rare. Seven studies (1555 patients)
provided information about number of men and women in-
volved. The pooled prevalence of male patients was 93%
(95% CI: 90-96%) and female cases 7% (95% CI. 4-10%).
The combined male/female ratio is 13.3:1 (95% CI: 9:1; 24:1).

From eight studies (1886 patients), it can be inferred that
the most common cause of closed BPI was motorcycle acci-
dents with 67% (95% CI: 49-82%) pooled prevalence. This
was followed by car crashes with 14% (95% CI: 8-20%) and

“other” mechanisms (occupational or sport injuries, snowmo-
bile accidents etc.) with 10% (95% CI: 3-20%) prevalence.
Bicycle or pedestrian accident accounted for 3% (95% CI: 1—
8%) and falls for 0% (95% CI: 0-2%) prevalence. Eight stud-
ies (1898 patients) provided information about the level of
closed injury. Ninety percent (95% CI: 78-98%) of patients
suffered from supraclavicular or combined supra-/
infraclavicular trauma, while 10% (95% CI: 2-22%) from
isolated infraclavicular injury. Six studies showed data about
the level of supraclavicular injury. The most common type
was complete lesion with 53% (95% CI: 47-58%) pooled
prevalence followed by upper plexus lesion (C5-6 +7) with
39% (95% CI: 31-48%) and lower plexus injury (C8-T1 +
C7) with 6% (95% CI: 1-12%).

Publication bias was not observed in this meta-analysis,
with P value for the Egger’s linear test being 0.158—0.928.
Consistent with the results of Egger’s linear test, the funnel
plots were symmetrical.

The heterogeneity was high within most subgroups.
However, the heterogeneity was moderate when estimating
the pooled prevalence of complete palsies among closed le-
sions (P =52.65%, P=.06).
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Table 2 Pooled prevalence of male and female involvement, specific types of BPIs and their causes

Number of studies Pooled prevalence P value of P value P, %
(95% CI), % Egger’s test  for heterogeneity

Gender Males 7 93 (90-96) 0.327 <0.001 79.27
Females 7 7 (4-10) 0.327 <0.001 79.27

Type of BPI GSWs 10 3(0-7) 0.394 <0.001 96.21
Lacerations 10 3 (1-6) 0.666 <0.001 91.92

Closed lesions 10 93 (87-97) 0.453 <0.001 96.68

Level of closed BPI Supraclavicular injury 8 90 (78-98) 0.928 <0.001 97.65
Infraclavicular injury 8 10 (2-22) 0.342 <0.001 97.65

Type of supraclavicular BPI ~ Upper plexus palsy 6 39 (31-48) 0.244 <0.001 84.57
Lower plexus palsy 6 6 (1-12) 0.556 <0.001 89.64

Complete palsy 6 53 (47-58) 0.928 0.06 52.65

Cause of closed BPI Motorcycle accident 8 67 (49-82) 0.43 <0.001 98.17
Car accident 8 14 (8-20) 0.315 <0.001 92.38

Bicycle/pedestrian acc. 8 3 (1-8) 0.95 <0.001 92.69

Fall 8 0(0-2) 0.158 <0.001 80.64

Other 8 10 (3-20) 0.569 <0.001 97.22

Discussion Although some of the analyzed studies [7, 13] and a se-

This meta-analysis included 10 eligible articles conducted in 8
countries with a total of 3032 participants. To the best of our
knowledge, this is the first systematic review and meta-
analysis to estimate the epidemiological and etiological fac-

tors and specific types of operated BPIs.

Fig. 2 Forest plot showing
prevalence of closed BPIs (n=

2724). For all figures, horizontal

lines denote 95% ClIs; solid
squares represent the point
estimate of each study and the
diamond represents the pooled

estimate of the intervention effect.

The size of the solid squares is
proportional to the weight of the

study

ries of motorcycle-related BPIs from UK [33] showed very

high male predominance (33—47: 1), the pooled male and
female prevalence was 93% (95% CI: 90-96%) and 7%
(95% CI: 4-10%), respectively. The male/female ratio is
therefore 13.3:1 (95% CI: 9:1; 24:1). The mean age varied

between 23 and 34 years. However, we were unable to
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Fig. 3 Forest plot showing
prevalence of open lesions
including lacerations, sharp, and

Proportion meta—analysis plot (random effects)
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calculate the pooled mean age due to missing values of
standard deviation in all studies.

Closed injuries

Etiology of BPI has changed historically from the initial dom-
inance of open war injuries to the present majority of closed

Fig. 4 Forest plot showing
prevalence of GSWs (n=177)
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lesions caused by traction mechanism. [21] The reported prev-
alence of closed BPIs ranged from 72.9% [23] to 99.3% [13]
among eligible studies, and the pooled prevalence is 93%
(95% CI: 87-97%).

The mechanism of closed BPI may be traction, compres-
sion, or a combination of both. The typical traction BPI is
caused by high-energy trauma during traffic accidents. These
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also occur less frequently by falls during winter sports (skiing,
snowboarding) or from a snowmobile. In these accidents, the
head and neck are strongly pulled away from the ipsilateral
arm. Supraclavicular upper BPI usually dominates when the
limb is along the chest and the force acts from above. In these
cases, the first rib transmits forces directly to the upper parts of
the plexus. If the arm is forcibly pulled into the abduction and
extension, the elements of the lower plexus may be affected
too. Complete lesions arise either by severe forces or by a
combination of several different forces during the fall. [28]
The infraclavicular portion of brachial plexus is succeptible
to stretch lesions when skeletal injuries occur in the area.
These lesions typically occur when a 90° abducted arm is
extended behind the frontal plane of the body or in falls with
hyperabducted and internally rotated arm. In these cases, usu-
ally posterior cord or axillary nerve are damaged. [6]

The upper roots are protected against avulsion by dural
sleeves and fibrous connections between epineurium and inter-
vertebral foramina. They have much greater tendency to rup-
ture. Preganglionar lesion of upper roots may be caused either
by rupture or avulsion of C5-6 (C7) roots, while the lower
plexus injury almost always by avulsion of the roots C8-T1.
[15] Ventral roots are shorter than the dorsal ones which make
them more susceptible to rupture. [42] Similarly, motor roots
have fewer fila radicularia and are thinner than their sensation
counterparts; therefore, they rupture more easily. [40]

Epidemiology

Midha stated that the estimated incidence of closed BPIs in the
US is 0.64-3.9/100,000/year. Their prevalence in multitrauma
patients is 1.2%. It is assumed that the BPIs are about 9 times
rarer than spinal cord injury and about 60 times rarer than
brain injury. [28] The incidence of all types of BPIs in the
UK (including minor injuries with spontaneous recovery) is
0.58, [11] in Japan 0.17 to 0.22, [21] in Switzerland 0.3 to
0.75, [30] in the Czech Republic and Slovakia combined 0.2
[19] and conversely in Brazil 1.75 cases/100,000/year. [10]
BPI occurs in 4.2 [28] to 5% [1] cases of multitrauma after
motorcycle accidents, in 3-4.8% after falling while skiing or
snowboarding, respectively, [1, 28] and in 3% after fall from
snowmobile. [41] BPIs account for 6-11% of all operated
lesions of peripheral nerves. [9, 37] They are present in 0.6—
0.7% of the patients with spinal cord injury and these com-
bined lesions that are typically caused by motorcycle acci-
dents (over 70%). [2] On the other hand, 12.2% of patients
with BPI have any type of spinal cord lesion (0.8% complete
spinal cord injury and 1.6% Brown-Séquard syndrome). [32]
Midha published, so far, the largest epidemiological study
including 54 cases of BPI out of 4538 multitrauma patients
(1.2%). BPI was associated with unconsciousness in 72%
(19% in coma), cervical spine fractures in 13%, fractures of
the clavicle, humerus or scapula in 20%, and multiple rib

fractures in 41%. [28] The most common associated injury
in the surgical series was fracture of the upper limb (55%)
followed by spinal injury in 43%. Almost one third of cases
involved at least one of the following: parenchymal organ
injuries, fractures of the lower limbs, or coma.
Approximately 25% of the patients involved at least one of
the following: scapular fractures, severe head trauma, and rib
or clavicle fractures. However, it has been stated that patients
with BPI do not present any “typical accompanying injuries,”
whose presence would be directly pointed to the possibility of
neural structure injuries. Lower and complete lesions are more
often associated with severe polytrauma. [20]

Etiology

The dominant cause of closed BPIs was motorcycle accidents
with 67% (95% CI: 49-82%) pooled prevalence. The mean
speed of the motorcycle at the time of the accident was 88 km/
h (40-193) in the US study, [43] while only 47 km/h (10-120)
in the Indian series. [13] Jain et al. found that the dominant
limb is affected more often in motorcycle accidents, irrespec-
tive of the side of the traffic. [13]

Prevalence of car accidents was 14% (95% CI: 8-20%) and
“other” mechanisms (occupational or sport injuries, snowmo-
bile accidents, fall of an object onto the shoulder or injury
caused by water shot from a fire hose etc.) was 10% (95%
CI: 3-20%). Bicycle or pedestrian accidents and falls were
rare causes. None of the studies provided data about the spe-
cific causative mechanisms of supra- and infraclavicular
closed lesions.

Types of lesions

We performed the calculation of the combined prevalence of
all supraclavicular BPIs because we were unable to extract
exact information about the frequency of supra- and
infraganglionar injuries from most studies. Moreover, com-
bined supra- and infraclavicular injuries were analyzed togeth-
er with isolated supraclavicular injuries due to their similar
pathophysiology and prognosis. The frequency of these le-
sions in closed BPIs requiring surgery ranged between
60.7% [1] and 100%. [7] However, their pooled prevalence
was 90% (95% CI: 78-98%) compared to the 10% (95% CI:
2-22%) prevalence of isolated infraclavicular lesions. This is
in concordance with the results of the recent Bertelli et al.
study about 565 surgically treated brachial plexus stretch
palsies. [4] Although Narakas [30] found 70% prevalence of
these lesions in all his 1068 patients (including cases not un-
dergoing surgery), the higher value in this meta-analysis of
surgical cases may be partially explained by higher tendency
of infraclavicular BPIs to spontaneous recovery. Midha found
that surgical revision was required in 52% of supraclavicular
and in only 17% of infraclavicular lesions in large study of
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multitrauma patients. [28] Although the upper plexus syn-
drome predominated in the traffic accidents victims (73.9%)
[19] and in a series of 13 operated rugby players with closed
supraclavicular BPI (61%), [3] the pooled prevalence of upper
plexus lesion was 39% (95% CI: 31-48%). Supraclavicular
lesion was most commonly associated with complete brachial
plexus palsy with prevalence 53% (95% CI: 47-58%) while
lower plexus injury with 6% (95% CI: 1-12%) prevalence
was rare. It was found, however, that lower plexus palsy is
relatively more frequent in car accidents (9%) and complete
BPIs are not present in injured pedestrians. [28] Data regard-
ing the extent of the infraclavicular BPIs was missing in most
of the studies.

The study about BPIs after traffic accidents showed that
71.8% of patients had at least one avulsion. A total of 26.1%
of the patients had avulsion of all roots or avulsion of the
lower roots, while 45.7% of the patients had avulsion only
in the upper region. [19] The data showed similarity to the
results of the Narakas study, [30] the only major difference
was the reversed frequency of upper and lower avulsions. The
authors hypothetized that this fact could be explained by dif-
ferences in traffic conditions and mechanisms of injury in the
last 20 years and in the period before 3040 years.

It was found that all the passengers wearing seatbelts dur-
ing a car crash suffered from upper BPI on the side where the
seatbelt crossed the shoulder. In contrast, 86% patients with
complete palsy did not wear a seatbelt. Safety belt probably
acts as a tight barrier which compresses the supraclavicular
region. Subsequent traction resulting in sharp depression of
the shoulder and ventro-cranial relative movement of the head
and neck leads to rupture or avulsion of the upper roots. In
cases without the use of belts, more severe BPI is caused
probably by summation of more different forces. [17]

Lacerations

Open BPIs including cut or stab wounds, lacerations, and
iatrogenically caused trauma are uncommon. The pooled
prevalence is 3% (95% CI: 1-6%) of all cases undergoing
surgical repair. They typically affect the infraclavicular region
and are often accompanied by simultaneous fracture of the
humerus or injuries of large vessels. [23, 43] latrogenic trauma
can be caused during axillary plexus block, resection of the
tumors in the neck, or in the supraclavicular region or in the
operations on large vessels. [23]

Severe lacerations of brachial plexus are extremely rare.
Injuries caused by metal objects, fan or engine blades [24],
and animal bites [10, 24] have been published. Rarely, BPIs
may be caused by a chainsaw. Although Kim et al. described
chainsaw injury as a cause of some plexus lacerations, they
did not specify neither the number of such cases nor the in-
jured level (supra- or infraclavicular). [24] Chainsaw kickback
is the reactive force which can occur when the tip of the guide
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bar comes into contact with a relatively massive or immovable
object with the chain under power. The chain may jam hard
into the wood and hurl the bar upwards towards the operator.
These injuries occur most typically in upper (36%) and lower
limbs (43%) and head (9%). Neck is affected less frequently,
but such cases have usually severe prognosis or end fatally
due to common vascular or airways injuries. [5] Only two
cases of non-fatal neck injury with isolated supraclavicular
BPI have been published to date. [8, 18]

Gunshot injuries

Gunshot BPIs are rare and usually very severe. The extent of
the lesion is caused by the self-destructive behavior of projec-
tile itself and cavitation, which depends both on the size,
shape, design, and speed of the projectile. High velocity pro-
jectile injury is typical for war surgery. It has a worse progno-
sis than injuries caused by civilian weapons due to larger,
often devastating injuries of soft and bone tissues as well as
significant contamination of the wound. Bone fragments in
these cases may act as secondary projectiles increasing extent
of the lesion. [12]

The prevalence of GSWs in civilian reports is 3% (95% CI:
0—7%). The highest proportion of GSWs was found in two US
studies—9.8% (20/204 patients) [43] and 19.9% (118/698 pa-
tients with BPI). [23] The injuries were caused by handguns,
rifles, or shotguns and most of the wounds were from bullets,
but a few were due to shell fragments. [25] On comparison,
the case series from Canada, [1] India [13], and Germany [27]
did not include any patient suffering from GSW.

There are only two war studies studying the evaluation of
BPIs caused by GSWs from the Irag-Iran war (20 cases) [34]
and from the Yugoslav war (54 cases) [35] that have been
published. Secer et al. described the largest series of 256 pa-
tients with 288 BPIs caused by GSWs operated during 4 1-year
period (1966-2007) in Turkey. The mean age was 22 years.
[38] GSWs typically affect the infraclavicular elements of
brachial plexus (90-92%), while supraclavicular BPIs are
much less common (8-10%). [34, 38] Due to similar mecha-
nism of injury, it is necessary to mention the two cases of BPI
described in the 112 survivors of the Beirut bomb attack (prev-
alence 1.8%). [36]

Limitations

There are some limitations to this study. First, this meta-
analysis included 10 eligible articles with none of them pro-
viding detailed decriptions of age (standard deviation). Most
of the articles also did not show the proportion of supra- and
infraganglionar injuries, extent of the lesion in lacerations,
GSWs and closed infraclavicular injuries and specific causes
of closed supra- and infraclavicular lesions. Second, the het-
erogeneity was high within most subgroups. Third, the studies
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provided information only about operated patients but not
about serious BPIs which were not indicated for surgery due
to late presentation or severity of the injury.

Despite the preceding limitations, this study has several
strengths. First, to the best of our knowledge, this is the first
meta-analysis estimating the pooled prevalence of epidemio-
logical and etiopathogenetical factors of the current BPIs un-
dergoing surgical treatment. Second, no risk of publication
bias identified in this meta-analysis significantly adds confi-
dence when interpreting the results of this study.

Conclusion

BPI most commonly affects males in their third or fourth
decade of life. Closed BPI is typically caused by motorcycle
accident. Most of them are supraclavicular and causing com-
plete and slightly rarely upper plexus palsy. Lacerations and
GSWs are rare.
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ABSTRACT

The suprascapular nerve (SSN) is commonly reconstructed by spinal accessory nerve (SAN) transfer.
However, reinnervation of its branch to the infraspinatus muscle (IB-SSN) is poor. Reconstruction of the
SSN in cases of scapular fractures is frequently neglected in clinical practice. The morphological study
was performed on 25 adult human cadavers. The course and the length of SSN of minimal diameter of
2mm within the trapezius muscle, the length of the distal stump of IB-SSN to its branching point and
the length of the SSN available for reconstructive procedure were measured. The feasibility study of the
SAN - IB-SSN neurotization performed by using a bony canal under the spine of scapula was performed.
The mean distance of the SAN from the spine was 8.5 cm (+0.88) at the point where it perforates the tra-
pezius muscle and 4.49 cm (+0.72) at the most distal part of the nerve. The mean length of the intramus-
cular portion of the nerve was 14.74cm (+1.99). It ran under a mean latero-medial angle of 15.54°
(£251). The mean distance between the medial end of the scapular spine and the SAN was 244cm (+
0.64). The mean length of the IB-SSN was 3.6 cm (£ 0.67). The mean length of the SAN stump which was
mobilized from its original course and transferred to the infraspinous fossa to reach distal stump of the
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IB-SSN was 8.09cm (+1.6). Direct SAN to IB-SSN transfer is anatomically feasible in the adult population.

Introduction

Lesions of the suprascapular nerve (SSN) are a typical finding in
brachial plexus injury. In adults, restoration of glenohumeral sta-
bility, abduction and external rotation of the shoulder is the first
priority for treatment of such injuries. Lesion of the SSN is usually
reconstructed by spinal accessory nerve (SAN) neurotization via
an anterior approach; however, a dorsal approach to reconstruc-
tion may potentially lead to a better outcome, potentially due to
a shorter reinnervation distance [1]. Even though the success rate
of restoration of shoulder abduction after this neural transfer is
high, functional external rotation is achieved in less than half [2].

SSN injury is present in up to one third of scapular fractures
[3]. Fractures of the scapular body or spinoglenoid notch are typ-
ically associated with injury of the infraspinatus branch of the SSN
(IB-SSN). The loss of shoulder external rotation caused by infraspi-
natus muscle palsy is a severely debilitating consequence of these
injuries [4].

Although direct neurotization of IB-SSN has been described in
obstetric brachial plexus palsy [5], anatomical feasibility in the
adult population has never been investigated. To our knowledge,
reconstruction of SSN injury after scapular fracture has not been
published before. Even though anatomical studies on SAN innerv-
ation of the sternocleidomastoid and trapezius muscle in the neck
have been widely reported [6], detailed morphology of the distal

part of the nerve (its course within the trapezius muscle) is not as
well described.

The aim of the study is to describe the anatomy of the thor-
acic portion of the SAN and determine the feasibility of the dorsal
SAN to IB-SSN nerve transfer in the adult population.

Basic anatomy
Spinal accessory nerve anatomy

SAN is a motor nerve, supplying the sternocleidomastoid and the
trapezius muscles. After exiting the skull it descends medial to the
styloid process and stylohyoid and digastric muscles. It then
passes into (70-80%) or under (20-30%) the sternocleidomastoid
and exits the posterior border at a point 7-9¢m above the clav-
icle. It crosses the posterior triangle of the neck in an inferolateral
direction, superficial to the levator scapulae. It then pierces the
trapezius muscle, most commonly on at a point 2-4 cm above the
clavicle [7]. After providing the perforating branches to the upper
trapezius muscle, it runs distally from the point lying on the line
between C7 and acromion as the isolated main trunk [8].
Although at least one communicating branch between the SAN
and the roots of the cervical plexus can be found in each cadaver
dissection [9,10], motor input from the cervical plexus to the tra-
pezius muscle is seen in only one third of cases [9].
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Suprascapular nerve anatomy

SSN arises from the upper trunk of the brachial plexus which is
formed by the union of the ventral rami of the C5 and C6 and
rarely from C4 root. The nerve passes across the posterior triangle
of the neck parallel to the inferior belly of the omohyoid muscle
and deep to the trapezius muscle. It then runs along the superior
border of the scapula, passes through the suprascapular notch
inferior to the superior transverse scapular ligament and enters
the supraspinous fossa. It then passes beneath the supraspinatus,
relatively fixed on the floor of the supraspinatus fossa, and curves
around the lateral border of the spine of the scapula through the
spinoglenoid notch to the infraspinous fossa. In 84%, there were
no more than two motor branches to the supraspinatus muscle
and in 48% the infraspinatus muscle had three or four motor
branches of the same size [11]. The mean diameter of the supra-
scapular nerve at the suprascapular notch is 2.48 + 0.6 mm [12].

Material and methods

This study was performed on 25 human cadavers prepared for
anatomical dissection courses (4% phenolic acid and 0.5% formal-
dehyde). The bodies were donated with the agreement of usage
for teaching and research purposes. Only specimens without signs
of previous surgery or any other severe abnormality in the regions
of interest were used. For standardization, all of the dissections
were performed on the left side.

Spinal accessory nerve course and length

After transection of the skin and removal of the subcutaneous fat,
the trapezius muscle was dissected, cut vertically paravertebrally,
detached from the scapular spine and rotated cranio-lateraly. The
entire course of the SAN was dissected from its entry into the tra-
pezius muscle from the posterior triangle of the neck to the ter-
minal branches. The position of the nerve was marked at two
locations (Figure 1(A)):

Point A (upper red pushpin): on the line between the vertebra
prominens (C7, upper green pushpin) and the acromion;

Point B (lower red pushpin): at the point of the most distal
branch of the SAN measuring 2mm in diameter. This diameter
was set as the minimal usable size of the SAN for reconstruction
because the diameter of the entire SSN is approximately
2.5mm [12].

Then, the muscle was lifted up and another set of red push-
pins was inserted from its outer surface to the same position as
the inner ones, which were then removed. The muscle was
rotated back to its original position (Figure 1(B)). The length of
the intramuscular portion of the SAN (SAN length) was measured
between points A and B.

To calculate the course of the SAN, the distance of the nerve
from the midline was measured at two positions:

Distance 1: between point A (upper red pushpin) and C7 verte-
bra (upper green pushpin);

Distance 2: on a horizontal line between point B (lower red
pushpin) and the corresponding spinous process marked by lower
green pushpin.

The course of the nerve at angle § was defined in relation to
the vertical line crossing the upper position of the nerve (point
A). The angle was calculated according to formula § = arcsin(b/c).
Line b was calculated as the difference between both distances
and line ¢ was the length of the nerve. The line ¢ and resultant
angle B are approximate because the course of the nerve is not
linear (Figure 2).
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Spinal accessory to infraspinatus branch of suprascapular nerve
transfer technique

The deltoid and upper part of the infraspinatus muscle were
detached from the lower margin of the scapular spine and from
the floor of the infraspinous fossa as in the standard Judet
approach [13] for the treatment of scapular body fractures. IB-SSN
was dissected at the spinoglenoid notch, transected and followed
distally into its branching. The length of the distal stump of the
IB-SSN to its branching was measured.

After performing SAN and IB-SSN measurements, the trapezius
muscle was attached back to the spine using pins. Its fascia was
cut horizontally medially from the scapular spine. Then, SAN was
dissected between the muscle fibres (Figure 3) and the distance
between SAN and medial end of the scapular spine was meas-
ured. The SAN was followed by blunt dissection as far caudally as

Figure 1. The technique of morphological mapping of the SAN. (A) Trapezius
muscle was detached from the spinous processes and the scapular spine and
rotated cranio-laterally. The SAN was dissected from its entry into the trapezius
muscle to the terminal branches. It was then marked by upper red pushpin on
the line between the vertebra prominens (C7, upper green pushpin) and the
acromion (Acr), and by lower red pushpin at the point of the most distal branch
of the SAN measuring 2 mm in diameter. (B) Trapezius muscle rotated back to its
original position after the insertion of another set of red pushpins from its outer
surface to the points corresponding to the location of the inner pushpins. The
lower green pushpin was put in the horizontally corresponding thoracic spin-
ous process.

Figure 2. The position of (A) the entry point of the SAN into the trapezius
muscle on the line between acromion (Acr) and C7 spinous process and (B) the
most caudal part of the nerve with minimal 2mm of diameter. Distance 1 meas-
ured between the points A and C7, Distance 2 between B and corresponding
thoracic vertebral spinous process (Tx). Dashed line — presumed course of the
nerve within the trapezius muscle. White line — vertical line from the point A.
- angle between vertical line and the SAN.
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Figure 3. Anatomical situation after separation of the infraspinatus muscle from
the spine of scapula and floor of the infraspinous fossa and dissection of the
SAN between the muscle fibres of the trapezius muscle. Left arrow — IB-SSN,
right arrow — SAN.

possible, where it was cut. The end of the nerve was shortened at
a point with a minimum diameter of 2mm. The SAN stump was
then mobilized cranially to the upper portion of the trapez-
ius muscle.

Then, the muscle fibres of the supraspinatus muscle were
detached from the medial half of the cranial margin of the scapu-
lar spine. The central weakened area (Figure 4(A)) was simply per-
forated by sharp scissors and the hole of 10 mm in diameter was
created. The length of the mobilized stump of the SAN was meas-
ured from the cranial-most point to which the nerve was mobi-
lized at the cranial portion of the trapezius muscle and it was
then transferred under the spine of the scapula through the pre-
pared canal into the infraspinous fossa (Figures 4(B) and 5).

Results

The measurements are summarized in Table 1. The mean distance
of the SAN from the spine on the acromion-C7 line was 8.5cm (+
0.88) (Distance 1) and 4.49cm (+ 0.72) at the most distal part of
the nerve with minimal diameter of 2mm (Distance 2). The mean
length of the intramuscular portion of the nerve (SAN length) was
14.74cm (+ 1.99) and it run under the mean angle of p=1554"
(= 2.51).

The mean distance between the SAN and the medial end of
the scapular spine was 2.44cm (+ 0.64). The mean length of the
distal stump of IB-SSN to its branching was 3.6cm (x 0.67).

The nerve transfer appeared anatomically feasible in all cases.
The mean length of the SAN stump of minimal diameter of 2 mm,
which was mobilized from its original course and transferred to
the infraspinous fossa via the prepared bony canal to reach distal
stump of the IB-SSN, was 8.09cm (£ 1.6).

(8)

Figure 4. Transilluminated scapula, postero-inferior view [23]. A. SSN (red) passes
through the spinoglenoid notch, arrow - central weakened area. B. Schematic
drawing of the SAN (green) to SSN (red) transfer. SAN running through the bony
canal in the weakened area under the spine of the scapula.
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Figure 5. Direct SAN to IB-SSN transfer. Left arrow - SAN transferred through
the bony canal performed in the central weakened area of the scapular spine,
right arrow — proximal part of the SAN.

Discussion

SSN is one of the most commonly affected nerves in upper or
complete brachial plexus injury. It innervates the supraspinatus
muscle, which initiates shoulder abduction; and infraspinatus
muscle, which acts as the main external rotator of the glenohum-
eral joint. It is also an important stabilizing muscle [7]. The SSN is
usually reconstructed by SAN transfer through the same access as
would be done for an anterior approach to the brachial plexus.
The SAN is dissected through a supraclavicular incision, it is then
divided retroclavicularly, and is directly transferred to the
SSN [14].

The trapezius muscle originates from the skull and the spinous
processes of all thoracic vertebrae and inserts primarily along the
spine of the scapula. It is separated into three functional compo-
nents. The superior portion elevates the scapula and rotates the
lateral angle upwardly, the middle portion adducts and retracts,
and the inferior portion depresses the scapula and rotates the
inferior angle medially. Typical presentation of trapezius palsy
includes the symptoms of stiffness, pain, and weakness of the
shoulder girdle, especially with overhead activity and upon pro-
longed exertion. Consistently, patients are limited in all overhead
activities. Functional impairment does not occur if the upper part
of the trapezius is preserved [15]. The lower portion of the muscle
is used in various reconstructive procedures as a ‘vertical trapezius
musculocutaneous flap’ without obvious adverse neurological
effect [16]. In order to shorten the reinnervation distance, some
authors began to investigate the performance of SSN transfer via
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Table 1. Morphological analysis of intramuscular portion of spinal accessory nerve (SAN) and intraspinous branch of suprascapular nerve (IB-SSN).

Distance 1 Distance 2 SAN length B Distance SAN — scapular Length of SAN Length of
Cadaver (cm) (cm) (em) (degrees) spine (cm) for reconstruction (cm) IB-SSN (cm)
1 9.4 42 172 17.32 28 10.7 38
Z 8.2 50 131 14.00 18 6.6 29
3 6.8 33 134 1497 26 6.4 26
4 94 47 180 1496 23 11.1 26
5 93 39 158 19.58 34 9.8 42
6 7.8 41 134 15.82 24 7.1 34
F 8.5 38 16.0 16.83 2.6 74 40
8 9.1 57 174 11.20 1.4 9.0 46
9 10.1 42 172 19.65 3.8 18 45
10 74 43 127 1399 2.1 7.1 32
1" 6.9 34 120 16.71 27 6.8 28
12 8.8 5.1 158 1342 23 84 34
13 9.5 5.1 16.7 15.10 2.3 105 48
14 9.2 28 164 2236 41 96 35
15 8.1 5:2 121 13.73 2.0 7.1 3.1
16 75 5.1 114 12.06 19 6.9 3.7
17 79 43 124 16.63 28 6.8 3.4
18 74 44 124 13.86 21 6.7 3.5
19 9.0 49 16.2 14.50 24 7.5 49
20 9.2 56 159 12.97 1.7 8.1 3.2
21 88 5.2 149 13.84 1.6 78 3.2
22 84 41 140 17.60 3.0 6.7 3.9
23 79 43 13.1 15.87 2.2 6.9 4.1
24 92 5.1 16.0 14.68 2.4 83 2.8
25 8.8 44 15.2 16.81 2.7 73 41

Distance 1 - distance of the SAN (point A) from the spine measured on the acromion-C7 line; Distance 2 - distance of the most distal part of the SAN with minimal
diameter of 2mm (point B) from the spine; SAN length — length of the intramuscular portion of the nerve between points A and B; p — angle between the vertical
line crossing point A and the SAN; Distance SAN - scapular spine — distance between the SAN and the medial end of the scapular spine; Length of SAN for recon-
struction — the length of the donor stump available by blunt dissection and mobilized into the infraspinous fossa for reconstruction of IB-SSN; Length of IB-S5N —
length of the available distal stump of the IB-SSN to its branching which can be mobilized for the suture with SAN.

a posterior approach, which allows neurotization closer to the tar-
get muscles. Although functional recovery of shoulder abduction
after SAN to SSN transfer is high (>70%) [17], both anterior and
posterior techniques are associated with poor reinnervation of the
infraspinatus muscle (40 — 55% of the cases) [1,2,14]. Infraspinatus
muscle produces 75% of the glenohumeral external rotation tor-
que and is the most effective in the first 90" of shoulder elevation
[18]. Restored abduction without adequate external rotation of
the arm limits the function of the extremity. It is arguably more
important than other shoulder motions, as it allows the patient to
position the forearm and hand in front of the body for func-
tion [4].

In addition to brachial plexus injury, SSN involvement is also
typical of scapular fractures. They account for 3-5% of injuries of
the shoulder girdle. As a rule they are sustained as the result of
marked force applied in the course of high-velocity trauma.
Fractures of the scapular body or glenoid neck account for the
majority of all scapular fractures [19]. SSN palsy is present in 24%
— 32% of these injuries [3], especially in fractures of the surgical
neck. Due to the course of the SSN through the spinoglenoid
notch, typically the IB-SSN is injured. Fractures of the scapular
body or surgical neck are often unstable and require open reduc-
tion and internal fixation via a Judet posterior approach [13].

The idea of direct IB-SSN neurotization in selected brachial
plexus injury cases has been proposed by some authors.
Sommarhem et al. analyzed eight patients with brachial plexus
birth injuries who underwent neurotization of IB-SSN by SAN. At
the one-year follow-up, the mean improvement in active external
rotation was 47 (20 to 85) regarding adduction and 49 (5 to
85°) regarding abduction [5]. Tavares et al. performed IB-SSN neu-
rotization by the radial nervés branch for the medial head of the
triceps muscle. They stated that, although anatomically feasible,
this transfer results in poor clinical outcomes [20]. Unfortunately,

the management of IB-SSN palsy associated with scapular frac-
tures is often neglected in clinical practice [21]. In the acute stage,
it is often difficult to distinguish between nerve palsy that is due
to the original injury and those that occur as a complication of
surgery. The preoperative examination can be limited by pain due
to scapular fracture and concomitant injuries [21]. However, every
nerve palsy persisting more than three months after the trauma
without signs of reinnervation on electromyography study
deserves surgical revision. Generally, lesions in continuity with
positive neurograms are managed by simple external neurolysis.
Neuromas with negative neurogram or lacerated nerves with pre-
served proximal and distal stumps can be reconstructed by using
nerve grafts. Very proximal lesions or complex injuries with
inaccessible proximal stumps are good candidates for nerve trans-
fer. In cases of very complicated scapular fractures with persistent
IB-SSN palsy, it can be extremely risky to dissect the whole nerve
within scar tissue. Furthermore, nerve reconstruction in the area
of the spinoglenoid notch can be surgically challenging [22].
Therefore, SAN to IB-SNN transfer might be useful in these cases.

Although Sommarhems study lacks detailed anatomical
descriptions, the clinical photos show that the transfer was per-
formed over the scapular spine [5]. We believe that the SAN run-
ning between the bone and skin can suffer from chronic pressure
injury. Therefore, we evaluated the anatomical possibility of trans-
fer of the SAN through the central weakened area of the scapular
spine [23]. This technique carries no significant risk of SAN trac-
tion during the scapular movements, because the upper part of
the scapula including scapular spine is not very mobile during the
normal range of glenohumeral motion. Normal scapular move-
ments during humeral elevation are upward rotation followed by
posterior tilt and external rotation of the inferior part up to 24
degrees [24].
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The advantage of this transfer is that the SAN is transected
within the lower portion of the trapezius muscle, leading to
denervation of the lower muscle fibres only. Therefore the main
trapezius muscle function can be preserved by maintaining
innervation of the superior muscle fibres between the occipital
skull and lateral third of the clavicle and acromion. Bae et al. ana-
lyzed the location of the perforating branch pattern of the acces-
sory nerve in the descending part of the trapezius muscle and
thereby described the most efficient botulinum toxin injection
site. The mean distance of the SAN from the spine measured on
the line between C7 spinous process and acromion was 798 cm
(= 1.17) [8]. This is similar to our result (8.5cm + 0.88). The mean
distance of the SAN from the medial end of the scapular spine
was approximately 2.5 cm. Knowing this fact can help in preopera-
tive planning of the site of the SAN dissection. After identifying
the nerve trunk, the dissection follows its oblique course at a
mean angle of 15 degrees. The cadaver dissection of the nerve
from a small incision was possible over a relatively long distance
and we believe this should be similar in an operative setting.
There were large variations in the length of the SAN stump avail-
able for reconstruction (6.4 — 11.8cm), which can be explained by
different sizes of the cadavers. However, we believe such diversity
corresponds to clinical practice. The basis of the successful nerve
reconstruction is the suture of the nerve stumps without tension
even during excessive movements of the extremity. Due to mor-
phological variations in body types, we did not aim to define a
‘minimal’ length of SAN for reconstruction. Although we have
found that the anastomosis was possible in the cadavers even
with short SAN stumps (approx. 6.5cm), we recommend dissect-
ing as long a donor nerve stump as possible and eventually short-
ening it according to the individual anatomical situation as in
some of our cases. The main finding of our study, therefore, is
that SAN - IB-SSN transfer was possible in all cases.

The direct dorsal SAN to IB-SSN transfer can be used especially
in patients with scapular fracture suffering from palsy of the
external rotation of the shoulder. It can also be useful for aug-
menting the results of spontaneous recovery or nerve grafting
procedures in children with obstetric brachial plexus palsy [25]. It
may also be of use in adult brachial plexus injuries, for example
when SSN was reconstructed using the phrenic nerve [26] without
adequate reinnervation of the infraspinatus muscle. As with any
technique, its efficacy in restoring external rotation, will also partly
depend on the stability of the glenohumeral joint. If this joint is
unstable, the neurotization will provide limited effect as the joint
itself is unable to make the movement.

Limitations

This is an anatomical feasibility study without proof of its success
in clinical practice. We did not perform axonal counts at the level
of transection due to both stumps being of a similar size. Given
the fact that reinnervation of the supraspinatus muscle after clas-
sical SAN to SSN neurotization is high, it can be assumed that dir-
ect SAN to IB-SSN reconstruction will lead to similar results with
restoration of infraspinatus muscle function. This hypothesis needs
to be demonstrated by clinical study. Although the line ¢ and
resultant angle B are approximate due to non-linear course of the
SAN, we believe this small measurement error is not of a major
clinical importance.

Conclusion

The spinal accessory nerve enters the trapezius muscle on average
8.5cm laterally from the spine, runs in an oblique course at a
mean angle of 15 degrees latero-medially and divides into small
terminal branches 4.5 cm laterally from the spine. Its mean length
is almost 15cm. It can be easily dissected approximately 2.5cm
medially from the medial end of the scapular spine and used for
neurotization of the infraspinatus branch of suprascapular nerve
via a prepared bony canal under the spine of the scapula. This
procedure might find its place mainly in cases of infraspinatus
palsy associated with scapular fractures and in some cases of bra-
chial plexus palsy.
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ABSTRACT

Objectives: To investigate the anatomical feasibility of the infraspinatus branch of the supras-
capular nerve (IB-SSN) reconstruction by lower subscapular nerve (LSN) transfer.

Methods: The morphological study was performed on 18 adult human cadavers. The length of
the distal stump of the IB-SSN, the length of the LSN available for reconstruction and diameter
of both stumps were measured. The feasibility study of the LSN to IB-SSN transfer was
performed.

Results: The mean length of the IB-SSN to the end of its first branch was 40.9 mm (+4.6). Its
mean diameter was 2.3 mm (+0.3). The mean length of the LSN stump, which was mobilized
from its original course and transferred to reach the distal stump of the IB-SSN was 66.5 mm
(£11.8). Its mean diameter was 2.1 mm (+0.3). The mean ratio between LSN and IB-SSN
diameters was 0.9 (+0.1). The nerve transfer was feasible in 17 out of 18 cases (94.4%).
Conclusion: This study demonstrates that direct LSN to IB-SSN transfer is anatomically feasible
in most cases in the adult population. It may be used in cases of complex scapular fractures
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resulting in severe suprascapular nerve injury.

Introduction

The suprascapular nerve (SSN) innervates the spinati
muscles. The supraspinatus muscle initiates shoulder
abduction and the infraspinatus muscle acts as the
main external rotator of the glenohumeral joint, but
it is also an important stabilizing muscle [1].
A traumatic lesion of the SSN is most commonly
found in brachial plexus injuries [2]. In these cases, it
is usually reconstructed using the spinal accessory
nerve. Although the success rate of restoration of
shoulder abduction after this transfer is high, the
external rotation function is achieved in less than
half of cases [3].

The loss of shoulder external rotation caused by
infraspinatus muscle palsy is also seen in up to one-
third of scapular fractures [4]. Isolated lesion of the
infraspinatus branch of the SSN (IB-SSN) occurs in
fractures of the scapular body or spinoglenoid notch.
Direct suture or reconstruction by nerve grafts may be
impossible in complex scapular fractures. Due to its
anatomical proximity, we hypothesise that the lower
subscapular nerve (LSN) may be used as a donor nerve
for the IB-SSN neurotization. LSN is also almost
exclusively a motor nerve, making it an ideal donor
for nerve reconstruction. Furthermore, the trunks of
the SSN and LSN are of similar diameter [5,6].

The aim of the study is to describe the anatomy of
the IB-SSN and LSN dissected from the posterior
approach and determine the feasibility of the dorsal
LSN to IB-SSN nerve transfer in the adult population.

Basic anatomy

Suprascapular nerve anatomy

SSN arises from the upper trunk of the brachial plexus,
which is formed by the union of the ventral rami of the
C5 and Cé6 and rarely from the C4 root [7]. It runs
along the superior border of the scapula, passes
through the suprascapular notch inferior to the super-
ior transverse scapular ligament and enters the supras-
pinous fossa. It then passes beneath the supraspinatus
muscle, and curves around the lateral border of the
spine of the scapula through the spinoglenoid notch to
the infraspinous fossa (Figure 1) [8]. The mean dia-
meter of the suprascapular nerve at the suprascapular
notch is 2.48 + 0.6 mm [6].

Lower subscapular nerve anatomy

LSN originates in 79% from the posterior cord of the
brachial plexus and in 21% directly from the proximal
segment of the axillary nerve [9]. It is formed not only
by fascicles arising from C5 and C6 but also from C7
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Figure 1. Schematic of the nerves and arteries anatomy in the
dorsal scapular region on the right side. (1) the infraspinatus
branch of the suprascapular nerve (IB-SSN), (2) Suprascapular
artery, (3) Circumflex scapular artery, (4) Lower subscapular
nerve (LSN), (5) Triangular space.

(40% of nerve fibers) [10]. It innervates the lower part
of the subscapularis and teres major muscle (Figure 1).
The mean length of the teres major branch is 6 cm
(3.3-8.9) and its mean diameter is 1.9 mm (1.1-
3.1) [9].

Material and methods

The study was performed on 18 human cadavers pre-
pared for anatomical dissection courses (4% phenolic
acid and 0.5% formaldehyde). The bodies were
donated with the agreement for usage in teaching
and research purposes. Only specimens without signs
of previous surgery or any other severe abnormality in
the regions of interest were used. Due to standardiza-
tion, all the dissections were performed on the right
side.

Dissection of the infraspinatus muscle branch of
suprascapular nerve

After transection of the skin and removal of the
subcutaneous fat, the infraspinatus muscle was dis-
sected, cut along the inferior border of the scapular
spine and from the medial edge of the scapula. It was
then detached from the floor of the infraspinous
fossa and rotated caudo-laterally as in the standard
Judet approach [11] for the treatment of scapular
body fractures. The entire course of the IB-SSN was
dissected from the spinoglenoid notch to the term-
inal branches (Figures 2, 3). It was then cut as

iy

Figure 2. View after detachment of the infraspinatus muscle
from the scapular spine and floor of the infraspinous fossa on
the right side and its rotation caudo-laterally. The 1B-SSN
transected in the spinoglenoid notch and then rotated caud-
ally under the infraspinatus muscle (arrow). Legend - see
Fig. 1.
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Figure 3. Infraspinatus muscle detached from the scapular
spine and floor of the infraspinous fossa on the right side,
and rotated caudo-laterally. The IB-SSN was dissected from the
spinoglenoid notch to its branching. (1) IB-SSN, (2) circumflex
scapular artery.

proximally in the spinoglenoid notch as possible
and mobilized from the muscle. Then, the circumflex
scapular artery was found within the infraspinatus
muscle and followed by blunt dissection caudo-
laterally outside the scapular body. The length of
the distal stump of the IB-SSN was measured to the
end of the first branch and it was then rotated infer-
iorly into the triangular space along the circumflex
scapular artery. The infraspinatus muscle was then
rotated back to its original position.
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Figure 4. Dissection of the triangular space on the right side
between (1) teres minor cranially, (2) long head of the triceps
laterally and (3) teres major muscle caudally. Arrow (3) — LSN
entering the teres major, (4) branch of the LSN for the sub-
scapularis muscle, (5) left arrow — distal stump of the IB-SSN
after its rotation under the infraspinatus muscle, right arrow —
circumflex scapular artery, (6) infraspinatus muscle.

Lower subscapular to infraspinatus branch of
suprascapular nerve transfer technique

The triangular space [12] was bluntly dissected
between teres minor cranially, teres major caudally
and long head of the triceps muscle laterally. After
spreading the muscles and identification of the cir-
cumflex scapular artery, the LSN was found running
slightly medially to the vessel and entering the teres
major muscle (Figure 4) where it was cut. It was then
dissected proximally as far as possible and its length
was measured to the point of arising a branch for the
subscapularis muscle. Diameters of both distal stump
of the IB-SSN and proximal stump of the LSN were
measured by microcaliper. They were then brought
together to demonstrate the possibility of performing
their end-to-end suture without tension
(Figures 5, 6).

Results

The measurements are summarized in Table 1.

The mean length of the distal stump of the IB-SSN
to the end of its first muscle branch was 40.9 mm
(+4.6). Its mean diameter was 2.3 mm (+0.3). In two
cases (No. 5 and 14), two branches were found instead
of one IB-SSN trunk at the level of the spinoglenoid
notch. Therefore, the IB-SSN diameter was calculated
as a sum of diameters of both branches in these cases.

The mean length of the terminal branch of the LSN,
which was mobilized from its original course and
rotated cranially to reach the distal stump of the IB-
SSN was 66.5 mm (+11.8). Its mean diameter was 2.1
mm (£0.3).

Figure 5. Suture of the distal stump of the IB-SSN after its
rotation to the triangular space with the proximal stump of the
LSN (after its transection before its entering the teres major
muscle). Legend - see Fig. 1.

Figure 6. Anatomical situation after transection of the LSN
(caudally) before its suture with the distal stump of the IB-SSN
(cranially).

The mean ratio between LSN and IB-SSN diameters
was 0.9 (+0.1). The nerve transfer was anatomically
feasible in 17 out of 18 cases (94.4%). In case 12 (the
length of the SSN stump 28 mm and LSN stump 35
mm), the gap between the stumps after their rotation
was 6 mm. Therefore, a direct end-to-end connection
without tension was not possible.

Discussion

Infraspinatus muscle produces 75% of the glenohum-
eral external rotation torque and is the most effective
in the first 90° of shoulder elevation [13]. Loss of
external rotation of the arm severely limits the func-
tion of the limb [14]. The SSN injured as a part of the
brachial plexus injury is usually reconstructed by SAN
transfer. Although the functional recovery of the
supraspinatus muscle after this transfer is high, the
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Table 1. Morphological analysis of the terminal branch of the lower subscapular branch (LSN) and the infraspinatus branch of the
suprascapular nerve (IB-SSN). Values are in mm. Diameter of IB-SSN in case 5 and 14 is calculated as a sum of the diameters of two

main branches.

Cadaver Diameter of IB-SSN Diameter of LSN LSN:IB-SSN diameter ratio Length of IB-SSN Length of LSN
1 28 23 0.82 48 85
2 25 22 0.88 42 76
3 26 22 0.85 42 71
4 24 20 0.83 37 69
5 27 22 0.82 39 68
6 27 26 0.96 4 67
7 19 15 0.79 49 75
8 22 19 0.86 43 71
9 24 25 1.04 38 78
10 26 24 0.92 39 47
1 23 20 0.87 4 69
12 1.7 18 1.05 28 35
13 18 21 1.2 4 73
14 26 23 0.88 46 67
15 21 18 0.86 40 57
16 20 19 0.95 38 54
17 24 21 0.88 4 68
18 26 22 0.85 44 67

recovery of the infraspinatus muscle is achieved in
only 40-55% of the cases [3,15,16].

In addition to brachial plexus injury, loss of exter-
nal rotation due to the injury of SSN may be found in
2.4%—32% of scapular fractures, especially those invol-
ving the surgical neck [4,17,18]. Fractures of the scap-
ular body or surgical neck are often unstable and
require open reduction and internal fixation [19]. It
is often difficult to distinguish between nerve palsy
that is due to the original injury or as a complication
of surgery. The preoperative examination can be lim-
ited by pain due to scapular fracture and concomitant
injuries [17]. In cases of very complicated scapular
fractures with persistent IB-SSN palsy, it can be surgi-
cally challenging to dissect the whole nerve from the
infraspinous to the supraspinous fossa through the
spinoglenoid notch [20]. Moreover, laceration or trac-
tion injuries would have to be reconstructed by using
a nerve graft. Neurotization (nerve transfer) has gen-
erally produced high rates of success in other nerves
reconstructions, which is comparable [21] or even
better comparing to nerve grafting [22]. From these
reasons, nerve transfer seems to be an ideal option for
IB-SSN reconstruction.

Complex scapular fractures are operated via the
Judet posterior approach in which the skin incision
is made along the scapular spine and curved caud-
ally along the medial edge of the scapular body.
Then, the infraspinatus muscle is detached from
the floor of the infraspinous fossa [11,23].
Therefore, we used the same approach in our
study. The circumflex scapular artery, a branch of
the subscapular artery, is the only structure (with
accompanying veins) passing through the triangular
space [12]. It then runs on the ventral surface of the
infraspinatus muscle. After the mobilization of the
IB-SSN, this vessel can be therefore used as
a guiding structure for dissecting the ‘tunnel’ from
the infraspinous fossa into the triangular space [12]

Figure 7. Proposed skin incision for the LSN to IB-SSN transfer.
Green - Judet approach for the dissection of the IB-SSN, red -
variable prolongation for the dissection of the LSN.

(formed by teres minor and major muscles and long
head of the triceps). For approaching this space, it is
recommended to cut the skin between the teres
muscles. Therefore, we propose to make
a U-shaped skin incision for LSN - IB-SSN nerve
transfer (Figure 7). In revision cases after previous
orthopaedic procedure for scapular fracture per-
formed via the Judet approach, the incision should
follow the primary cut and then be prolonged
caudo-laterally parallel to the scapular spine.



Only two studies reported the clinical results of
direct IB-SSN neurotization. Sommarhem et al.
reported good results with SAN - IB-SSN transfer
used in brachial plexus birth injuries [24]. On con-
trary, IB-SSN neurotization by the radial nerve branch
for the medial head of the triceps muscle resulted in
poor clinical outcomes [25]. Unfortunately, the man-
agement of IB-SSN palsy associated with scapular
fractures is neglected in clinical practice [17].

LSN seems to be an ideal donor nerve for neuroti-
zation, because the larger pectoralis and latissimus
dorsi muscles would compensate for the loss of inter-
nal rotation typically provided by the subscapularis
and teres major muscles [26]. However, if the entire
nerve was used for neurotization, the subscapularis
muscle would be still partially innervated by upper
subscapular nerve [27]. Samardzic et al. found in
their clinical series that sectioning of the LSN does
not alter shoulder and arm movement significantly
[28]. Moreover, Tubbs et al. showed that the teres
major branch can be used as a donor for neurotization
of musculocutaneous or axillary nerve without discon-
necting the branch to the subscapularis muscle. They
found that the mean length of the terminal branch of
the LSN was 6 cm (3.3-8.9) [5]. These data are similar
to our results (mean length 6.64 cm). We found that
the nerve transfer was feasible in more than 94% of the
cases without denervation of the subscapularis muscle.
In one case (No 12), however, both nerve stumps were
so short that direct end-to-end suture would not be
possible without using a nerve graft.

The teres major muscle, innervated by the LSN, is an
internal rotator of the shoulder, while the infraspinatus
muscle innervated by the IB-SSN rotates the shoulder
externally. Although post-operative rehabilitation would
be easier when donor and recipient nerves had
a synergistic action, several neurotization techniques
with antagonistic nerves have been described with good
results [29]. The mean diameter of the LSN stumps
found in our study is similar to the previously published
results [9]. We proved that the mean diameters of both
nerve stumps are very similar (LSN to IB-SSN ratio 90%).
This fact contributes to the expected good applicability of
this technique, especially in patients with scapular frac-
ture suffering from palsy of the external rotation of the
shoulder. However, the efficacy of the proposed techni-
que can only be confirmed with a clinical study. Since the
LSN originates from the C5 — C7 roots, this technique
would not be feasible in most adult patients with an
upper or complete brachial plexus injuries. Its use can
only be considered in very selected casesfor example,
a very distal suprascapular nerve rupture.

Limitations

This study is limited to an anatomical feasibility of
surgical technique. Furthermore, we did not assess the
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axonal counts at the level of transection; however, due to
the diameters of both stumps being similar, the axonal
counts should be comparable. The classical SAN to SSN
neurotization provides high levels of reinnervation;
therefore, it follows that LSN to IB-SSN reconstruction
should allow comparable results in restoring infraspina-
tus muscle function. The dissections were performed on
specimens with the intact anatomical fields. However,
the anatomy of both nerves may be disrupted after the
trauma leading to a scapular fracture. Therefore, this
study does need substantiation with a clinical study.

Conclusion

Direct lower subscapular to infraspinatus branch of
the suprascapular nerve transfer is anatomically feasi-
ble in most of the cases. This technique may find its
place in cases of serious suprascapular nerve injury
caused by complex scapular fractures.
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