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Abstrakt

Disertacni prace se zabyva problematikou ultrasonografické diagnostiky a navigovanych
intervencnich postuptt u vybranych patologickych zmén na horni koncetin€. VysSetfeni
ultrazvukem pfimo v ordinacich 1ékait specialisti, vcetné rehabilitacnich I¢€kait, je
celosvétovym trendem poslednich dvou desetileti. Mezi hlavni vyhody patii moznost posouzeni
zjisténych patologickych nalezi v pifimé souvislosti s klinickym vySetienim. Pfinosem je
urychleni stanoveni pfesné diagndzy a zahdjeni odpovidajici 1écby. Nepiimo pak klesaji
naklady spojené s vySetfenim jinymi zobrazovacimi technikami a 1é¢bou. Cilem prace je
predstavit diagnostické a 1é¢ebné moznosti u vybranych morfologickych zmén na horni
konceting, véetné mén¢ Castych patologii, jako jsou napiiklad kazuistiky intramuskularnich
hemangiomd, k jejichZ diagnostice vyznamné piispélo ultrazvukové vySetfeni. Ultrazvuk je
krom¢ diagnostiky vyuzivan k navigaci intervenci, coz zvysuje bezpecnost a u€innost téchto
postupt. Vyzkumna ¢ast prace je zamétena na identifikaci optimalniho mista obstfiku nervus
medianus pfi syndromu karpalniho tunelu. Jednd se o prospektivni, randomizovanou,
zaslepenou studii se 46 pacienty se syndromem karpdlniho tunelu, ve které byl srovnavan
ucinek dvou technickych modifikaci sonograficky navigovaného 1é¢ebného obstiiku ke
Slacham flexord nebo technikou hydrodisekce nervus medianus. Ve sledovanych parametrech
(subjektivni hodnoceni pacientem, elektrofyziologické vySetieni, sonografické métfeni plochy
pfi¢ného prifezu nervu v karpalnim tunelu) nebyl mezi skupinami pozorovan signifikantni
rozdil. Vzhledem ke zjisténym skute¢nostem lze zejména zacinajicim sonografistim doporudit
techniku obstiiku mezi Slachy flexori z divodu niz$iho rizika poranéni nervus medianus.
Dil¢im cilem prace je pifedstaveni modifikované techniky obstiiku hypertrofovaného
anularnitho poutka z meziprstniho prostoru a formou piehledovych praci také popis

sonografického vysetieni a navigované 1écby patologii v loketni a zap&stni krajiné.

Klicova slova: nervus medianus, intervence, intramuskularni hemangiom, stenozujici

tendovaginitida, syndrom karpalniho tunelu, tendinopatie, ultrazvuk, nervus ulnaris



Abstract

This thesis deals with the issue of ultrasound diagnostics and ultrasound-guided interventional
procedures in selected pathological changes of the upper limb. Ultrasound examination directly
in specialists' offices, including rehabilitation physicians, has been a worldwide trend in the last
two decades. The main advantages include the possibility of assessing the pathological findings
directly related to the clinical examination. The benefit is speeding up the establishment of an
accurate diagnosis and initiating adequate treatment. Indirectly, the costs associated with
examination by other imaging techniques and therapy are reduced. This thesis aims to present
diagnostic and therapeutic options for selected morphological changes in the upper limb,
including less common pathologies, such as case reports of intramuscular haemangiomas,
whose diagnosis was significantly contributed by ultrasound examination. In addition to
diagnosis, ultrasound is used to navigate interventions, increasing the safety and effectiveness
of these procedures. The research part of this thesis is focused on identifying the optimal site
of median nerve injection in carpal tunnel syndrome. This study is a prospective, randomized,
blinded study with 46 patients with carpal tunnel syndrome. We compared the effect of two
technical modifications of ultrasound-navigated injections between the flexor tendons or the
median nerve hydrodissection. No significant difference was observed in the parameters studied
(subjective patient assessment, electrophysiological examination, sonographic measurement of
cross-sectional area) between the groups. Considering the findings, the injection between flexor
tendons can be recommended, especially to novice sonographers, because of the lower risk of
median nerve injury. A subobjective of this paper is to present a modified injection technique
of the hypertrophied annular pulley from the interdigital space and, in the form of review papers,
to describe the ulrasound examination and navigated therapy of pathologies in the elbow and

carpal region.

Keywords: median nerve, carpal tunnel syndrome, intervention, intramuscular hemangioma,

stenosing tenosynovitis, tendinopathy, ulnar nerve, ultrasound
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1. Uvod

Onemocnéni a bolesti pohybového aparatu jsou kazdodenni soucasti praxe rehabilitacniho
1ékare. Pficiny jsou riznorodé¢, poc¢inaje degenerativnimi zménami pii stoupajici primérné délce
Zivota, pretizeni pfi nevhodné pracovni ergonomii, sedavy zptisob zivota a na druhé strané
sportovni urazy. S tim se poji nartistajici pocet zobrazovacich vysetieni a intervenénich vykond.
Z hlediska Casové i ekonomické naro¢nosti a komfortu pro pacienta je vyhodné, pokud klinické
vySetfeni, sonografickou diagnostiku a pfipadnou naslednou intervenci provadi stejny lékar.
Vzhledem k relativné nizkym pofizovacim a provoznim nakladim se muskuloskeletalni (MSK)
ultrazvuk (UZ) stal metodou volby jako diagnosticky nastroj a nastroj pro navigaci nékterych
intervenénich vykont. V soucinnosti s odbérem anamnézy a klinickym vySetfenim se stava
dialezitym ¢lankem pro stanoveni kone¢né diagnozy a je také proto nékdy nazyvan ,,stetoskopem*
nebo ,,$estym prstem* rehabilitaéniho 1ékaie (Ozgakar et al., 2015a).

Ultrazvukové vySetieni se celosveétove stava béznou soucasti klinické praxe a zaroven s timto
trendem vznika potieba zptresiiovat dosud pouzivané diagnostické pojmy a intervencni postupy.
Naprtiklad nespecifické pojmy, jako je ,impingement syndrom ramena“ nebo ,,0bstiik
subakromialniho prostoru®, jsou za pomoci diagnostického ultrazvuku konkretizovany a jsou
nahrazovany terminy specifickymi. Hovofime tak naptfiklad o kalcifikujici tendinitidé nebo
proliferativni burzitidé, kterd zpisobuje impingement syndrom ramena. Pfipadnou intervenci pak
nazyvame podle cilové struktury a zpusobu, kterym byla provedena. Naptiklad ,,dual-target*
obstiik subakromialnésubdeltoidni burzy a recessus bicipitalis nebo hydrodisekce nervus
medianus a §lach flexorti (Ozgakar et al., 2022a).

Rovnéz vyvstavaji nové otazky tykajici se intervenci. Jiz se nejedna o pouhé rozhodovani, zda
intervenci provést, €i ne, ale je potieba uvazovat, kam je tfeba obstiik zacilit, jaka latka je
nejvhodnéjsi a jaké misto vpichu je nejméné bolestivé. Naptiklad pti bolesti na zevni strané lokte,
pfi diagnostikované tendinitid€ Slach extenzorti zacinajicich na lateralnim epikondylu humeru,
muzZe byt preferovanou technikou peritendindzni injekce smési lokalniho anestetika a
kortikosteroidu. Pokud na zobrazovacim vySetteni odhalime rupturu této Slachy, bude v n¢kterych
ptipadech zvolen jiny postup, napf. intratendin6zni aplikace PRP (platelet-rich-plasma).

Ultrazvukové navigované intervence umoziuji presné cileni oSetfované struktury, nékdy i
sniZeni periprocedurdlniho diskomfortu. V souvislosti se sou¢asnymi moZnostmi ptesného cileni
aplikace lécebné latky se otevira nova kapitola 1ékatského badani v oblasti intervencni 1écby
onemocnéni pohybového aparatu. Piima vizualizace také umoziuje modifikaci zavedenych

postuptl s ohledem na potieby pacienta a l¢kate v dané situaci.
9



Tato prace je souborem publikovanych praci, jejichz spolenym tématem jsou vybrané
morfologické zmény na horni koncetiné, jejich UZ diagnostika a moznosti UZ navigovanych
intervenci. Soucasti jsou tii piehledové clanky shrnujici UZ diagnostiku a 1é€bu patologii v oblasti
lokte, zapésti a ruky, dale originalni vyzkum, jehoz pfedmétem je urCeni optimalniho mista
obstfiku nervus medianus pii syndromu karpalniho tunelu (SKT). Dale pak kazuistiky dvou
ptipadli vzacné se vyskytujiciho intramuskuldrniho hemangiomu na horni koncetiné a ¢lanek
popisujici méné bolestivou alternativu obstiiku hypertrofovaného anularniho poutka
z interdigitalniho pfistupu. Cilem prace je podat prehled moznosti UZ diagnostiky a 1é¢by u
vybranych patologii na horni koncetin€ a rozsitit povédomi o vyuziti MSK UZ v klinické praxi

rehabilita¢niho 1ékafte.
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2. Ultrazvuk v praxi rehabilita¢niho 1ékare

2.1. Historie

Muskuloskeletalni ultrazvuk zaziva v poslednich letech s rozvojem pfistrojové techniky a
vyvojem ultrazvukovych vysokofrekven¢nich sond vyznamny vyvoj. Prvni zpravu o vyuziti UZ
pro vysetfeni muskuloskeletalniho aparatu publikoval v roce 1958 Karl Theodor Dussik, ktery
meftil akusticky atlum pfi prichodu zvukového vinéni riznymi typy tkani, vcetné zmén
detekovanych ve tkanich patologickych a polozil tak prvni zaklady pro diagnosticky MSK UZ
(Kane et al., 2004). Na pocatku sedmdesatych let 20. stoleti pouzili ultrazvuk americti 1ékaii
Daniel McDonald a George Leopold k odliSeni naplné Bakerovy pseudocysty od Zilni trombdzy
zakolenni zily (McDonald a Leopold, 1972). Prvni doklady o vySetfeni ramenniho kloubu jsou
datovany do roku 1979, kdy Seltzer a jeho spolupracovnici vysetfovali ramenni klouby u makaki
po intraartikularni instilaci tekutiny a UZ sledovali jeji distribuci. O rok pozdé&ji popsali detekci
volné tekutiny 1 u lidi (Seltzer et al., 1979; 1980). Nasledn¢ byl v 80. letech 20. stoleti popsan
postup pro vySetieni rotatorové manzety (RM). Tzv. Crassova pozice, pii niz je paze polohovana
ve vnitini rotaci a flexi za zady vySetfovaného, a tzv. modifikovana Crassova pozice, pfi niz je
dlan vySetfovaného uloZena na hyzdi, jsou dodnes soucésti vySetfovacich postupit a slouZzi
k anteriorizaci §lach RM, a tim k jejich plné zobrazitelnosti mimo akusticky stin akromia (Bretzke

et al., 1985; Crass et al., 1985) (Obr. 1, 2).

Obr. 1 UZ snimek normalni rotatorové manzety publikovany Bretzkem roku 1985
(Bretzke et al., 1985)
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Obr. 2 Parcialni ruptura RM na pricném rezu s patrnym oplosténim konvexity a korespondujici kostni
nerovnosti. DELT; m. deltoideus, HUM; humerus, Sipka, misto oplosténi rotatorové manzety, hvezdicka,
Slacha dlouhé hlavy dvojhlavého pazniho svalu. Snimek porizeny r. 2020 na pristroji Samsung UGEO
HM70A (Jizni Korea, Seoul)

Zpocatku byl vzhledem k nizkému rozliSeni UZ vyuzivan ptfedevSim k detekci nitrokloubni
tekutiny ¢i napln¢ tihovych vackt a v literatufe se zafal postupné objevovat pojem
»artrosonografie®. Dal§$im milnikem pro MSK UZ bylo vySetieni détskych ky¢li popsané v roce
1980 rakouskym ortopedem Grafem. V dnesni dob¢ je UZ bézné vyuzivan k diagnostice vrozené
dysplazie kycelnich kloubii u novorozencti, u niz plné¢ nahradil vySetieni rentgenovymi paprsky
(Hrazdira et al., 2003). V roce 1981 popsal B. M. Gompels UZ navigovanou aspiraci vypotku
z kloubu pfi septické artritidé (Gompels a Darlington, 1981). Prvni pouZiti funkce power Doppler
k detekci hyperémie v mékkych tkanich bylo zdokumentovano J. S. Newmanem v roce 1994
(Newman et al., 1994). V 90. letech 20. stoleti se v literatufe zacaly objevovat prvni popisy UZ
vySetieni perifernich nervii (Fornage, 1993; Martinoli et al., 1996). Dnes jsme jiZ schopni diky
vysokému rozliSeni ultrazvukovych sond zobrazit napf. i tenké interdigitalni nervy. Lze posoudit
detailni morfologii nervu, v¢etné intraneuralnich fascikli, epineuria a perineuria, a kvantifikovat
morfologii nervu (Obr. 3, 4). Ultrazvuk se tak stava v soulinnosti s klasickou jehlovou
elektromyografii a konduk&nimi studiemi dualezitym diagnostickym ndastrojem pii prikazu

perifernich neuropatii a jejich pficin (Gasparotti et al., 2017).
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Obr. 3 PFicny rez n. medianus v urovni zapésti za fyziologické situace (bila sipka). Je patrna diferencovana
fascikularni struktura nervu. f; flexorové slachy. Snimek z r. 2021 na pristroji Samsung UGEO HM70A4
(Jizni Korea, Seoul)

Obr. 4 Snimek n. medianus pri syndromu karpalniho tunelu. Zelend prerusovanda ¢ara ohranic¢uje obvod nervu.
Je patrny edém nervu (CSA 18mm?) a setieni typické fascikuldrni struktury. Snimek z r. 2020 na pristroji
Samsung UGEO HM70A (Jizni Korea, Seoul)

2.2. Vyuziti ultrazvuku v klinické praxi

V letech 2000-2008 jen v USA ctyfnasobné vzrostl pocet UZ vySetfeni provedenych
radiology 1 Iékafi jinych odbornosti (Klauser et al., 2012). Prave relativné nizké provozni naklady
ultrazvukovych pfistroji a jejich dostupnost umoznily pfesun tohoto zobrazovaciho vysetieni
zrukou radiologli do ordinaci ambulantnich 1ékatd. Jiz fadu let je UZ bézné€ vyuZivan
porodniky/gynekology, urology, endokrinology, stile Castéji jej vyuZivaji revmatologové a
v poslednich letech se stava soucasti praxe rehabilitacnich 1¢kaiti a specialisti zabyvajicich se

sportovni medicinou.
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S rostoucimi moznostmi zobrazeni vznikla potieba vytvoftit ucelené a sjednocené postupy pro
vySetieni jednotlivych krajin muskuloskeletalniho systému ultrazvukem. VysSettfovaci protokoly
pro jednotlivé klouby horni a dolni koncCetiny, vytvofené Evropskou spolecnosti pro
muskuloskeletalni radiologii (European Society of Musculoskeletal Radiology — ESSR), byly
publikovany v roce 2010 a jsou voln¢ dostupné z webovych stranek essr.org. Mezi dalsi pracovni
skupiny, které zpracovaly vysetfovaci a intervencni postupy, patii Americky institut ultrazvuku
v mediciné (American Institute of Ultrasound in Medicine — AIUM), Evropska liga proti
Revmatismu (European League Against Rheumatism — EULAR) a v neposledni fadé mezinarodni
skupina rehabilitaénich 1ékati s nazvem EURO-MUSCULUS (Ozcakar et al., 2015b). Tato
skupina zastitila v minulych letech vydani tfi monografii MSK UZ, v¢etné ucebnice intervencnich
technik, nejen pro rehabilita¢ni 1ékaie, a porada kazdoroén& mezinarodni kurzy (Ozcakar et al.
2014, 2017 a 2019).

V Ceské republice byly vydany protokoly v &eském jazyce jako podklady ke kurzu Zaklady
sonografie pohybového aparatu (Novotny et al., 2021). V klinické praxi je UZ stale Castéji
vyuzivan jako nastroj pro navigaci pii aplikaci Botulotoxinu A do svall postizenych spastickou
dystonii. Pro tento ucel byly vypracovany skupinou EURO-MUSCULUS aplika¢ni protokoly
s popisem jednotlivych svali a postupu aplikace (Kara et al., 2018).

Novinkou v roce 2022 je publikace protokold k UZ vysetieni kloubli horni koncetiny a
kyc€elni krajiny s vyuZzitim specifickych dynamickych testil a manévrt. V souc¢asné dobé pracovni
skupina rehabilita¢nich 1ékait EURO-MUSCULUS pracuje na dokonceni dynamickych protokolil
i pro kolenni krajinu a hlezno s nohou (Ozgakar et al., 2022b).
budoucna predstavovat nedilnou soucast klinické praxe i vyzkumu. Relativné novou a rychle se
rozvijejici metodou je tzv. sonoelastografie. Sonoelastografie je metoda, jez byla plvodné
vyvinuta pro presnéjsi odliSeni normalni a nddorové tkané prsu. Je zalozena na hodnoceni tuhosti
tkdné€, ktera vyuziva principu deformace tlakem (Sigrist et al., 2017). Kazda tkan vykazuje
specifickou odpovéd’ na silovy podnét, kterou 1ze métit. Pokud dojde k patologické pfremeéné, 1ze
tuto zménu detekovat (Benes et al., 2015). RozliSujeme dva typy elastografie — kompresivni a
stfiznymi vlnami. V pfipad¢ tzv. kompresivni elastografie (strain elastography) piisobime na tkan
manualné tlakem sondy pfes kizi. Odpoveéd’ tkané je ndsledné méfena pomoci mechanickych
senzortl. Slouzi jako pomocna metoda k rozliSeni benignich a malignich lozisek (Hrazdira, 2013).
Nevyhodou je obtizna reprodukovatelnost pii potfebé opakovani vysetieni. Elastografie stfiznymi
vlnami (shear wave elastography) vyuziva kompresi zpisobenou opakovanymi impulzy

vysilanymi ultrazvukovou sondou. Timto zplsobem je mozné ziskat piresnéjSi kvantitativni
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informace o elasticit¢ tkan¢ (Doherty et al., 2013). Elastografii lze vyuzit k vySetieni tkan¢ jater
(Sigrist et al., 2017), dale tkané prsu, prostaty a Stitné zlazy (Woo et al., 2017; Winn et al., 2016).
V rehabilitacni medicin€ nachazi uplatnéni pii hodnoceni vlastnosti §lach a fascii (Pirri et al.,
2020), predmétem vyzkumu je vyuziti u myopatii (Mathevon et al., 2018) a jako pomocny
diagnosticky nastroj pro hodnoceni neuropatii. Dva systematické review z roku 2019 naznacuji,
Ze nervy postizené Uzinovymi syndromy vykazuji vyssi tuhost oproti nerviim nepostizenym. Vyssi
tuhost byla prokézéana i u nervl postizenych diabetickou neuropatii ve srovnani s jedinci, u nichz
se diabetes nevyskytoval. Konkrétné u n. tibialis, u néjz byla vyssi tuhost méfena i1 v pripadé
negativniho elekromyografického (EMG) nalezu, a jesté pred rozvojem klinickych obtizi. Zda se,
ze by v budoucnu tato metoda mohla vzhledem k neinvazivité a relativné malé ¢asové naro¢nosti
oproti EMG slouzit jako screeningové vySetieni. Elastografie stfiznymi vlnami se jevi jako
vhodné;jsi oproti elastografii kompresivni. Studie jsou v§ak provazeny fadou nejasnosti, napiiklad
neni stanoveno, zda je potieba tuhost nervu hodnotit v rovin¢ longitudinalni nebo transverzalni a
zda ma pozice sondy vliv na vysledky. Dal$im problematickym bodem se ukazal tzv. bone
proximity hardening artifact. To znamend, Ze pokud hodnotime tuhost nervu v jeho pribéhu
v blizké vzdalenosti nad kosti, miiZze dojit ke zkresleni a faleSnému zvySeni namétfené tuhosti. To
v pripad¢ syndromu karpalniho tunelu, ktery je nejéastéji zkoumanym Gzinovym syndromem,
predstavuje vyznamny otaznik (Zakrzewski et al., 2019; Wee a Simon, 2019). Ve skupinovém
konsensu publikovaném v roce 2018 radiologickou spole¢nosti ESSR, vydaném na bazi provedené
reSerSe dostupné literatury, je elastografie metoda zatim s malou vyuZzitelnosti v klinické praxi, ale
do budoucna predstavuje slibnou techniku pro rozsifeni vySetieni mékkych tkani a GZinovych
syndromi nervi (Sconfienza et al., 2018).

DalS$im pfedmétem vyzkumil jsou moZnosti vyuziti kontrastni latky pii ultrazvukovém
vySetieni, zejména pro detekci pomalych tokd, jejichz vySetfeni je limitovano i pii vyuZiti funkce
power Doppler. Kontrastni latky pro ultrasonografii jsou emulze kapaliny a plynnych bublin o
velikosti 1-10 pm, které mohou byt aplikovany do télnich dutin ¢i cév. Tim se zvySuje echogenita
zobrazované tkan¢ nebo proudici krve (Hrazdira, 2011). V muskuloskeletalni ultrasonografii jsou
kontrastni latky vyuzivany pii detekci zanétlivych myopatii, nebo v onkologickych a
revmatologickych indikacich (Chang et al., 2012).

Rozvoj pocitacové techniky a umélé inteligence nabizi vyuZiti 1 v ultrazvukové diagnostice.
V soucasné dob¢ je vyvijen software, ktery umozni rozliSeni a identifikaci anatomickych struktur
a jejich patologii v redlném ¢ase béhem vysetteni (Ozgakar et al., 2022c).

Oblibené zejména v porodnictvi je trojrozmérné (3D) a Ctyfrozmérné (4D) zobrazeni, pfi

kterém jsou pouzivany specialni volumetrické sondy, které na rozdil od sond linearnich generuji
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trojrozmérné ultrazvukové pole. V MSK UZ vysSetfeni vsak tato metoda zatim nenachézi Sirsi
uplatnéni. ZkuSeny sonografista vyuziva vlastni prostorové piedstavivosti a 2D obrazu, ktery

poskytuje ultrazvukova sonda k vytvotreni komplexniho 4D obrazu (Hrazdira I. et al., 2003).
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3. Moznosti zobrazeni ultrazvukem na horni konc¢etiné

3.1. Rameno a lopatka

Rameno patfi mezi nejvySetfovangjsi klouby. Je to dano Castym vyskytem patologii v této
krajiné a dobrou dostupnosti pro UZ vysetieni. Pro vySetfeni pouzivame linearni sondu o frekvenci
7,5 MHz a vyse. Ultrazvukové vysetfeni ramenniho kloubu umoziiuje hodnoceni periartikularnich
méekkych tkani staticky 1 dynamicky, coz je v piipad¢ ramenniho kloubu zejména vyhodné pfti
hodnoceni riiznych typt impingementu ¢&i nestability (Ozgakar a De Muynck, 2014), zaroven
mame moznost porovnat nalezy s kontralateralni stranou. Doporucené polohovani a vySetfovaci
postup vychazi ze standardizovanych vysetfovacich protokolti pracovnich skupin AIUM, EULAR,
ESSR a EURO-MUSCULUS. Patologicky nalez, a to plati obecné pro v§echny lokalizace, by mél
byt identifikovan a potvrzen v miniméln¢ dvou na sebe kolmych rovinach (Ozcakar et al., 2015c).

Ultrasonograficky lze v oblasti ramena zobrazit povrchové akromioklavikularni kloub a
musculus (m.) deltoideus. Dale jsou to hloubé&ji ulozené m. supraspinatus, m. infraspinatus, m.
subscapularis, m. teres minor a jejich Gponové Slachy, oznacované souborné jako rotatorova
manzeta (RM). Mezi dals§i dobfe zobrazitelné struktury patii subakromidlnésubdeltoidni burza,
obzvlasté pokud je patologicky rozsifend, Slacha dlouhé hlavy m. biceps brachii, kratkd hlava
m. biceps brachii, ipon m. pectoralis major na humerus, povrchy kostnich struktur, zadni okraj
glenoidalniho labra a stabilizujici vazy. Castou patologii v oblasti ramene jsou ruptury a
degenerativni 1éze RM. V systematickém review a metaanalyze z r. 2011, kterou provedl Smith se
svymi spolupracovniky, a kterd zahrnuje 6066 ramen vysetienych ultrazvukem, uvadi senzitivitu
u parcialnich ruptur RM 84 % a specificitu 89 %. U kompletnich ruptur senzitivita dosahovala az
96 % a specificita 93 % (Smith et al., 2011). Limitaci UZ vySetifeni ramena je nemoznost zobrazeni
struktur uloZenych za akustickym stinem kosti, jedna se pfedevs§im o intraartikularni struktury jako
napf. glenoidéalni labrum. Pfi podezieni na 1ézi téchto struktur volime jiné zobrazovaci metody,
napiiklad magnetickou rezonanci (MR). Ultrazvuk lze dale pouzit k diagnostice nadorovych
afekcei, poruseni kontinuity kostniho povrchu a v neposledni fad¢ jako voditko k pfesnému cileni

intervenc¢nich vykont.

3.2. Loket a predlokti

Oblast loketniho kloubu je dalsi Casto vySetfovanou krajinou. Napiiklad bolest na lateralni
stran¢ lokte mize mit fadu pfic¢in od ,klasické* lateralni epikondylitidy humeru, rupturu Slach

extenzori zacinajicich na laterdlnim epikondylu humeru, aZ po ganglion ze §lachové pochvy nebo
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iritaci n. cutaneus antebrachii lateralis. Klinické vySetfeni mize byt v nékterych ptipadech
zavadgjici a nepiesné a UZ metoda jej mlize doplnit cennou informaci. Pro vySetfeni se pouziva
linearni sonda o frekvenci 10 MHz a vyse a pro orientaci Ize vyuzit palpaci kostnich prominenci.
Je doporuceno postupovat podle standardizovanych protokoli pracovnich skupin AIUM, EULAR,
ESSR a EURO-MUSCULUS (Ozgakar et al., 2015d). P¥i vySetieni patrdme po pfitomnosti volné
tekutiny v predilek¢nich mistech na humeru, tj. ve fossa radialis, fossa coronoidea a fossa olecrani.
Op¢ét Ize vyuzit dynamické vySetfeni, tj. pasivni extenzi v loketnim kloubu se sondou ptilozenou
nad olekranon v podélné ose paze, pti kterém mizeme hodnotit intraartikularni tekutinu, ktera je
timto manévrem vytlaovana do fossa olecrani. Dale jsou vySetiovany Slachy, vazy, nervy a
v ptipadé patologie lze zobrazit rozsitenou bursa olecrani. Castym piiznakem byva bolest v oblasti
laterdlniho nebo medidlniho epikondylu humeru jakoZzto ptiznak laterdlni, resp. medidlni
epikondylitidy. Sonografickym nalezem v téchto piipadech muize byt obraz setfeni fibrilarni
struktury Slachy, hypoechogenita a/nebo rozsiteni v disledku otoku zacatku extenzord/flexorti na
humeru. Pfi chronickych obtizich je mozné prokazat entezofyt pii uponu S$lach nebo
intratendindzni kalcifikace. Casto je viak UZ nalez normalni, zejména v akutnich stadiich. P¥ehled
UZ diagnostiky a 1é¢by tendinopatii v oblasti lokte je soucésti vlozené piehledové publikace (P3).

Dalsi casto vySetfovanou strukturou v oblasti lokte je n. ulnaris (NU). Ten v trovni lokte
probiha v sulcus nervi ulnaris nad ligamentum olecranohumerale, které tvoii jeho dno. Na povrchu
jej prekryva retinaculum retroepicondylare, a v nékterych piipadech akcesorni m. anconeus
epitrochlearis. Distalné¢ NU probiha mezi hlavami m. flexor carpi ulnaris (skrz canalis cubitalis),
kde je povrchové kryt pomoci ligamentum arcuatum (Osborni). V téchto anatomicky
preformovanych UZinach je zvySené riziko jeho ttlaku. Byla publikovana fada praci popisujicich
typicky vzhled nervu postizeného periferni neuropatii. Nejcastéji se uvadi fokalni otok
s rozSifenou plochou pficného fezu (cross-sectional area — CSA), typicky proximalné od mista
utlaku, zvyseni intraneuralni vaskularizace (Ghasemi-Esfe et al., 2011), snizena mobilita nervu ve
vztahu k okolnim strukturdm (Van Den Berg et al., 2013) a setfeni fascikularni struktury nervu
(Boom a Visser, 2012). Praveé nalez fokalniho rozsifeni umoznuje odlisit periferni postizeni od
systémového onemocnéni, jako je napf. polyneuropatie typu Charcot-Marie-Tooth, pii kterém lze
ultrazvukem detekovat povSechné rozsifeni CSA jak u distalnich perifernich nervi, tak u nervi
plexus brachialis (Gallardo et al., 2015; Kerasnoudis, 2013). Fokalni rozsSifeni se na podélném
zobrazeni jevi typicky jako obraz ,,bottle neck® (hrdlo 1dhve), pfi€emZ misto rozsifeni se obvykle
nachdzi proximdlné¢ od mista tutlaku. K tomu dochazi pravdépodobné v disledku piimé
mechanické deformace mekkych tkani nervu i poruchy axondlniho transportu (Choi et al., 2015).

Nejlépe jsou kritéria pro posouzeni periferni neuropatie vypracovana u n. medianus, jelikoz

18



syndrom karpélniho tunelu (SKT) je nejcast¢jSim Gzinovym syndromem na horni koncetiné (viz
kapitola zapésti). U NU bylo publikovano vice praci s cilem stanovit hranice normy pro hodnoty
CSA v canalis cubitalis. Chang a kolektiv provedli roku 2018 metaanalyzu ¢trnacti do té doby
publikovanych studii, z jejiz vysledkii vyplyva horni hranice CSA pro NU v canalis cubitalis
10 mm? u zdravych jedincti (Chang et al., 2018). P¥inos stanoveni horni hranice normy CSA NU
pro pritkaz syndromu kubitalniho tunelu je vSak stale predmétem diskuze. Chen a kolektiv provedli
v roce 2019 metaanalyzu a systematické review, do které bylo zahrnuto 663 pacientii se
syndromem kubitalniho tunelu a 543 zdravych jedinci. Ze studie vyplyva, ze pravdépodobné
nejpresnéjSim parametrem pro diagnostiku syndromu kubitalniho tunelu je stanoveni poméru CSA
v maximalnim misté otoku (CSAmax) nebo v trovni medialniho epikondylu humeru (CSAwme), kde
nejcastéji maximalni otok byva, a CSA méteného v trovni paze (CSAam) — v poloving vzdalenosti
mezi axilou a medidlnim epikondylem humeru nebo v Grovni predlokti (CSAforearm) — v Grovni,
kde se n. ulnaris oddéluje od arteria ulnaris. V této metaanalyze vSak nebylo mozno urcit
diagnosticky signifikantni hodnotu tohoto poméru vzhledem ke znac¢né heterogenité vysledka
jednotlivych studii. Stanoveni poméru CSAmaxyme a CSA v oblasti zapésti (CSAwrist) — v Grovni 0s
pisiforme — se ukazalo jako nepfesné, vzhledem k moZznosti souc¢asného vyskytu syndromu
kubitalniho tunelu a syndromu ulnarniho (Gyuonova) kanalu, kde otok n. ulnaris v misté zapésti
muze zapfiCinit faleSné negativni vysledek. Dal§i mozné parametry ke stanoveni syndromu
kubitalniho tunelu, jako napiiklad mira oploSténi n. ulnaris, pomér CSA n. ulnaris vné a uvnitt
canalis cubitalis, echogenita a intraneuréalni vaskularizace se ve studii ukazaly jako malo ptinosné.
Sami autofi uvadéji v limitacich této analyzy nizky pocet provedenych studii a nutnost dalSiho
vyzkumu v tomto sméru (Chen et al., 2019). Problematika neuropatie n. ulnaris v oblasti je lokte
je podrobné zpracovana formou piehledového ¢lanku (P4).

Ultrasonografie = muize byt  vhodnou  dopliujici diagnostickou  metodou
k elektrofyziologickému vySetfeni, zejména pokud se jedna o vylouceni jiné pficiny komprese
n. ulnaris, jako napt. exostozy, heterotopické ossifikace (JaCisko et al., 2020), akcesorniho
m. anconeus epitrochlearis, lipomu a jinych nadorGt mékkych tkani, ganglia, synovialni cysty ¢i
vylouceni nddord nervové tkané (Podnar et al., 2017; Osma-Rueda a Amaya-Mujica, 2017). Dalsi
vyhodou UZ vysetfeni je moznost dynamického vySetfeni k vylouceni dislokace nervu ze sulcus
nervi ulnaris nad nebo pfed medialni epikondyl humeru, a to obzvlasté tam, kde je limitovano
klinické vysSetfeni, napt. pfi obezité (Pisapia et al., 2017; Chuang et al., 2016). Dislokace n. ulnaris
v dynamickém testu mize byt pfitomna i u asymptomatickych jedinct (Gruber et al., 2016), nalez

je proto tfeba hodnotit ve vztahu ke klinickym obtiZim. Prikaz pfipadné nestability n. ulnaris mtze
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byt relevantni v pfipad€ planovani operacniho zakroku ¢i jinych intervenci v oblasti epicondylus
medialis humeri.

Ulnarni nerv mizeme dale sledovat v jeho prabéhu z canalis cubitalis dale do oblasti
predlokti, kde pokracuje mezi dvéma hlavami m. flexor carpi ulnaris a distalnéji mezi m. flexor
carpi ulnaris a m. flexor digitorum profundus. V dals$im pribéhu se pfipojuje k arteria ulnaris,
kterou podbiha v oblasti zapé€sti v canalis ulnaris (Guyoni). Intermuskularni svalové aponeurdzy
mezi svaly pfedlokti mohou byt rovnéz pri¢inou utlaku nervu (Won et al., 2016). Obdobn¢ Ize
v oblasti ptedlokti zobrazit prubéh n. medianus a n. radialis. Hodnotime piipadné znamky utlaku
v predisponovanych mistech a jiné strukturalni nebo anatomické abnormality. V ptipadé potieby
lze zobrazit jednotlivé svaly predlokti, coz ma uplatnéni zejména jako navigace pii aplikaci
Botulotoxinu A pfi 1é€bé spastické dystonie.

Pii UZ vySetteni 1ze odhalit i méné Casté patologie, jako jsou tumory mé&kkych tkani. Jednim
z prikladu, se kterym se lze pti UZ vySetieni pohybového aparatu setkat, mize byt intramuskularni
hemangiom (IH). Soucésti prace je predstaveni sonografické diagnostiky IH formou kazuistického

sdéleni (P2).

3.3. Zapésti a ruka

Vzhledem k povrchovému uloZeni struktur je oblast zapésti a ruky dobie pfistupna UZ
vySetieni. Je vhodné pouzit vysokofrekvencni linedrni sondu s frekvenci 15 MHz a vice, ptipadné
lze pouzit kratkou angulovanou sondu, tzv. hokejku, kterda ma mensi rozméry a hodi se zejména
na zobrazeni struktur v oblasti prsti ruky. Rovnéz zde je doporuceno fidit se postupy a protokoly
skupin AIUM, EULAR, ESSR a EURO-MUSCULUS. Obdobn¢ jako u predchozich kloubt lze
detekovat kolekci intraartikularni tekutiny, nejlépe z dorzalni strany zapésti v oblasti articulatio
radiocarpalis. Je rovnéz moZzné zobrazit synovidlni hypertrofii pfi chronické iritaci. Dale lze
hodnotit integritu a ptipadnou kolekci tekutiny kolem $lach extenzorh a flexort zapésti a prstl
(Ozgakar et al., 2015¢). Typickym patologickym nalezem je ganglion vychéazejici ze §lachové
pochvy nebo synovidlni vystelky kloubii. Miize byt zdrojem bolesti a nékdy také pticinou utlaku
nervovych struktur v oblasti zapésti.

Strukturou Casto vySetfovanou v oblasti zapésti je n. medianus a jeho prib¢h v karpalnim
tunelu (KT). Karpalni tunel (canalis carpi) je osteofibrozni kanal, ktery je z dorzalni strany kryt
konkavnim obloukem karpalnich kosti a z ventrdlni strany jej kryje retinaculum musculorum
flexorum. Proximalné jej ohranicuje os scaphoideum a os pisiforme, distdlné os trapezium a

hamulus ossis hamati. Karpalnim tunelem prochéazi n. medianus povrchové, ¢tyfi Slachy m. flexor
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digitorum superficialis a Ctyfi Slachy m. flexor digitorum profundus ve spole¢né slachové pochvé,
Slacha m. flexor pollicis longus ve vlastni Slachové pochvé a ponékud oddélené také Slacha
m. flexor carpi radialis ve vlastni §lachové pochvé. Distaln¢ od retinaculum musculorum flexorum
se n. medianus obvykle déli na Sest vétvi. Toto d€leni vykazuje velkou anatomickou variabilitu.
Zaroven i samotny n. medianus miize ve svém prubéhu vykazovat rizné variace jako napf.
n. medianus bifidus, pfitomnost arteria comitans nervi mediani manus / arteria mediana (Mezian
et al., 2021). Z klinického hlediska je dilezit¢ mit na zfeteli ramus recurrens nervi radialis,
motorickou vétev, kterd odstupuje z nervu na lateralni stran¢ a pokracuje povrchoveé po kratkém
flexoru palce (Standring et al., 2015). Tato vétev mlze byt poranéna pii operatnim vykonu, coz
muze mit za nasledek dlouhodobé obtize spojené s dysfunkci svalii thenaru.

Syndrom karpalniho tunelu je nejcastéjSim UZinovym syndromem a jeho diagnostice je
vénovano mnoho praci. Obdobné, jako u vySe zmiflovaného syndromu kubitalniho tunelu jsou
sledovany znamky tutlaku nervu, mezi néz patii: rozsifeni a otok proximaln¢ od mista utlaku,
setieni typické fascikularni struktury, zvySeni intraneurdlni vaskularizace, jeho snizend mobilita
v piicné 1 podélné ose, tzv. gliding vici flexorovym §lachdm. Déle méfime maximalni hodnotu
CSA v oblasti karpalniho tunelu, kdy hodnota nad 10 mm? je povazovana za suspektni pro SKT
pii screeningovém vysetteni. Pokud je naméfena hodnota nad 15 mm?, povazujeme tuto diagnézu
za velmi pravdépodobnou (Kurca et al., 2008). Ultrazvukova diagnostika SKT pomoci métfeni
CSA miiZe mit senzitivitu az 77,6 % a specificitu 86,8 % (Fowler et al., 2011). Dalsi zptfesnéni l1ze
docilit pouZitim tzv. delta parametru, tj. ode¢tenim CSA v Grovni proximalniho okraje m. pronator
quadratus od hodnoty CSA v karpéalnim tunelu, kde je udavana 99% senzitivita a az 100%
specificita (Klauser et al., 2009). Dale Ize pro maximalni vytéZznost pouZzit tzv. wrist-to-forearm
ratio (WFR). Wrist-to-forearm ration je podil hodnoty CSA n. medianus v karpalnim tunelu a
hodnoty CSA namétené ve vzdalenosti 12 cm proximalné od distalni zapéstni ryhy. Za dolni
hranici se povazuje hodnota 1,4; pokud je pomé&r vyssi, 1ze hovoftit o velmi suspektni diagnoze
SKT. Hobson-Webb se spoluautory udava pii pouziti tohoto parametru az 100% senzitivitu
(Hobson-Webb et al., 2008). Ultrazvuk déle slouzi k vylou€eni sekundarnich pficin tutlaku
n. medianus a k vylouceni nadorii nervové tkan€¢ (neurom, schwanom).

Ultrazvukové navigované intervence nabyvaji na vyznamu pii konzervativni 1é€bé SKT.
Z vysledkli metaanalyzy provedené Babaei-Ghazanim a spoluautory vyplyva, ze UZ navigované
obstfiky n. medianus kortikosteroidy (KS) pii SKT vykazuji signifikantni zlepSeni zavaznosti
pfiznakl a zaroven tato ucinnost byla vyssi nez u obsttikil s vyuzitim palpacni orientace (Babaei-
Ghazani et al., 2018). Pfesné misto zacileni obstfiku n. medianus je stile predmétem diskuze.

Podle nékterych autoril je pfi¢inou vzniku obtiZi zvyseni tlaku v KT, které je vysledkem otoku
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synovidlni pochvy Slach flexorli. Zastanci této teorie proto povazuji za dostateCnou aplikaci
kortikosteroidi do okoli Slach flexorti, ¢im podle nich dojde k redukci otoku a dekompresi
n. medianus (Podnar a Omejec, 2016; Bodor et al., 2016). Naproti tomu, jini autofi povazuji u SKT
za dulezitou roli adhezi, které vznikaji pii dlouhodobé zvyseném tlaku v KT a zptsobuji ischémii
a snizenou mobilitu nervu, coz vede ke vzniku obtizi (Orman et al., 2013; Mezian a Bruthans,
2016). Tyto adheze lze pfi cileném obstiiku mechanicky rozrusit tlakem tekutiny, ktera je
aplikovana mezi nerv a Slachy flexorti a/nebo retinaculum musculorum flexorum. Tato technika
se nazyva hydrodisekce (Cass, 2016; Smith et al., 2008). Béhem obstiiku s vyuzitim hydrodisekce
dochazi k pfimému mechanickému tc¢inku a zaroven se zvysuje plocha kontaktu nervu s 1é¢ivou
latkou (Smith et al., 2008; Orman et al., 2013). Ve prospéch této teorie mluvi i fakt, ze UZ
navigované obstfiky v blizkosti n. medianus vykazuji vétS§i G€innost ve srovnani s obstiiky
s vyuzitim palpacni navigace (Ustlin et al., 2013). Chen a kolektiv provedli metaanalyzu, ktera
zahrnovala deset studii s celkem 633 pacienty osetifenymi UZ navigovanym ,,in-plane* a ,,out-of-
plane* obsttikem. Z vysledkt vyplyva signifikantn¢ lepsi efekt u ,,in-plane® zptisobu provedenym
zulnarni strany zapésti (Chen et al., 2015). Identifikace a popis optimélniho technického
provedeni 1é€ebného obstiiku pii konzervativni terapii SKT je jednim z cilt této prace (P1).
DalSim uzinovym syndromem v oblasti zapésti je utlak n. ulnaris v oblasti canalis ulnaris
(Guyonove¢ kanalu). Morfologii nervu hodnotime analogicky jako v piedchozich piipadech.
Ultrazvukem lze dobie hodnotit i subtilni povrchové struktury jako je napi. pribéh Slach
povrchového a hlubokého flexoru prstil na prstech ruky, véetné chiasma tendineum a jejich poutek,
dale lze hodnotit Slachy extenzort a jejich ptipadna poranéni. Pti pouZiti vysokofrekvencnich sond
1ze zobrazit 1 digitalni nervy a cévy. Pro zobrazeni struktur na prstech je vhodné pouzit sondu typu
»hokejka®, kterd je kratkd, a lépe tak muzeme piekonat nerovnosti na kloubech a koZznich
zahybech. Pfipadné lze vyuZit zobrazeni ve vodnim médiu, kdy sonda nemusi byt v t€sném
kontaktu s povrchem kiize, coz umoziiuje vysetieni celého pribéhu Slach vcetné dynamického
zobrazeni. Castou UZ navigovanou intervenci v oblasti prsti ruky je obstiik hypertrofovanych
poutek, ktera zpisobuji tzv. stenozujici tendovaginitidu flexorti znamou také jako ,,lupavy prst*.
Slachy flexorti jsou pii svém pribéhu na prstech fixovany systémem zesileni stény jejich
fibrézniho kanalu, tzv. poutek, kterd za normalniho stavu umoziuji optimalni funkci $lachy pti
flexi. Za patologickych stavill, napf. pfi chronickém pietéZovani, dochazi k jejich otoku, ktery
zpusobuje mechanicky konflikt a brani tak hladkému pohybu flexorové Slachy v jeji pochvé.
Pacient toto vnima jako bolestivé zasekavani prstu, které 1ze v pokrocilych stadiich ptekonat pouze
s asistenci druhé ruky a pozdéji miize dojit i ke kontraktute. Na druhém az ¢tvrtém prstu se nachazi

pet prstencovych (anuldrnich) poutek (AP) a tii poutka zkiizena, kterd jsou membrandzni a
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flexibilni. Na palci se nachdzeji dvé anularni poutka a jedno poutko Sikmé (Smrcka a Dylevsky,
1999). Nejcastéji postizenym poutkem byva prvni anuldrni poutko (AP1), které se nachazi
v oblasti nad metakarpofalangovym kloubem. Ptfed ptipadnym chirurgickym zékrokem se
zpravidla pfistupuje ke konzervativni 1é¢bé, ktera zahrnuje modifikaci aktivit, pfipadné
imobilizaci, 1é¢bu nesteroidnimi antiflogistiky (NSA) a obstfik postizeného poutka kortikosteroidy
(Makkouk et al., 2007; Ma et al., 2019), ktery se povazuje za metodu volby zejména u mirného
postizeni tzn., Ze zablokovany prst 1ze uvolnit bez pomoci druhé ruky (Shultz et al., 2018).
Novodobym trendem je vyuziti ultrazvuku béhem intervence. Mezi vyhody UZ navigace patii
pfesné zacileni oSetfované struktury a zaroven zobrazeni vulnerabilnich struktur, jako jsou
nervoveé-cévni svazky. Pro navigaci jehly lze pouzit dva zplsoby. Prvni, vice pouzivany, je tzv.
in-plane zpiisob, kdy trajektorie jehly je v podélné ose se sondou. Vyhodou je, Ze lze zobrazit hrot
jehly od zac¢éatku az do konce intervence a jehla je zobrazena v redlném case. Nevyhodou je n¢kdy
ruéni klouby. Druhy zptisob, tzv. out-of-plane, se provadi tak, ze jehla prochazi kolmo na dlouhou
osu sondy, pfi¢emz se zobrazuje pouze jako bod ve stfedu obrazovky. Tento zpiisob je vhodny
k oSetfeni povrchovych a drobnych struktur. Jeho hlavni nevyhodou vsak je, Ze 1ze zobrazit vzdy
jen kratky usek jehly a je potfeba mit na zieteli, Ze hrot jehly se mtize snadno ocitnout mimo obraz.
U obou zplisobl se pro intervenci v oblasti anuldrnich poutek bézné pouziva pfistup z palmarni
strany ruky, ktery je vSak spojeny s proceduralnim diskomfortem, vzhledem k tloust'ce kiize dlané
a pfitomnosti bohaté sit€¢ nervovych zakonceni. Soucasti prace je popis technického postupu

1é¢ebného obstiiku tzv. lupavého prstu s mensi proceduralni bolestivosti (P3).
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4. Cile disertacni prace

Diserta¢ni prace je tvofena souborem publikovanych praci (P1-P6), jejichz spolecnym

jmenovatelem jsou vybrané morfologické zmény na horni koncetin€, jejich ultrazvukova

diagnostika a moznosti ultrazvukové navigovanych intervenci. Cilem préace je piispét k rozvoji

muskuloskeletalniho ultrazvuku a vyuziti nejnovéjSich poznatka v klinické praxi.

Dil¢i cile jednotlivych praci:

Ultrasound-Guided Perineural vs. Peritendinous Corticosteroid Injections in Carpal
Tunnel Syndrome: A Randomized Controlled Trial: identifikace optimalniho postupu
UZ navigovaného obstfiku pifi syndromu karpalniho tunelu.

Two Cases of Intramuscular Hemangiomas in the Upper Limbs. From Sonography to
Pathology: prezentace kazuistiky dvou pfipadii intramuskuldrniho hemangiomu na
horni konceting, k jejichz diagnoze prispél vyznamné ultrazvuk.

Interdigital Approach to Trigger Finger Injection Using Ultrasound Guidance: popis
alternativniho postupu pii UZ navigovaném obstiiku stenozujici tendovaginitidy.
Ultrasound-Guided Procedures in Common Tendinopathies at the Elbow: From Image
to Needle, Ulnar Neuropathy at the Elbow: From Ultrasound Scanning to Treatment,
Ultrasound Imaging and Guidance in Common Wrist/Hand Pathologies: piehledové
¢lanky, jejichZ cilem je rozsifit povédomi o moznostech UZ diagnostiky v praxi

rehabilitaéniho 1ékafte.
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5. Material a metodika

Autorské snimky byly pofizeny na pfistroji Samsung UGEO HM70A (Soul, Jizni Korea)
s linearni sondou o frekvenci 3—16 MHz. Nastaveni ostrosti, hloubky a frekvence sondy bylo
vySetiujicim upraveno pro ziskani optimalniho obrazu. Osoby se syndromem karpalniho tunelu
ucastnici se randomizované studie musely splilovat kritéria pro zatazeni do studie a podepsaly
informovany souhlas. Vyzkumna ¢ast byla provedena na vyse zminéném pfistroji. Kondukéni
studie provad¢l 1ékar elektrodiagnostik na piistroji Medelec Synergy (Oxford Instruments, Velka
Britanie). Vysetfeni bylo provadéno dle ,,American Association of Neuromuscular and
Electrodiagnostic Medicine guidelines* (Jablecki et al., 1996). Sonografista s vice nez osmiletou
praxi v MSK UZ provadgjici vySetfeni n. medianus a intervence byl zaslepeny vysledkiim
klinického a elektrodiagnostického vysetieni. Pacienti byli zaroven zaslepeni typu technického
provedeni intervence. VSechny lécebné obstiiky byly provedeny z ulnarni strany zépésti ,,in-
plane* technikou. Byla pouzita smés 1 ml 1% trimecain chloridu (Mesocain) a 1 ml (40 mg)
methylprednisolon acetatu (Depo-Medrol) a jehla kalibru 25 gauge a délky 25 mm. Statistické
zpracovani dat bylo provedeno pomoci statistického softwaru MedCalc verze 14.

Snimky pro kazuistické sdéleni byly publikovany se souhlasem vySetfovanych osob. Snimky
pouzité¢ v ptehledovych pracich byly pouzity s ohledem na ochranu prav pacienta, z obrazové
dokumentace byly odstranény vSechny udaje, které by mohly vést k jeho identifikaci. Obrazova
dokumentace kadéavert v piehledovych pracich byla pfipravena a publikovéana se souhlasem
Anatomického ustavu 1. LF UK.

Metodika je podrobné uvedena v jednotlivych publikacich, které jsou soucasti disertacni prace.
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6. Vysledky

6.1. Ultrasound-Guided Perineural vs. Peritendinous Corticosteroid Injections in Carpal

Tunnel Syndrome: A Randomized Controlled Trial (P1)

Z ptvodnich 52 jedinct bylo vylouc¢eno Sest pacientl, ktefi nespliiovali kritéria pro zafazeni
do studie. Zbyvajicich 46 ucastnikl bylo rozdéleno ndhodné, obalkovou metodou, do dvou skupin
po 23. Celkem Sest pacientt studii nedokoncilo, ¢tyfi z divodu uzavéru pii pandemii Covid-19,
jeden podstoupil operacni feseni pred 12. tydnem od intervence a jeden z bliZe nespecifikovanych
davodu. Z téchto Sesti jeden ucastnik odstoupil bezprostiedn€ po intervenci, zbyvajicich pét se
neucastnilo pouze vystupni kontroly ve 12. tydnu. Co se tykd demografickych dat, klinickych,
elektrodiagnostickych a ultrasonografickych nélezii, bylo jejich rozloZeni v obou skupinach pfi
vstupni kontrole rovnomérné (Tabulka 1). V prubéhu studie nebyly pozorovany zddné nezadouci
ucinky 1é¢ivé latky nebo komplikace spojené s intervenci. V obou skupinach doslo ke statisticky
vyznamnému zlepSeni vizualni analogové skaly bolesti (VAS), ktera byla sledovana jako primarni
ukazatel, a které pretrvavalo 12 tydnl od provedeni zdkroku. ZlepsSeni bylo zaznamenéno i u
sekundarniho ukazatele, jimz byla ¢ast bostonského dotazniku hodnotici subjektivni vnimani
zavaznosti symptomu (Symptom Severity Scale — SSS). U ostatnich parametrti, kterymi byla ¢ast
bostonského dotazniku hodnotici stupen funkéniho postizeni (Functional Status Scale — FSS), sila
stisku méfena ruénim dynamometrem a dvoubodové diskriminac¢ni €iti, nebyl prokazan statisticky
signifikantni rozdil (Tabulka 2). U obou skupin doslo ke zlepSeni objektivnich parametrd, jimiz
byla distalni motoricka latence (dml) a CSA n. medianus v karpéalnim tunelu (Tabulka 3). Zaroven

mezi skupinami nebyl prokazan statisticky signifikantni rozdil v G€innosti 1éCby.
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Tab. 1 Vstupni charakteristika ucastniki

Skupina A Skupina B
(N=23) (N=23)
Vek (roky) 50,0+ 15,9 54,3+£15,0
Pohlavi (Z/M) 18/5 19/4
BMI (kg/m?) 30,6 £ 6,1 30,2+4,3
Oboustranny SKT (N) 14 13
Dominantni koncetina (P/L) 23/0 22/1
Trvani obtizi (mésice) 59+33 59+4,7
Strana intervence (P/L) 18/5 15/8
VAS (cm) 52+24 47+23
Sila tchopu (kg) 22,7119 20,5+9,5
Pozitivni Tineltv ptiznak 10 12
Pozitivni Phalentiv ptiznak 11 14
Dvoubodové diskriminacni €iti
(mm) 4,6 +2,7 4,7+ 3.8
Bostonsky dotaznik
SSS 31,3+8,6 28,6 £ 6,7
FSS 18,0 £6,7 17,0+ 6,1
Kondukcni studie n. medianus
Stupen zavaznosti
(mirny/stfedni/vazny/velmi 2/17/4/0 4/14/4/1
vazny)
DML (ms) 55+1,4 54+19
Sonografické hodnoceni
CSA (mm?) 18,0+ 5,0 16,6 £5,1
Delta CSA (mm?) 9.8+4,5 92+5,0
WFR 2,6 +0.8 2,4+0,9

Data jsou primérnou hodnotou + smérodatna odchylka

BMI; body mass index, SKT; syndrom karpalniho tunelu, P; prava, L; leva, N; number (pocet), VAS;

vizualni analogova Skala bolesti, SSS; Symptom Severity Scale (stupeii zavaznosti subjektivnich ptiznaka),
FSS; Functional Status Scale (stupen funk¢niho postizeni), DML; distalni motoricka latence, CSA; cross-

sectional area (plocha pticného fezu), WFR; wrist-to-forearm ratio

27



Tab. 2 Klinické vystupy (vstupné, 2., 6. a 12. tyden)

Skupina A Roxdilod g inap  Rozdilod
(N=23) vstupniho - (n_53) vstupniho
vysetreni vySetreni
Vstupné 52+2,4 4,7+23
VAS 2. tyden 2,7+2,6 2,4+2.8 1,9+ 1,9 2,6+2,6
6. tyden 2,1+2,6 3,1+3,1 2,0£2,0 2,6+2,6
12. tyden 23429 2,7+24 24+24 2,1+2,7
Vstupnd 31,3+8.,6 28,6+ 6,7
BCTQ-SSS 2. tyden 212493  -10,0+84 184+6,5  -104+7.5
6. tyden 196+0,6  -11,7+98  188+74 9,6 +7,3
12. tyden 21,7 +10,4 9,1452  202+8,1 7,6 £9,5
Vstupné 18,0+ 6,7 17,0+ 6,1
BCTQ-FSS 2. tyden 140+£6,5  -4,0+5,6 13,5+5,5  -3,5+4,1
6. tyden 130+74  -50+6,8 129+6,1  -42+53
12. tyden 143+80  -33+52 13,0+£52  -40+5,1
Dvoubodové Vstupné 4,6 £2,7 4,7+3,8
diskriminadni 2. tyden 3,6+ 1,9 1,0+ 1,6 41+3,8 0,8+ 1,4
Citi (mm) 6. tyden 34+22 12+2,1 3,9+3,9 0,9+ 1,4
12. tyden 34429 1,0£22 3,6+ 4,0 1,1£2,0
Vstupné 22, 7+1.9 20,5+9,5
Silatchopu(ke) 5 whqen 2442120  1,6+3,7 22,6+11,0 29452
6. tyden 2514114  23+52 239+1,6  3,6+6,1
12. tyden 252+410,7  0,7+7.2 2444118  3,1+73
Zavazné
nezadouci 0 0
udalosti

Data jsou primérnou hodnotou + smérodatné odchylka

VAS; vizualni analogova $kala bolesti, BCTQ; Boston Carpal Tunnel Questionnaire (Bostonsky dotaznik),
SSS; Symptom Severity Scale (stupeii zavaznosti subjektivnich pfiznaki), FSS; Functional Status Scale
(stupen funkéniho postizeni), N; number (pocet)
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Tab. 3 Srovnani ultrasonografickych a elektrodiagnostickych parametri

Skupina A ozdilod g, ina g Rozdilod
— vstupniho — vstupniho
(N=23) v ey s (N=23) Y v .
vysetreni vysetreni
CSA (mm?) Vstupné 18,0+5,0 16,6 £ 5,1
12. tyden 15,7+3,1 -2,0+2,0 143+33 -1,7+1,3
DML (ms) Vstupné 55+14 54+1,9
12. tyden 5,1£1,2 -0,5+0,6 50+1,5 -0,5+0,7

Data jsou primérnou hodnotou + smérodatna odchylka

CSA; cross-sectional area (plocha pficného fezu), DML; distalni motoricka latence, N; number (pocet)
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ABSTRACT

BACKGROUND: Corticosteroid injections are proven to be effective in the management of carpal tunnel syndrome (CTS); however, the opti-
mal injection site still remains unclear.

AIM: The aim of this study is to compare the efficacy of perineural vs. peritendinous target sites for corticosteroid injection in CTS.

DESIGN: A randomized, single-blind, controlled trial.

SETTING: Outpatients, terhary care center.

POPULATION: Forty-six patients were equally randomized into two intervention groups as group A (18 female and five male patients; mean
age: 50.0£15.9 years; mean symptom duration: 5.9+3.3 months) and group B (19 female, four male patients; mean age: 54.3£15.0 years, mean
symptom duration: 5.9+4.7 months).

METHODS: Methylprednisolone acetate (40 mg) and 1 mL of 1% trimecaine hydrochloride was injected next to the median nerve (group A) or
among flexor tendons away from the nerve (group B) under ultrasound (US) guidance. The visual analogue scale was used as the primary out-
come measure, and the symptom severity scale and functional status scale of the Boston Carpal Tunnel Questionnaire were used as the secondary
subjective outcome measures. Two-point discrimination, grip strength, cross-sectional area, and distal motor latency were assessed as objective
outcome measures. The data were collected at baseline and at 2, 6 and 12 weeks after the injection.

RESULTS: Both groups showed improvement in subjective and objective measures at 2 weeks following the injection - also maintained up to
12 weeks during the follow-up (P<0.05). However, no difference was observed between the two groups (P<0.05). No serious adverse effects
were observed m either group.

CONCLUSIONS: Both intervention techmques seem to be effective and safe m the conservative treatment of CTS.

CLINICAL REHABILITATION IMPACT: Based on this study results, it might be noteworthy that physicians can opt for perineural or peri-
tendinous injections without compromising the treatment efficacy and safety. Herewith, US guidance is, for sure, necessary for performing safe
and accurate injections.

(Cite this article as: Mezian K, Sobotova K, Kuliha M, Chang KV, Ceé J, Angerova Y, et al. Ultrasound-guided perineural vs. peritendinous cor-
ticosteroid injections m carpal tunnel syndrome: a randomized controlled tnial. Eur T Phys Rehabil Med 2021;57:775-82. DOI: 10.23736/S1973-
9087.21.06682-X)

KEY WORDS: Median nerve; Ultrasonography; Nerve compression syndromes; Adrenal cortex hormones; Carpal tunnel syndrome; Intra-articular
imjections.

Calpal tunnel syndrome (CTS) is the most common whereby the symptoms usually result from compression
peripheral nerve entrapment syndrome worldwide of the median nerve at the wrist.! Its diagnosis is based
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on clinical evaluation, nerve conduction studies, and ul-
trasonographic (US) examination. Actually, in the last
two decades, the popularity of US has increased among
musculoskeletal physicians.2 It is commonly being used
to morphologically show the compression (i.e. median
nerve enlargement), to uncover the possible causes for
nerve entrapment (e.g. aberrant soft tissue), and also to
guide for interventional procedures (injections or mi-
nor surgery) in the management.>-¢ Among conservative
freatment alternatives, corticosteroid injections have been
proven to be effective in CTS patients;? however, the op-
timal farget site for corticosteroid delivery still remains
debatable.8-10

The pathophysiology of CTS has still not been fully un-
masked. One of the presumed mechanisms of increased
intracarpal pressure!! is due to swelling of the flexor ten-
don sheaths under mechanical strain.!2 This "theory of ten-
dinopathy” is actually in line with the higher prevalence of
CTS in manual laborers. Likewise, the favorable effects
of corticosteroid injections in CTS would presumably be
linked to the thinning of those tenosynovia (owing to the
reduction of cellular activity and collagen production),!?
decompressing the median nerve. Some authors also de-
scribed fibrosis of the subsynovial connective tissues as a
common finding in CTS patients. Normally, those tissues
form a multilayer gliding unit (between the flexor tendons
and the median nerve) which is compromised in CTS pa-
tients.* In line with the “theory of tendinopathy’, it would
be reasonable to inject corticosteroids among the flexor
tendons inside the carpal ftunnel i.e. away from the median
nerve.ls

Another mechanism as regards functional impairment
of the median nerve would be the perineural adhesions.
Theoretically, they may develop due to increased intratun-
nel pressure and impaired circulation. Further, the nerve’s
decreased mobility could also result in shear stress from
the surrounding tissues, causing damage to the epineu-
rium.’6 Considering this "theory of adhesions’, injecting
next to the median nerve — with the aim to mechanically
disrupt the perineural adhesions — can be anticipated.
The subsequent restoration of the normal nerve mobil-
ity might contribute to better improvement of the median
nerve function in CTS patients.!” Likewise, in this study,
our hypothesis was that the perineural injection technique
might provide an additional benefit compared to the peri-
tendinous injection away from the median nerve. As such,
the objective of this study was to compare the efficacy of
two particular US-guided corticosteroid injections in CTS,
i.e. perineural versus peritendinous.
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Materials and methods
Study design

This study was conducted as a prospective randomized clini-
cal trial (with a 12-week follow-up) between June 2016 and
July 2020 (ClinicalTrials.gov identifier NCT02907671).
The study protocol was approved by the Ethics Commit-
tee of the General University Hospital in Prague (number
1860/19 S-IV) and it was conducted/reported in accordance
with the CONSORT guidelines. All subjects volunteered to
participate, gave written informed consent before enroll-
ment, and were allowed to leave the study at any time.

Subjects

Patients who presented to our physical and rehabilitation
medicine outpatient clinic with the symptoms of numb-
ness, tingling, or pain in the median nerve innervated area
of the hand were initially treated with a wrist splint during
the night. The patients were also given tailored instructions
for activity (e.g. toavoid repetitive use of hands and holding
vibrating tools) and ergonomics (e.g. mouse and keyboard)
modifications. Patients who did not improve with splint ther-
apy and activity/ergonomics modifications were informed
about other treatment options, i.e. operative carpal tunnel
decompression, physiotherapy, and US-guided corticoste-
roid injection. Those patients (aged 18-80 years) who opted
for injection therapy were assessed for eligibility. They were
recruited in the study if they met the electrodiagnostic crite-
ria for at least mild CTS!® and the ultrasonographic criteria
based on the nerve cross-sectional area.’® Exclusion crite-
ria were the presence of any secondary/underlying cause of
compression (e.g. ganglion cyst, bursitis), diabetes mellitus,
uncontrolled thyroid or inflammatory disease, cervical ra-
diculopathy, brachial plexopathy, polyneuropathy, severe
illness, psychiatric disease, prior CTS surgery, wrist frac-
fure, pregnancy. Subjects were also excluded if they had a
previous corticosteroid injection for CTS within the last six
months, or if they had allergy to methylprednisolone ace-
tate or trrimecaine hydrochloride. Anatomic variations (e.g.,
persistent median artery/vein, bifid median nerve) were
not considered an exclusion criteria. In patients with bilat-
eral CTS, the worse side of the patient — according to the
Symptom Severity Scale (SSS) of the Boston Carpal Tunnel
Questionnaire (BCTQ) — was included in the analyses.

Patient assignment and randomization

Participants (N.=46) who met the above-mentioned crite-
ria were randomly assigned into fwo intervention groups
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— 1:1 with an emphasis on the balanced distribution of
important covariates. To generate the random allocation
sequence, we used a computerized random-number gener-
ator. For the randomization, opaque envelopes containing
notes for each of the two US-guided injection techniques,
i.e. “next to the median nerve™ and “between the flexor
tendons” were used. Subjects were allocated to group A
(perineural injection, N.=23 patients/wrists) and group B
(peritendinous injection, N.=23 patients/wrists) accord-
ingly. All participants, the outcome assessor and the physi-
cian who performed the electrodiagnostic tests were kept
blinded to the allocation during the whole study period.
Due to the nature of the study, it was not possible to keep
the physician (K.M.) — who performed the US examina-
tion and the US-guided injections — blinded to the groups.
Herewith, he was unaware of the electrophysiological and
other clinical data of the subjects.

Outcome measures

All patients completed the Visual Analogue Scale (VAS),
and self-administered BCTQ which has good responsive-
ness and serves as a valid/reliable tool to measure symp-
tom severity and functional status in CTS.20 The BCTQ
comprises two subscales, namely the SSS (11 items) and
the Functional Status Scale (FSS, eight items), where the
higher scores indicate greater symptom severity and dis-
ability, respectively.2! Changes in VAS were considered
the primary oufcome to assess the efficacy of the two in-
jection techniques. The secondary outcomes were BCTQ-
SSS, BCTQ-FSS, 100-mm VAS, and clinical examination
(grip strength and 2-point discrimination).

Electrodiagnostic testing

Nerve conduction studies were performed by a single
electrophysiologist (JC), using a Medelec Synergy device
(Oxford Imstruments, Abingdon-on-Thames, UK). The
examination was carried out following the American As-
sociation of Neuromuscular and Electrodiagnostic Medi-
cine Guidelines.22 We used the median nerve distal motor
latency (DML) as an objective secondary outcome mea-
sure. It was obtained by placing surface electrodes over the
abductor pollicis brevis (APB) muscle with stimulation at
the wrist.

Ultrasound examination

Ultrasonographic evaluation was performed according
to EURO-MUSCULUS/USPRM wrist and hand scan-
ning protocol.?? using a 3-16 MHz linear array fransducer

Vol 57 -No. 5

EUROPEAN JOURNAL OF PHY SICAL AND REHABILITATION MEDICINE

MEZIAN

(Samsung UGEO HM70A, Seoul, South Korea). Settings
for focus, gain, depth and probe frequency were adjusted
by the examiner to obtain the optimal image of the median
nerve and adjacent structures (flexor retinaculum, flexor
tendons, ulnar artery, and ulnar nerve). After the median
nerve was identified in the carpal tunnel inlet; its cross-sec-
tional area (CSA) was measured by digital caliper, tracing
the internal border of the epineurium (hyperechoic rim). In
addition, to increase the diagnostic specificity, the median
nerve CSA was also measured at the level of the proximal
third of the pronator quadratus muscle (PQM) to obtain
the so-called delta CSA (CSA-inlet — CSA-PQM).24 Fur-
ther, we have also measured the median nerve CSA in the
forearm, 12 cm proximal to the distal wrist crease.2s Each
image was measured three times and the mean value was
used for analyses.

Ultrasound-guided injections

Like all the US examinations, US-guided injections were
performed by the same physiatrist with more than eight
years of experience in the musculoskeletal US (K.M.).
Patients were seated facing the sonographer with their
affected wrist in slight dorsiflexion resting on a rolled
towel in a palm up position, the forearm supinated and
elbow semiflexed at 90°. The skin over the injection site
was prepped with an alcohol-based disinfection solution,
while the US probe was covered with a sterile glove with
non-sterile US gel inside, using a sterile US gel between
the probe and the skin. The US probe was positioned
transversely at the level of the distal wrist crease. All
injections were performed (using a freehand ulnar side
in-plane approach keeping the median nerve in the short-
axis) with a 2 mL syringe confaining 1 mL trimecaine
hydrochloride and 1 mL (40 mg/mL) methylprednisolone
acefate. Under direct US visualization; 25-gauge, 25-mm
needle was advanced subcutaneously, slightly obliquely,
superficial to the ulnar nerve and artery. Figure 1 illus-
trates the schematic drawing with respect to the anatomi-
cal targets during the injections. In group A, the needle
was advanced until the tip of the needle was adjacent to
the median nerve with subsequent slow administration of
the injectate between the median nerve and the superfi-
cial flexor tendons. In group B, the injectate was slowly
administered between the middle and ring finger flexor
tendons in the horizontal plane, and between the super-
ficial and deep flexor tendons in the vertical plane, away
from the median nerve. In some cases, passive flexion/ex-
tension of the fingers was necessary to elucidate the cleft
between the flexor tendons.26 After withdrawal of the nee-
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Figure 1 —Schematic drawing of the injection techniques. The green oval
in the online version shows the injection site among the flexor tendons (f)
away from the nerve. The red line encircling the median nerve (nm) in
the online version designates the zone for permeural injection. The arrow
points at the ulnar artery. The hatched lines mark the flexor retinaculum.
nm; median nerve; f: flexor tendons; nu: ulnar nerve.

dle, repetitive wrist flexion and extension was passively
done five times to enhance the injectate delivery distally
along the carpal tunnel.

Follow-up

The patients were instructed to wear the wrist splints all
day and night (as tolerated and with hygiene exception)
and fo limit their activities associated with the handload-
ing for three days following the injection. No other treat-
ments were given. If present, adverse reactions (e.g. post-
injection flare, facial flushing and skin/fat atrophy) after
the injections were noted. While BCTQ, VAS and clinical
evaluations were performed at baseline, 2, 6 and 12 weeks
after the injection; US and electrodiagnostic examinations
were conducted at baseline and 12 weeks following the
interventions.

Statistical analysis

Statistical analyses were performed using MedCale ver-
sion 14 statistical software. The level of statistical signifi-
cance was set at P<0.05. The sample size was calculated
assuming an alpha level 0.05, and 80% power to recog-
nize the minimal clinically important difference (MCID)
between-groups of 25% on the VAS, eight points in SSS,
and five points in FSS at the baseline and follow-up pe-
riods.2” Accounting for 10% dropout rate, a sample size
of 23 patients was required for each group (46 subjects
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in total). Mann-Whitney U-test was used for comparisons
of continuous variables, whereas the categorical data were
compared using the y2 test. Effects of the intervention on
the primary outcome was analyzed using a 4x2 repeated-
measures analysis of variance. The difference in fime
(baseline and post-injection 2, 6 and 12 weeks) served as
the within-subjects factor, whereas the types of injections
were considered as the among-subjects factor.

Results

Out of 52 patients assessed for their eligibility, six were
excluded for not having met the inclusion criteria. Figure
2 shows how the 46 participants were equally randomized
into the intervention groups. Six patients could have not
completed the study due to COVID-19 pandemic lock-
down (N.=4), surgical referral (N.=1) and non-specified
reason (N.=1). Out of those six patients, one left the study
after the baseline visit, and the rest (N.=5) completed all
but not the last 12t-week visit. As such, we applied an
intention-to-treat analysis of the study data.

Enrollment Assessed for eligibility (N.=52) |

Excluded (N.=6)
- Not meeting inclusion criteria
M=6) B
- Declined to participate (N.=0)
- Other reasons (N.=0)

Randomized (N =46)

[

Allocation [

Allocated to Group A (N.=23) Allocated to Group B (N.=23)
- Recerved allocated intervention - Recerved allocated intervention
=23) N.=23)
- Did not receive allocated mterven- - Did not recerve allocated interven-
tion (give reasons) (N.=0) tion (give reasons) (N.=0)

Follow-up ¥
Lost to follow-up (N.=2) Lost to follow-up (N.=4)
- COVID-19 pandemics related - COVID-19 pandemics related
reasons (N.=1) reasons (N.=3)

- Inability to reach the patient (N=1) - Surgical decompression referral

N=1)

Analysis L

Analyzed (N.=19)
- Excluded from analysis (give
reasons) (N.=0)

Analyzed (N.=21)
- Excluded from analysis (give
reasons) (N.=0)

Figure 2.—Flow diagram of the study.

October 2021

33



cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically
or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet andior intranet file sharing systems, electronic mailing or any other means which may allow access
to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not permitted. It is not permitted to remove,

COPYF!IGHT© 2021 EDIZIONI MINERVA MEDICA

PERINEURAL V5. PERITENDINOUS INJECTIONS IN CTS

TABLE L—Pafient baseline characteristics.

Charactenistics ?;JO:%‘)A G&u:gg};l
Age, years 50.0£15.9 54.3+£15.0
Gender, F/M 18/5 19/4
BMI, kg/m? 30.6£6.1 302+43
Bilateral CTS, N. 14 13
Domunant side, R/L 23/0 22/1
Duration of symptoms, months 5.9+33 5.9+4.7
Injection side, R/L 18/5 15/8
VAS, cm 5.2+24 47£23
Grip strength, kg 22.7+119 20.549.5
Tinel positivity 10 12
Phalen positivity 11 14
2-pomt discrimination, mm 4.6£2.7 4.7+3.8
Boston Carpal Tunnel Questonnaire

555 31.3£86 28.6+6.7

Fss 18.0=6.7 17.0+6.1
Nerve conduction study

Severity grading 2/17/4/0 4/14/4/1

(mild/moderate/severe/extreme)

DML, ms 55x14 54+19
Ultrasonographic evaluation

CSA, mm? 18.0=5.0 16.6+5.1

Delta CSA, mm? 9.8+43 92450

WFR 2608 2409

Data are given as meantSD.

BMI: Body Mass Index; CTS: carpal mnnel syndrome; R right; 1: left: VAS:
Visual Analogue Scale; SSS: Symptom Seventy Scale; FSS: Functional Status
Scale; DML: distal motor latency: CSA: cross sectional area: WFR: wrist-to-
forearm ratio.

TABLE II.—Clinical outcomes at baseline, 2, 6 and 12 weeks.

MEZIAN

Both groups were similar as regards demographic, clini-
cal, ultrasonographical and electrophysiological data at
baseline (Table I). None of the patients reported intoler-
ance for the diagnostic/interventional procedures and no
serious adverse events were observed in the groups.

Table IT demonstrates the treatment outcome of the par-
ticipants, using the intention-to-treat analysis. The two
groups were similar regarding each and every parameter
at any time point. Compared to the baseline scores, both
in groups A and B, VAS scores (the primary outcome)
reached the minimal important difference (MCID) at two
weeks (-2.4+2.8, -2.6+2.6 respectively), while the effect
was maintained at 12 weeks (-2.7+2.4, -2.1+2.7 respec-
tively) after the injection. A similar observation was also
present for the SSS (secondary outcome) of the BCTQ at
two weeks (-10.0+8.4, -10.4=7.5 respectively), and at 12
weeks (-9.1+5.2, -7.6+£9.5 respectively) after the injection.
Additionally, there were no significant differences between
follow-up improvements in both groups in the remaining
measured parameters (BCTQ-FSS, 2-point discrimination,
and grip strength).

Table III summarizes the changes in ultrasonographic
and electrodiagnostic measurements. In both groups, the
carpal tunnel inlet CSA and DML were significantly im-
proved at the 12-week follow-up (all P<0.05). Meanwhile,

Scale Timepoint Group A (N.=23) Difference from baseline Group B (N=23) Difference from baseline
VAS Baselme 52424 4723
2 weeks 271£26 2428 1919 -2.6+2.6
6 weeks 2.1+2.6 3.1+31 2.0£2.0 -2.6+2.6
12 weeks 23+29 2724 2424 -2.1£2.7
BCTQ-SS38 Baseline 31.348.6 28.6+6.7
2 weeks 212493 -10.0=8 4 18.4=6.5 -10.4£7.5
6 weeks 19.6+10.6 -11.7£9.8 18.8+7.4 -9.6+7.3
12 weeks 21.7£10.4 9.1+52 20.2+8.1 -7.6x9.5
BCTQ-FSS Baseline 18.0+6.7 17.0£6.1
2 weeks 14.0+6.5 4056 13.5£5.5 -35x4.1
6 weeks 13.0£7 4 -5.0=6.8 12.9%6.1 -4.2=53
12 weeks 14.3+8.0 33452 13.0+5.2 -4.0+5.1
2-point discrimination, mm Baseline 4.6£2.7 4.7£3.8
2 weeks 3.6+19 -1.0+1.6 4.1+3.8 -0.8+1.4
6 weeks 3422 -1.2+£2.1 39+39 -0.9=1.4
12 weeks 34429 -1.0£22 3.6=4.0 -1.142.0
Grip strength, kg Baseline 22.7+11.9 20.5+9.5
2 weeks 24 4+12.0 1.6£3.7 22.6+11.0 2.9+5.2
6 weeks 25.1+11.4 23+£52 23.9+11.6 3.6=6.1
12 weeks 25.2+10.7 0.7£7.2 24 4+11.8 3.1+7.3
Serious adverse events 0 0
Data are given as mean+SD.
WVAS: Visual Analogue Scale: BCTQ: Boston Carpal Tunnel Questionnaire; $SS: Symptom Severity Scale; FSS: Functional Status Scale.
Vol 57 -No. 5 EUROPEAN JOURNAL OF PHY SICAL AND REHABILITATION MEDICINE 779
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TABLE IIL.—Comparison of ultrasonographical and electrodiagnostic parameters.

Parameter Timepoint Group A (N.=23) Difference from baseline Group B (N=23) Difference from baseline
CSA, mm? Baseline 18.0+£5.0 16 6+5.1

12 weeks 15.7£3.1 -20£2.0 143+33 -1.7+13
DML, ms Baseline 55+1.4 54+19

12 weeks 5.1+£12 -0.5+0.6 5.0£1.5 -0.5+0.7

Data are given as mean+SD.
CSA: cross sectional area; DML: distal motor latency.

there was no significant difference for any parameter (ei-
ther at baseline or 12-week follow-up) between the groups
(all P>0.03).

Discussion

This randomized controlled trial aimed to compare the
treatment efficacy of US-guided perineural versus periten-
dinous corticosteroid injections in CTS. According to our
results, the two interventions yield similar clinical, elec-
trophysiological and ultrasonographical findings in the
2-12 week post-injection period. The intervention led to
significant clinical improvement in both groups, concor-
dant with previous reports.2s. 29

As our understanding of neuropathic pain is largely
based on animal models involving acute and severe in-
juries, its extrapolation to mild and chronic scenarios in
humans is limited.3? Increased pressure within the space-
limited osteofibrous carpal ftunnel. nerve swelling due to
compromised endoneural blood flow and blockage of axo-
plasmic transport are possible mechanisms for the devel-
opment of CTS.3! Long lasting swelling may eventually
cause intra- and extra-neural fibrotic changes as well 3
Additionally, the premise of extraneural fibrotic changes
in the connective tissues inside the carpal tunnel is another
possible explanation for the compromised kinematic be-
havior of the median nerve in CTS.2?

With respect to the injectates used during interventional
freatments; various substances have been reported in the lit-
erature, such as platelet-rich plasma, 5% dextrose, hyalase,
local ozone (0,-0,) and corticosteroids.?+3¢ The injectable
corticosteroid used in our study was methylprednisolone
acetate — a long-lasting, crystalline suspension with an av-
erage duration of action of 7-84 days.3? Symptom relief me-
diated from the injectable depot corticosteroids is believed
to be via decreasing inflammation in the synovial fissues.
Its anti-inflammatory effect is also coupled with a decrease
in the number of mast cells, lymphocytes and macrophages,
thus reducing edema.’s However, the effects of injectable
corticosteroids in extraarticular sites are not fully under-
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stood. Although less than oral or intravenous formulations,
local corticosteroid injections may elicit dose-related sys-
temic effects.?® A single methylprednisolone acetate injec-
tion into the carpal funnel was found to be superior when
compared to oral prednisolone for 10 days.*0 Evidence from
several studies supports that the use of corticosteroid injec-
tion should improve patient reported outcomes.#! Herein,
as the injections performed in majority of the studies were
palpation-guided, the exact injection site was often unclear.
Although some studies which compared palpation versus
US-guided CTS injections have reported superiority of the
latter, the optimal site of injection has not been ascertained
until now.28 29 As regards the solutions used for hydrodis-
secting the median nerve, several drugs have been studied.
In2018, Wu ef @l *? randomized 34 patients with CTS to re-
ceive either US-guided hydrodissection with 5-mL saline or
injection into the subcutaneous tissue. Significant symptom
improvement was observed in the hydrodissection group as
compared to the control group at 6 months after the treat-
ment. On the other hand, Schrier and colleagues* have re-
ported similar results of US-guided injections using 1 mL
betamethasone + 1% lidocaine either applied by hydrodis-
section or a single delivery medial to the median nerve.

Based on our preliminary results, injecting the corti-
cosferoid immediately next to the median nerve does not
make any difference in the freatment outcome when com-
pared with injecting away from the median nerve, inside the
carpal tunnel. The favorable clinical outcome of the inter-
vention, regardless of the injection site, can possibly be at-
tributed to the anti-inflammatory effects of corticosteroids.
Therefore, this study cannot demonstrate the potential/addi-
tional effects of hydrodissection at the median nerve/flexor
tendon interface. As such, the optimal injection approach
could feasibly be defined/chosen in accordance with the lo-
cal anatomy and/or the physician’s preference.

Limitations of the study

However, the findings of this study must be interpreted in
light of some important limitations, 7.e. the short duration
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of follow-up and low study power. Further, the strict in-
clusion/exclusion criteria might be limiting the generaliz-
ability of its results. Accordingly, caution should be taken
when extrapolating our findings to different populations
(e.g. postoperative conditions and diabetic patients). In
this sense, future studies also including cases with failed
carpal tunnel decompression would be contributory.

Conclusions

This randomized controlled trial showed that targeting the
median nerve or injection among the flexor tendons away
from the nerve (during US-guided corticosteroid injections
in CTS) is equally effective in terms of pain relief, func-
tional/electrophysiological improvement and decreased
nerve swelling at 2-12 weeks of follow-up.
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6.2. Two Cases of Intramuscular Hemangiomas in the Upper Limbs. From Sonography to

Pathology (P2)

Tato publikace popisuje dvé kazuistiky intramuskularniho hemangiomu na horni koncetin¢.
V prvnim piipadé se jednalo o 13letého chlapce, ktery byl odeslan na nase pracovisté z chirurgické
ambulance pro podezieni na tendinitidu Slach flexorii na ptredlokti. Udaval bolesti zejména pfti
fyzické aktivite, vénoval se profesiondlné tenisu. Pii klinickém vysSetieni bylo patrné nebolestivé,
pohmatové mékké prosédknuti v oblasti pfedni strany predlokti o délce pfiblizn€é 10 cm. Na kiizi
nebyly patrné barevné zmeény. Ultrazvukové vySetfeni odhalilo dobfe ohranicené lozisko
lobularniho charakteru, vyplnéné kompresibilnimi kavernami s ojedin€le pozitivnim signalem
power Doppler. Lozisko bylo ulozené ve svalovém biisku povrchového flexoru prsti a vypliiovalo
témet cely sval. Pacient byl odeslan ve zrychleném rezimu na vySetfeni magnetickou rezonanci,
jimz bylo potvrzeno podezieni na intramuskuldrni hemangiom. Dale byl feSen na détském
oddé¢lent ortopedie, kde byla provedena embolizace cév hemangiomu.
V druhém ptipade¢ se jednalo o 38letou zenu s bolestmi v oblasti thenaru trvajicich vice nez
10 let. Bolesti se zhorSovaly praci na pocitaci a v poslednich letech se stupniovaly. V klinickém
vySetfeni dominoval nélez pohmatové bolestivého prosdknuti v oblasti thenaru. Inicidlné byla
lé¢ena pro tendinitidu dlouhého flexoru palce ruky. Ortéza vSak zhorSovala klinické obtize a UZ
vySetfeni odhalilo dobfe ohrani¢ené loZisko vyplnéné kompresibilnimi kavernami s ojedinélymi
kalcifikacemi, uloZené v bfisku povrchové hlavy kratkého flexoru palce ruky. Magneticka
rezonance potvrdila diagnézu intramuskularniho hemangiomu a na oddéleni plastické chirurgie

bylo indikovano operacni feseni (P2).
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CASE REPORT

Two Cases of Intramuscular Hemangiomas in the Upper Limbs

From Sonography to Pathology

Karolina Sobotova, MD, Kamal Mezian, MD, PhE_’_, Ahmad Jasem Abdulsalam, MD,
Jan Galko, MD, and Levent Qz¢akar, MD

Abstract: Intramuscular hemangiomas are benign soft tissue tumors
that are rarely found in the upper limbs. Diagnosing these tumors may
be challenging owing to their pertinent nonspecific symptoms—often
leading to misdiagnoses like tendinitis or muscle strain. In this article,
two cases of intramuscular hemangiomas are presented—one in flexor
pollicis brevis muscle and the other one in flexor digitorum superficialis
muscle. Both subjects had nonspecific clinical symptoms whereby ul-
trasound imaging led to prompt diagnosis. To this end, the authors
strongly advocate sonographic examination as an extension of physical
examination in the daily clinical practice of musculoskeletal physicians.

Key Words: Ultrasonography, Doppler, Upper Limb, Muscle,
Hemangioma

(Am J Phys Med Rehabil 2021;100:e82-c84)

ntramuscular hemangiomas (IHs) are abnormal benign pro-

liferations of blood vessels within the muscles, presenting
at any age and comprising a spectrum from capillary subtypes
to vascular malformations.! Wierzbicki and colleagues” esti-
mate the incidence of hemangiomas as 7% among all soft tis-
sue tumors, and IHs comprise less than 0.8% of them.?
Skeletal muscle involvement usually occurs in the lower limbs,
and patients generally present with symptoms like chronic
pain, swelling, and loss of function (at later stages).>** The
symptom of pain, which is reported by 60% of the patients,
is often exacerbated with physical activity of the involved mus-
cle secondary to vascular dilation and increased regional blood
flow—Ileading to swelling.? Hence, because of these nonspe-
cific clinical findings, the diagnosis of IHs is often challenging.
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Although plain radiographs are often noncontributory, ultraso-
nography (US) and magnetic resonance imaging are frequently
used to investigate the vague musculoskeletal complaints.®
Herein, two cases of upper limb IHs are reported, with their
contributory US characteristics.

CASE PRESENTATION
This study conforms to all CARE guidelines and reports
the required information accordingly (see Supplemental
Checklist, Supplemental Digital Content 1, http://links.lww.
com/PHM/B102).

Case 1

A 13-yr-old boy, a tennis player, presented with a mass on
the volar aspect of his right forearm for the last year. He de-
scribed pain only during physical activities. He denied any neu-
rologic symptoms (e.g., dysesthesia, paresthesia, and weakness)
in the upper limbs. His current neuromusculoskeletal examina-
tion was normal except an approximately 10-cm-long palpable
and painless mass/swelling on the volar aspect of the fore-
arm. US evaluation showed a well-marginated heterogenous
cavernosal echotexture and moderately positive power
Doppler signals inside the midbelly of the flexor digitorum
superficialis muscle, involving almost the entire muscle
(Fig. 14 and B). The suspected diagnosis of an IH was

A

FIGURE 1. Ultrasound imaging of the anterior forearm in Case 1 (A, B).
Insets show the transducer positions (red rectangles) during longitudinal
(A) and axial (B) scanning. A well-marginated cavemosal mass (white
arrows) is seen in the flexor digitorum superficialis muscle belly adjacent
to the median nerve (MN) (A). Power Doppler imaging shows mild
signals (B). Magnetic resonance image of the hemangioma (C).
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FIGURE 2. Ultrasound imaging of the thenar region in Case 2 (4, B). Insets show the transducer positions (red rectangles) during axial (A) and
longitudinal (B) scanning. Side-to-side comparison shows a well-marginated cavernosal mass (white arrows) in the flexor pollicis brevis superficial
muscle belly dose to the flexor pollicis longus tendon (FPL) (A). Corresponding longitudinal image (B). Magnetic resonance (C) and intraoperative (D)
images of the hemangioma. Histopathologic evaluations were performed from formalin-fixed, paraffin-embedded tissue blocks stained with
hematoxylin-eosin (E-H). Selected section was analyzed immunohistochemically using antibodies against CD31 (clone |C70A, 1:50; Dako, Glostrup,
Denmark) and CD34 (clone QBEND 10, 1:100; Dako). Poorly defined vascular proliferations consisting of blood vessels of various sizes, lined by bland
endothelium, are present. Thin-walled blood vessels, partly growing in a cavernous pattern, with areas of adipose tissue (magnification, 100x) (). Less
frequent thick-walled veins and arteries (magnification, 100x) (F). Sporadic, organized thrombi with calcified centers (phleboliths) (magnification,
100x) (G). Endothelial cells expressing CD31 and CD34 (magnification, 200x) (H).

also confirmed with magnetic resonance imaging (Fig. 1C). The
patient was referred to the pediatric orthopedic surgery
department where arterial embolization was performed. The
procedure seemed to have provided satisfactory results on the
third month follow-up, and he returned to play with no limitation.

Case 2

A 38-yr-old woman presented with chronic pain in her left
thenar area for more than 10 yrs, worse during computer work.

© 2020 Wolters Kluwer Health, Inc. All rights reserved.

A ag A

Initially, she was managed as flexor pollicis longus tenosynovi-
tis with a wrist/thumb splint. However, 3 mos later during her
follow-up, she reported that the pain in the left thenar area
had got worse especially while wearing the orthosis. As com-
pared with the initial clinical examination, mild swelling and
tenderness were observed in the left thenar area. US evaluation
showed a well-marginated heterogenous echotexture with cal-
cifications, involving the superficial head of the flexor pollicis
brevis muscle (Fig. 24 and B). The suspected diagnosis of an
IH in the flexor pollicis brevis muscle was confirmed by

www.ajpmr.com | e83
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magnetic resonance imaging (Fig. 2C). She was referred to
plastic surgery, where excision of the mass was performed
(Fig. 2D). Grossly, the excision material consisted of muscle
tissue with a poorly defined tumor measuring 8 x 7 % 6 mm.
The center of the tumor was grayish white, whereas the
periphery was highly vascular with firm white pellets in some
of the lumina. Subsequently, microscopic examination showed
vascular proliferations—consistent with the diagnosis of IH
(Fig. 2E-H). On the follow-up visit (1 yr after surgery), the
patient was pain-free, with no functional limitation.

DISCUSSION

Despite the fact that IHs are rarely seen in the upper limbs;
in this report, two relevant cases (involving the flexor pollicis
brevis and flexor digitorum superficialis muscles) are
discussed and their ultrasonographical/histologic features, as
well as their management, are highlighted. The diagnosis of
IHs is actually quite challenging because of vague clinical
symptoms and normal appearing radiographs. In addition, dif-
ferent studies have reported that such noncontributory symp-
toms (eg, vague pain and dysfunction) might subsequently
lead to a delay in the diagnosis—also resulting in complica-
tions like flexion contracture and eventually causing extra cost
and morbidity.”*

In clinical examination, these tumors might appear as lo-
calized masses, with little or no compressibility. Typically,
there are no skin color changes that are usually specific for su-
perficial hemangiomas.* Confirmation of the diagnosis is best
made by histopathologic examination. Similarly, ultrasono-
graphic diagnosis of IHs can also be difficult because of their
diffuse infiltrations in vascular and nonvascular (e.g., fat and
fibrous) tissues.”'® These infiltrations cause pressure on blood
vessels and prevent hemorrhage, also limiting the blood circu-
lation inside the hemangioma. Consequently, during Doppler

e84 | www. ajpmr.com

imaging, the poor blood flow may (not) be weakly detected.*
Herewith, despite the difficulties, the high specificity of US
has been reported in the diagnosis—especially for estimating
the extent oftissue infiltration.!! Last but not the least, physiat-
rists fortunately/increasingly use US examination in their rou-
tine practice (i.e., as the extension of physical examination),
and they can efficiently/conveniently scan to catch these IHs
and tailor the management of their patients accordingly." For
sure, the imaging method otherwise needs to be magnetic res-
onance imaging in the diagnostic algorithm 2
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6.3. Interdigital Approach to Trigger Finger Injection Using Ultrasound Guidance (P3)
Clanek ptedstavuje popis alternativniho zptisobu obstiiku hypertrofovaného anularniho
poutka pfi tzv. lupavém prstu. Diky UZ navigaci lze vyuzit pfistup z meziprstniho prostoru, ktery

je spojen s mensim periproceduralnim diskomfortem.
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Dear Editor,

Stenosing tenosynovits, or trigger finger, is an inflam-
mation and swelling of the retinacular sheath that pro-
gressively restricts the motion of the flexor tendons [1].
This sheath normally forms a pulley system in each digit
that functions to maximize the flexor tendon’s force and
efficiency [2]. The first annular pulley (A1) at the meta-
carpal head is by far the most frequently affected pulley
in trigger finger; it causes pain, clicking, catching, and
loss of motion of the affected finger [3]. Before surgery,
initial management of trigger finger is conservative and
involves activity modification, nonsteroidal anti-
inflammatory drugs, joint immobilization, and cortico-
steroid injections [3]. The injections of corticosteroid for
the stenosing tenosynovitis of the finger seem to be the
most reasonable treatment option for mild triggering [3].

In the past decade, these injections have been
performed under ultrasound (US) guidance, whereby
intratendinous steroid injections can be avoided [3, 4].
Moreover, in the literature, reduced thickness of the Al
pulley and the volume of the tlexor tendons following
cortico-anesthetic mixture injections have been reported
[5]. This suggests a valuable role of US also in the follow-
up phase. On the other hand, several sonographic find-
ings of trigger finger may also be visualized before the
intervention, such as diffuse hypoechoic thickening of the
A1 pulley, swelling of the tendons, synovial sheath effu-
sion, and dynamic changes in the shape of the synovial

sheath during flexion and extension (dynamic US exami-
nation) [6].

Ultrasound (US) guidance aids in disposing the corti-
costeroids successfully into the tendon sheath in 70% of
all cases, as opposed to only 15% when the injection is
performed blind, and it provides a higher and long-
lasting positive outcome when compared with injecting
blindly [7]. The US-guided technique involves positioning
a US linear probe on the volar aspect of the hand and us-
ing a needle to inject corticosteroids into the sheath of
the flexor tendons, distally to the first annular pulley [8].
Two approaches may be used for these injections: the in-
plane approach or the out-of-plane approach, depending
on the insertion of the needle. Despite the viability of
both options, the out-of-plane approach provides poorer
visualization of the needle, because only one short seg-
ment of it is visible in this approach. Herewith, due to
the highly innervated and sensitive palmar skin and the
pain associated with injecting this anatomical region,
some authors in the literature have highlighted “the
cruelty” of this procedure, recommending the insertion
of the needle blindly in the midpoint of the web skin [9].
Injecting in this space alternatively provides a much less
painful procedure due to the poor innervation of the
skin in this area [10]. The use of real-time US guidance
in the injection of trigger finger through the interweb
space (a less painful procedure) would be considered
noteworthy.

©2019 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com 1

43

6102 AR #Z U0 18sn AisieAlun [8uled Aq Z09.6+S/601 Zud/wd/Se0 L 0L A0pARBISHR-8joIB-8oUBApPR/e UIoi paLuUTed, oo dno alwapese)y:sdyy Woly pepeojumod



P3

Abdulsalam et al.

Figure 1. The rectangle illustrates the probe positioning in the
longitudinal oblique plane over the third metacarpal bone on
the palmar side of the hand. The straight dotted line indicates
the needle’s route, from distal to proximal, through the skin of
the interdigital space (curved dotted lines) until the intrasheath
space of the flexor tendons beneath the affected A1 pulley (box
structures). The double arrow represents the neurovascular
bundle, which bifurcates more proximal to the needle’s route.
Of note, the dorsal branch (straight dotted line) of the proper
digital nerve (black line) is seen rising proximal to the needle
entry point.

A high-frequency linear array (preferably hockey
stick) probe can be used during imaging. While the pa-
tient sits facing the sonographer, transverse and longitu-
dinal scanning over the flexor tendons on the palm and
digits can be easily performed. After static imaging, dy-
namic maneuvers (i.e., flexion/extension) that may reveal
locking and snapping can/must be used to better under-
stand the functional impact of the structural abnormali-
ties. Flexion against resistance of the finger can either
demonstrate tear of the tendon (tissue discontinuity) or
annular pulley ruprure (increased distance between the
tendon and bone/bowstringing effect). In the case of fi-
brillar pattern discontinuity, flexion/extension motions
under US real-time visualization can be used to clearly
distinguish the deep and superficial tendon [6]. The
power Doppler modality, with a precise location of the
region of interest in the intermetacarpal space, provides a
clear identification of the neurovascular bundle (proper
digital nerves and vessels) in order to avoid it during the
interventional procedure. In the presence of sonographic
features compatible with trigger finger (e.g., annular pul-
ley hypertrophy, synovial sheath effusion, tendon swell-
ing), the injection can be planned.

With the probe positioned in a longitudinal oblique
plane on the palmar side of the hand, the needle can be

Figure 2. Ultrasound image highlighting the anatomical structures in longitudinal and oblique view with the corresponding sche-
matic drawing of the position of the probe (rectangle). Arrow: swollen A1 pulley. *Volar synovial recess of the joint. "Volar plate.
FT = flexor tendons; MH = metacarpal head; PF = proximal phalanx.
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inserted via the interdigital wing skin (Figure 1). The in-
jection may be performed using a direct in-plane ap-
proach (real-time visualization of the long axis of the
needle), and the drugs are administered into the intra-
sheath space beneath the affected pulley (Figure 2). We
recommend using a thin needle (e.g., 25-27 G), to reduce
the procedure-related pain, with a mixture of corticoste-
roid and local anesthetics (based on personal/institutional
preference). Of note, the detachment of the annular pul-
ley (A1) from the flexor tendon(s) during the injection is
the proof/confirmation of the correct location of the nee-
dle’s tip. Additionally, the intrasheath distribution of the
drugs is confirmed by the dilatation of the superior and
inferior recesses of the synovial sheath of the flexor
tendon complex (Supplementary Data).

In short, we strongly advocate the use of US imaging
not only in the diagnostic phase but also/especially in the
interventional treatment of trigger finger for two main
reasons. The first is the possibility of clearly identifying
the neurovascular bundle located in the palmar side of
the hand (interindividual variability) in order to perform
a safe injection. The second is the possibility of planning
a painless needle route (in our case, a longitudinal obli-
que plane) not simply based on anatomical landmarks
(metacarpal head by palpation) but on visualizing in real
time the needle’s progression through the tissue planes
until the synovial sheath of the flexor tendons under the
A1 pulley, avoiding the neurovascular structures.

Supplementary Data

Supplementary data are available at Pain Medicine online.
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6.4. Ultrasound-Guided Procedures in Common Tendinopathies at the Elbow: From Image

to Needle (P4)
Ulnar Neuropathy at the Elbow: From Ultrasound Scanning to Treatment (P5)

Ultrasound Imaging and Guidance in Common Wrist/Hand Pathologies (P6)

Jedna se o tfi piehledové Clanky popisujici problematiku sonografického vysetieni a UZ
navigovanych intervenci struktur v oblasti lokte, prubéhu n. ulnaris v oblasti lokte a anatomicky
predisponovanych 0zindch na pazi a ptredlokti v blizkosti loketniho kloubu a struktur v oblasti
zapésti a ruky. V kazdém z nich je ptedstaveno anatomické pozadi, véetné fotografii jednotlivych
krajin na kaddveroznich preparéatech a odpovidajici ultrazvukové zobrazeni. Déle jsou piedstaveny

zakladni moZnosti 1é€by a UZ navigovanych intervenci v€etné obrazové dokumentace.
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Abstract: Elbow pain is a prevalent condition in musculoskeletal physicians’ settings. The majority
of cases present with periarticular pathologies (varying from tendinopathy to nerve entrapment
syndrome). Nevertheless, in some cases, the underlying cause can be intra-articular, e.g., loose
bodies or rheumatic disease. Progress in ultrasound (US) technology has yielded high-resolution
assessment of the elbow and, importantly, allows real-time, radiation-free guidance for interventions.
Particularly in ambiguous cases, US imaging is necessary to arrive at the correct diagnosis. The
following four clinical conditions are covered: tennis elbow, golfer’s elbow, distal biceps, and distal
triceps tendinopathy. The present review illustrates cadaveric elbow anatomy, corresponding US
images, and exemplary pathologies. Additionally, the authors also discuss the existing evidence on
ultrasound-guided procedures in the conditions mentioned above.

Keywords: tendinopathy; golfer’s elbow; tennis elbow; distal biceps; distal triceps; ultrasonography;
steroid; injection

1. Introduction

Pain at the elbow is a relatively common condition, particularly among athletes,
manual laborers, and office workers [1]. The broad spectrum of elbow pain etiologies
ranges from tendinopathy to soft tissue neoplasms. Mainly, tendinopathies are frequent
in daily clinical practice. Repetitive microtrauma resulting from overload or overuse can
cause collagen fibril rupture and the innate immune system’s activation [2,3]. However,
histopathological studies have shown an absence of inflammatory cells in chronic tennis
elbow biopsies [4,5]. Accumulating evidence identifies it as tendinosis, an asymptomatic
degenerative process characterized by an abundance of fibroblasts, vascular hyperplasia,
and unstructured collagen. These findings were termed “angiofibroblastic hyperplasia” by
Nirschl and Alvarado [6]. In situations of repetitive stretching, multiple microtears of the
tendon potentially cause an irreversible denaturing of matrix proteins and proliferation
of fibrous tissue [7]. Over time, these scar tissues are vulnerable to repetitive forces, with
subsequent further tears and worsening symptoms [8]. Histopathological studies have
shown defects and necrosis inside the tendon fibers within tendons in patients with chronic
tennis elbow, which is ascribed to a strong association with the underuse of the affected
limb due to the fact of pain-related immobilization [9]. In addition, inadequate tendon
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angiogenesis and continuous muscle contraction can lead to tendon ischemia, further
aggravating tendinosis development [10]. The elbow joint is a complex hinge joint between
the humerus and the radius and ulna, providing pronation/supination of the forearm and
flexion/extension of the elbow.

Due to the elbow’s complex anatomy, the underlying etiology’s determination is some-
times far from straightforward. Understanding the elbow’s anatomy, pathophysiology, and
biomechanics is essential for managing pertinent pathologies [11]. The role of physical
examination is essential; however, it is also limited as physical signs are often nonspe-
cific [12,13]. Ultrasound (US) imaging has proven to be a valuable method to provide a
specific diagnosis and a convenient tool to guide interventions [14-17]. Numerous inter-
ventional procedures (e.g., injections of corticosteroids and local anesthetics, dry needling,
or regenerative medicines) are commonly performed to treat painful conditions at the
elbow [18].

This review aims to describe the anatomy, US imaging/guidance, and the literature
evidence about the most common interventional procedures targeting tendons in the elbow
region, i.e., tennis elbow, golfer’s elbow, distal biceps, and distal triceps tendinopathy.

2. Materials and Methods

Representative pictures of the anatomic regions were elaborated using donated bodies
with the approval of the Institute of Anatomy, First Faculty of Medicine, Charles University,
Prague. Normal ultrasound images were obtained in a 32 year old asymptomatic female
volunteer using the ultrasound system, UGEO HM70A, with a 3-16 Mhz linear phased ar-
ray transducer (Samsung, Seoul, Korea). For elbow scanning, we recommend a comfortable
semi-supine positioning of the patient [19,20]. As an alternative, the patient may also sit fac-
ing the physician with his or her elbow being supported on the examination bed/table [21].
Since most elbow structures are superficially situated, a high-frequency (8-18 MHz or
higher) linear array would be preferred during all the procedures described below.

3. Common Elbow Pathologies
3.1. Tennis Elbow

Tennis elbow (i.e., lateral epicondylitis) is a painful condition of the common exten-
sor tendon (CET) in the proximal dorsal forearm. The problem was first described by
Runge [22] in 1873. The “Lawn Tennis Arm” was labeled and published in The Lancet by
Morris in 1882. Patients usually complain of pain and tenderness at the lateral elbow. In
most cases, the etiology is overuse due to the fact of repetitive strain from excessive grip or
wrist extension, radial deviation, and/ or forearm supination causing microtrauma [23]. In
addition to mechanical forces, the unique origin of the extensor carpi radialis brevis muscle
(ECRB) in the lateral part of the capitellum could influence repeated undersurface abrasion
during repetitive flexion and extension [24]. Following the tendon’s repetitive stretching,
multiple microtears can cause irreversible denaturing of matrix proteins and fibrous tissue
proliferation [7]. The annual incidence of tennis elbow was reported as 2.4 per 1000 peo-
ple [25], the prevalence was estimated as 1-3% [26], and the peak incidence is between 40
and 50 years of age [27]. It seems to be independent of sex or ethnic background [28]. It is
also a socioeconomic problem, because workers are absent from work [29]. The diagnosis
is based on clinical evaluation, US examination, and eventually an X-ray.

3.1.1. Essential Anatomy

A conjoint tendon, called the CET, represents the forearm’s extensor muscles’ proximal
insertion, which is located in the ventral and lateral aspects of the lateral humeral epi-
condyle (LE) (Figures 1 and 2). Its course is more distally and deeper to the brachioradialis
and extensor carpi radialis longus (ECRL) muscles, which originate more proximally. The
CET consists of fibers derived from the extensor carpi radialis brevis (ECRB), extensor
digitorum communis (EDC), extensor digiti minimi (EDM), extensor carpi ulnaris (ECU)
tendons, and receives fiber from the ECRL. The ECRB represents the anterior and deep
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portion, and the EDC makes up the anterior and superficial parts. The ECU forms the pos-
terior part. The ECRB, the prime dorsiflexor of the wrist and the key tendon in tennis elbow
development, originates from the LE of the humerus, from the lateral collateral ligament
(LCL), and the adjacent intermuscular septum [30]. Greenbaum with coauthors [31] in a
cadaveric study described no clear margins between the ECRB and EDC; thus, the authors
considered those two tendons mentioned above as one common tendon. Furthermore,
interconnecting tendons between the ECRB and ECRL were found in 35% of limbs [32].
Distally, the ECRB inserts onto the base of the third metacarpal. These muscles” action
extends the wrist and fingers while also supinating the forearm and abducting the wrist.
The radial nerve innervates all of the muscles mentioned above. The brachioradialis, ECRL,
and ECRB are supplied by direct branches from the radial nerve. Other extensors are
innervated via the deep branch of the radial nerve (posterior interosseous nerve) [33]. Deep
to the CET, the LCL bridges from the LE down to the radial head.

proximal

Figure 1. Common extensor origin. The cadaveric specimen shows the location of muscular origin on
the posterolateral aspect of the right elbow joint. BrR: brachioradialis muscle, CET: common extensor
tendon, ECRB: extensor carpi radialis brevis muscle, ECRL: extensor carpi radialis longus muscle,
ECU: extensor carpi ulnaris muscle, EDC: extensor digitorum communis muscle.

3.1.2. US scanning and Guided Injection

For US scanning of the CET, the patient may be positioned supine on the examination
bed while the patient’s forearm rests on the stomach in mild supination. For the con-
tralateral elbow, the US practitioner can easily scan the lateral compartment from his seat.
Alternatively, the patient may sit opposite to the sonographer with the elbow flexed and
with the shoulder internally rotated and the forearm semi-supinated. The probe is placed
at the LE along the forearm’s long axis to visualize the CET in the long axis (Figure 3). The
underlying bony landmarks are the LE and the radial head. The hyperechoic fibrillar layer
between bone and subcutaneous tissue represents the CET (superficial) and the lateral
collateral ligament (deep), which is difficult to distinguish from the CET due to the similar
fibrillar echotexture. Similarly, distinguishing between individual tendons of the CET
can also be challenging. To identify an individual tendon, one can use distal to proximal
muscle tracking. The ECRB and EDC tendons are predominantly affected [34]. Notably,
identifying the specific tendon affected by inflammation might help tailor the rehabilitation
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program [35] and determine a convenient target for interventions (e.g., dry-needling or
regenerative medicine injections).

\

Figure 2. Location of muscular and ligamentous attachments on distal humerus: (a) anterior, (b) medial, (c) posterior, and
(d) lateral aspect of the right distal humerus. Light blue: articular surfaces. An: anconeus, Br: brachialis, BrR: brachioradialis
muscle, CET: common extensor tendon, CFT: common flexor tendon, ECRB: extensor carpi radialis brevis muscle, ECRL:
extensor carpi radialis longus muscle, JC: joint capsule, LCL: lateral collateral ligament, MCL: medial collateral ligament, PT:
pronator teres, Tri: triceps brachii, TriMe: triceps brachii, medial head.

Figure 3. Ultrasound-guided injection for tennis elbow: (a) position of the patient (supine, elbow flexed to 90°, internal
rotation of the shoulder, thumb extension); (b) position of the probe on the lateral epicondyle perpendicular to the long axis
of the forearm.

When intact, the CET is noncompressible, homogenous, and hyperechoic with a
fibrillar tendinous pattern (Figure 4a). In pathologic cases, the examiner can observe cor-
tical irregularities (e.g., bony spurs or erosions), tendon thickening with a loss of normal
fibrillar pattern, focal or diffuse hypoechogenicity, calcifications, tears, and hypervascular-
ity (Figure 4b—e) [36]. Furthermore, the examiner can use sonopalpation to correlate the
abnormal findings with local tenderness [37].
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lateral

Figure 4. Ultrasound (US) images of the CET: (a) normal image, (b) a simple thickening and hypoechogenicity of the
CET, (¢) US image demonstrating a prominent spur (white asterisk) on the tip of the lateral epicondyle (LE) and focal

hypoechogenicity in the tendon (white arrow), (d) a severe swelling of the CET with increased vascularity on power

Doppler, (e) a mild swelling of the CET with intrasubstance hyperechogenicity indicating an immature calcification (white

arrowhead) without acoustic shadowing, and (f) a US-guided peritendinous CET injection showing the needle (white,
dotted arrow) being inserted from medial to lateral in a short axis of the CET.

Even though tennis elbow is, to a certain point, a self-limited disease, approximately
80% of patients get better after a year. Notably, some methods can enhance the healing
process [38]. Sayegh et al. [39] reported a lack of clinical benefit comparing nonsurgical
treatment to observation/placebo in intermediate to long-term clinical benefits. Neverthe-
less, in some patients who suffered from recalcitrant pain, despite the initial conservative
therapy (physiotherapy, local/oral nonsteroidal anti-inflammatory drugs, orthotics), in-
jection therapy can be considered. One promising option is dry-needling therapy, which,
compared to ibuprofen, showed a better effect at six months follow up [40]. In clinical trials,
various injectates are commonly compared to placebo, which is typically represented by
saline solution (SS). A recent meta-analysis reported that SS might have some therapeutic
effect itself. Acosta-Olivo et al. [41] reported a significant reduction in (visual analogue
scale) VAS pain after SS injection, even after one year following administration. The au-
thors also reported a substantial improvement in functional scores. The outcomes in the
SS injection group were better than in the noninvasive group. Gao et al. [42] in their meta-
analysis reported that 9 out of 10 (randomized controlled trial) RCTs showed no statistically
significant difference between SS application and other solution injections such as platelet-
rich plasma (PRP), autelogous blood (AB), corticosteroids (CS), and botulinum toxin (BT).
The most common agents to treat lateral epicondylitis are corticosteroids. Xiong et al. [43]
reported a better effect from shockwave therapy with CS injection regarding VAS and grip
strength after 12 weeks follow up. Another option for the treatment of the tennis elbow
would be PRP injection. Platelet-rich plasma is an autologous preparation from patients’
blood that can enhance the healing process. Simental-Mendia et al. [44] found no difference
in improvement in pain and joint functionality comparing PRI with placebo (SS). Several
meta-analyses compared PRP and CS injection effects. Corticosteroids injection provided
better outcomes regarding pain and joint function in the short term (4 to 8 weeks after
application), while PRP injection improved pain and function in the long-term (6 months
to one year) more effectively [45-48]. As an alternative, AB collected from the patient’s pe-
ripheral veins can also be administered into the tendon. Application of AB might enhance
tissue healing. A meta-analysis by Chou et al. [49] suggested that AB is more effective at
decreasing pain than CS injection, but there was no significant difference between AB and
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PRP. According to Arirachakaran et al."s [50] meta-analysis, AB can improve pain disability
scores but has a higher risk of complications than PRP. Kalichman et al. [51] accessed the
use of botulotoxin as a possible method of treating tennis elbow in their meta-analysis.
They reported a decrease in pain at 3 months follow up. The authors concluded that
BT injection in the forearm might be a suitable treatment method for chronic recalcitrant
tennis elbow.

One of the technical variants to perform the tennis elbow injection is the same as
for the examination in the supine position. The transducer is positioned on the lateral
epicondyle perpendicular to the long axis of the forearm. The needle is inserted from lateral
to medial (Figure 4f). Depending on the particular procedure plan, the needle tip can reach
the peritendinous space or the tendon itself to perform intralesional (e.g., PRP) injection.
The approach mentioned above allows the needle course to be parallel to the probe thus
providing excellent needle visibility. Alternatively, the needle can be administered from
distal to proximal (Supplementary Materials Video S1) or vice versa. When injecting the
tennis elbow, potentially vulnerable structures include the anterior branch of the deep
brachial artery and the deep branch of the radial nerve. Using US guidance can reduce the
risk of iatrogenic injury to the structures mentioned above.

3.2. Golfer’s Elbow

Golfer’s elbow (i.e., medial epicondylitis) usually presents as pain at the medial elbow.
It is three- or six-fold less frequent than tendinopathy of the lateral elbow (i.e., tennis
elbow). It is often associated with sports activities (particularly overhead throwing) and
manual labor, e.g., carpenters and plumbers [52]. Medial epicondylitis reaches nearly 10%
of all cases of epicondylitis [53]. Its prevalence is approximately 0.3-0.6% in men and
0.3-1.1% in women [28]. Repetitious wrist flexion or forearm pronation at least two hours
every day, smoking, diabetes mellitus, and obesity were identified as risk factors of medial
epicondylitis [54]. The pain manifests itself especially when the fingers and wrist are bent.
Overhead throwers are at risk due to the elbow’s valgus torque during the acceleration
phase of throwing, causing significant strain on the common flexor tendon. Some throwers
may have other pathologies, including medial collateral ligament insufficiency, and some
of them also show chronic signs of impingement known as “chronic valgus overload
syndrome” [55]. Medial elbow tendinopathy diagnosis is usually not as easy as a lateral
one [38]. In the differential diagnosis, one must also think of pain caused by ulnar or medial
antebrachial cutaneous nerve entrapments [56,57]. Cervical radiculopathy of C6 and C7
could be associated with weakness and dysfunction of pronator teres (PT), flexor carpi
ulnaris (FCR), palmaris longus (PL), flexor digitorum superficialis (FDS), and flexor carpi
ulnaris (FCU) muscles. Their imbalance can lead to the onset of medial epicondylitis [58].
For diagnosis, US imaging and an MRI are beneficial, mainly when history and physical
examination are noncontributory [59]. In adolescent pitchers, a common cause of medial
elbow pain is due to the fact of repetitive valgus overload. This condition is known as
“Little League elbow”. In severe cases, the medial epicondyle fracture may occur [60].

3.2.1. Essential Anatomy

The common flexor tendon (CFT), also known as the caput commune ulnare, is a
conjoint tendon of the flexor—pronator musculature on the medial humeral epicondyle
(ME) (Figure 5). The CFT attaches proximally to the anterior bundle of the medial collateral
ligament (MCL). The part of the CFT that is the ulnar head of the pronator teres muscle
(PT) is confluent with the anteromedial joint capsule [61]. The CFT is on average 3 cm
long and crosses the humeroulnar joint medially [62]. Flexor—pronator musculature is a
group of four muscles of the superficial layer of the anterior forearm compartment. These
muscles are the PT, FCR, PL, and FCU. The PT and FCR originate from the most proximal
and anterior part of the medial humeral epicondyle. They are the most susceptible to
tendinopathy development from the CFT [38]. Repetitive eccentric loading of muscles,
conducting wrist flexion, and forearm pronation combined with valgus overload at the
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elbow is considered the leading cause of golfer’s elbow [63]. The PT is inserted on the
lateral border of the radius in the middle of the radial diaphysis. Other tendons of the
flexor—pronator musculature undergo the flexor retinaculum of the wrist joint. The FCR
tendons are inserted in the ventral part of the base of the second and third metacarpals.
The PL inserts into the palmar aponeurosis. FCU is inserted onto the pisiform bone. PT,
FCR, and PL are innervated by the median nerve. The FCU is innervated by the ulnar
nerve. The ulnar nerve at the elbow level runs posterior to the medial epicondyle within
the cubital tunnel.

Proximal

Figure 5. Common origin of flexors from the medial epicondyle. (a) Common flexor tendon originat-
ing from the medial epicondyle. Muscles are covered by antebrachial fascia. (b) The same specimen
without fascial covering; the lacertus fibrosus was removed. Black arrow: medial epicondyle, yellow
arrowhead: median nerve, red arrowhead: brachial artery, black arrowhead: distal biceps tendon,
CFT: common flexor tendon, FCR: flexor carpi radialis muscle, FDS: flexor digitorum superficialis,
FCU: flexor carpi ulnaris muscle, LF: lacertus fibrosus (aponeurosis of the biceps brachii), PL: palmaris
longus muscle, and PT: pronator teres muscle.

3.2.2. US scanning and Guided Injection

For US scanning of the CFT, the patient may be positicned semi-supine on the exam-
ination bed while the patient’s arm is resting on the bed with the forearm hanging over
the bed’s edge. As an alternative, the patient may sit facing the examiner, leaning to the
ipsilateral side with the supinated forearm resting on an examination bed. To obtain the
longitudinal view of the CFT, the transducer is placed at the medial humeral epicondyle
(ME) along the forearm’s long axis. The important bony landmarks would be the ME and
coronoid process of the ulna. Superficial to these bony structures, the anterior bundle of
the MCL and CFT can be identified (Figure 6a). Compared to CET, the CFT is broader
and shorter. Normally, the CFT is proximally noncompressible and compressible distally
while the softer muscle tissue prevails the stiffer tendon. A sensitivity and specificity of
95% and 92%, respectively, have been reported for the detection of clinical golfer’s elbow.
Characteristic US images of medial epicondylitis show focal areas of hypoechogenicity [59].
Typically, the swelling in a golfer’s elbow is located very proximally (Figure 6b) [15]. Fur-
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ther signs, such as tendon thickening, cortical irregularities, intratendinous calcifications,
and hypervascularity, are also common (Figure 6¢,d). Notably, lesions of the anterior
bundle of MCL can mimic or be concurrent with medial epicondylitis. In such a scenario,
US imaging would reveal MCL structural abnormalities, e.g., thickening and discontinuity.
Notably, the dynamic US valgus stress test might be beneficial to demask MCL rupture,
coupled with elbow instability [19].

medial

Figure 6. Ultrasound images of the CFT: (a) normal image of the CFT, (b) a severe thickening and hypoechogenicity of the
CFT, (c) US image demonstrating degenerative changes and hypervascularity in the CFT, (d) small ganglion (white arrow)
in the CFT, (e) US-guided peritendinous CET injection showing the needle (white, dotted arrow) being inserted from medial
to lateral in a short axis of the CFT, (f) the needle (white, dotted arrow) can also be inserted from distal to proximal along

the long axis of the CFT.

There is a lack of evidence for injections in medial epicondylitis. To the best of our
knowledge, no meta-analysis was performed, and there are only a few RCTs. Stahl et
Kaufman [64] performed RCT on 60 elbows comparing CS injection with placebo and
concluded that CS injection has only short-term (6 weeks after the injection) benefit in
pain reduction. The long-term effect was the same for CS and placebo. Suresh et al. [65]
performed a prospective study on 20 subjects assessing pain reduction after dry-needling
and autologous blood injection under US control. They found this combined method
effective in reducing pain ten months after the procedure. Bohlen et al. [66] found in
their cohort study (level of evidence 3) that PRP injection had a similar clinical effect as
surgical treatment.

For the golfer’s elbow injection, the patient may be positioned in the prone while
his or her forearm also rests pronated on the examination bed (Figure 7). The probe is
positioned on the medial epicondyle perpendicular to the long axis of the forearm. The
needle is inserted from lateral to medial. Again, depending on the particular procedure
plan, the injection can be performed peri- or intratendinous. The parallel course of the
needle to the probe provides excellent needle visibility along its whole path (Figure 6e).
Alternatively, the needle can be inserted from distal to proximal (Figure 6f). When injecting
a golfer’s elbow, one should take caution not to pierce the ulnar nerve, particularly in
cases of ulnar nerve anterior dislocation [67] or in patients who underwent ulnar nerve
anterior transposition surgery. Using US imaging, the safe needle route can be determined
proceeding with the intervention.
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Figure 7. Prone position for the ultrasound-guided golfer’s elbow injection with the elbow flexed

and forearm pronated while supported on the examination bed.

3.3. Distal Biceps Tendinopathy

Overuse injury and tearing of the distal biceps tendon (DBT) typically presents as a
sudden onset of pain at the antecubital region, usually following an acute event, e.g., lifting
or catching a heavy object [68]. Distal biceps tendinopathy is rare compared to tennis or
golfer’s elbow. It is believed that tendinopathy and tearing of the distal biceps tendon
represent a mutual pathelogical process [38]. Cases of a complete tear of the distal biceps
tendon are reported to account for 3% of the total cases of biceps tendon rupture, and
the prevalence of this disease is estimated to be 2.55 per 100.000 [69] There is a 7.5 fold
increased risk of rupture in patients who smoke [70]. Most distal biceps tendinopathy cases
without the complete tear of the biceps tendon are generally associated with minor trauma
or repeated activity without accompanying trauma [71].

3.3.1. Essential Anatomy

Biceps brachii muscles originate in two heads. The short head originates in the
coracoid process of the scapula. The long head originates from the supraglenoid tubercle
and partly from the superior part of the glenoid labrum. A DBT is a conjoint tendon of two
heads. The long head inserts into a radial tuberosity proximal aspect, whereas the short
head inserts into the radial tuberosity’s distal aspect (Figure 8). Attachment of the DBT to
the radial tuberosity has a spreading area of approximately 3 em? [72]. Bifurcation of the
distal biceps tendon allows functional independence and isolated pathological processes of
each portion [73]. The fibers of the tendon form a spiral formation [74]. Proximal radioulnar
joint was identified as a potential site of impingement of the DBT, potentially influencing
the DBT vascular zone alterations [75]. The bicipitoradial bursa is located in between
the DBT and the anterior part of the radial tuberosity. Enthesopathy of DBT could be an
accompanying factor in the evolution of DBT tears [72]. At the elbow joint, the bicep muscle
torms the biceps aponeurosis, known as the lacertus fibrosus (LF). The LF originates from
the short head of the DBT and transverses medially over the CFT [38]. The biceps brachii
muscle is innervated by the musculocutaneous nerve.
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Figure 8. Insertion of biceps brachii. The cadaveric specimen shows an anteromedial aspect of the right elbow joint (all
specimens were in the same position). (a,b) Lacertus fibrosus (bicipital aponeurosis) fans out in the forearm’s fascia and

covers the brachial artery. (¢,d) The proper tendon of the biceps continues to the radial tuberosity. Its position is changing

during pronation (c) and supination (d). Notably, during the supination, the bicipital tendon is moving anteriorly and
superficially. (e) Area of insertion of the biceps tendon on radial tuberosity—proximally is situated tendon springs off from
the long head (LH) and more distally inserting tendon from the short head (SH). Black arrow: medial epicondyle, black
arrowhead: bicipital tendon, white asterisk: lateral cutaneous nerve of forearm, black asterisk: median cubital vein, white

arrowhead: brachial artery, Bi: biceps brachii muscle, Br: brachialis muscle, BrR: brachioradialis muscle, CFT: common
flexor tendon, LF: lacertus fibrosus (aponeurosis of the biceps brachii), PT: pronator teres muscle, RT: radial tuberosity.

3.3.2. US Scanning and Guided Injection

The assessment of the DBT using US imaging can be technically challenging given its
oblique course. There are different ultrasound approaches to assess the DBT. It is beneficial
to examine the patient lying supine with his or her upper limb extended along the trunk.
The patient is asked to actively supinate the forearm while the examination bed provides
a suitable resistance. The transducer is first placed in the transverse plane. When the
DBT is identified lateral to the brachial artery, the probe is turned 90° to visualize the
tendon in its long axis (Figures 9a,b and 10a). To reduce the unsolicited anisotropic artifact
given by the tendon’s oblique course, the examiner should perform a “heel-toe” maneuver
with the probe to obtain the optimal image to assess the DBT. Rotating the transducer
towards the pronator teres muscle, the lacertus fibrosus insertion will appear, attaching to
the superficial fascia of the muscle mentioned before. To visualize the insertion of the DBT
on the radial tuberosity, the elbow is flexed, the forearm is fully pronated, and the wrist
flexed to “cobra position” (Figure 9¢). The transducer is placed in the transverse aspect
of the forearm, at the radial head. The “cobra position” is convenient for injection at the
tendon insertion. The normal DBT image demonstrates homogenous fibrillar hyperechoic
echostructure. The DBT tendinopathy goes along with tendon hypoechogenicity, thickening
and sometimes also calcifications and increased vascularity. When the tendon is torn and
retracted, the recoiled stump may demonstrate the shadowing artifact (Figure 10b) [76].
Furthermore, bicipitoradial bursitis can also be revealed in some patients presenting with
anterior elbow pain.
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Figure 9. Ultrasound imaging and injection of distal bicep tendinopathy. (a) The physician sits adjacent to the examination
bed while the patient is lying supine. The patient’s actively supinated forearm rests along the body. (b) The same position
as described before in detail. (c) Ultrasound-guided injection of the distal bicep tendinopathy from the “cobra position”.
The elbow and wrist are flexed, while the forearm is fully pronated. The probe is placed in the transverse aspect of the

forearm at the radial head. The needle is inserted from lateral to medial.

brachinlis

Figure 10. Ultrasound images of the DBT: (a) normal longitudinal image of the DBT; (b) DBT is torn and retracted, and
the recoiled stump demonstrates the shadowing artifact (white arrow); (c) US-guided peritendinous injection of the DBT
at its footprint (white asterisk) showing the needle (white, dotted arrow) being inserted from the “cobra position” of the

patient’s forearm.

There is very little evidence regarding distal bicipital tendinopathy interventions and
injections. Sanli et al. [77] performed a prospective cohort study on 12 patients injecting
PRP with US guidance. The study showed significant improvement in pain and functional
outcome at 47 months follow up. Barker et al. [78] concluded on a cohort of six patients that
a US-guided PRP injection was an effective (regarding improving pain and performance
scores) and a safe procedure, but further investigation involving RCT is needed. For the
DBT injection, the patient can be positioned supine with the forearm in the “cobra position”
to access the tendon footprint avoiding the vulnerable adjacent neurovascular structures
(Figure 10c) [79]. Potentially vulnerable structures when injecting the DBT are the brachial
artery and median nerve, which follow the LE The course of the lateral cutaneous nerve of
the forearm [50] and the median cubital vein should be taken into account laterally from
the DBT. As such, the “cobra position” provides a potentially safer alternative to injection
in the anterior side of the elbow. Ultrasound guidance aids in visualizing structures that
should not be unintentionally injured.

i

3.4. Distal Triceps Tendinopathy

Distal triceps tendinopathy is the rarest of the tendinopathies around the elbow with
little evidence in the literature. Nirschl (1988) [51] described it as a “posterior tennis elbow”.
Triceps rupture represents the terminal phase of tendinopathy, again, similarly to distal
biceps tendinopathy. Tendinopathies may arise from both the medial and the lateral part
of the tendon [38]. An eccentric force on the contracting muscle has been proposed as a
possible injury mechanism [82].
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Several medical comorbidities have been described as potential predisposing risk
factors for this problem, including anabolic steroid use, local steroid injections for bursitis,
oral steroids, renal disease, diabetes, and familiar tendinopathy [83].

3.4.1. Essential Anatomy

The triceps brachii muscle (TBM) is formed from three heads. The long head originates
in the infraglenoid tubercle of the scapula. The lateral head originates in the posterolateral
aspect of the humeral shaft, proximally to the radial sulcus. The medial head originates in
the posteromedial aspect of the humeral shaft, distally from the radial sulcus. The TBM
tendon inserts into the olecranon (Figure 11). The attachment is approximately 12-14 mm
distal to the olecranon tip with an average width of 40 mm [84]. The lateral and long
heads of the TBM converge distally and form the superficial part of the triceps tendon
attachment. This part attaches to the olecranon’s medial aspect, where it may converge
with the anconeus muscle’s fascia [38]. The medial head forms the deep portion of the
triceps inserted into the olecranon [85] and is mainly muscular at its insertion [86]. Some
authors describe the space filled with fatty tissue between these attachments like “distal
pretricipital space” on MRI sections and cadaver specimens [87]. The triceps muscle is
innervated by the radial nerve.

Figure 11. The tricipital tendon (right elbow). (a) The tricipital tendon is attached to the olecranon. The tendon has a
bipartite arrangement. The medial head has separate insertion from the common tendon of lateral and long heads. The
dashed line indicates the border between them. (b) Attachment of the common and medial heads on the sagittal section.
The medial head’s insertion is more muscular and more profound than the common head insertion. (c) Location of muscular
and ligamentous attachments on proximal ulna from the posterior aspect. Black asterisks: distal pretricipital space filled
with fat and connective tissue, white asterisk: the posterior fat pad inside the joint, white arrowhead: ulnar nerve, AL:
annular ligament, An: anconeus muscle, Br: brachialis muscle, BrR: brachioradialis muscle, CFT: common flexor tendon,

ECRL: extensor carpi radialis longus muscle, ECRB: extensor carpi radialis brevis muscle, EDig;: extensor digitorum muscle,
ECU: extensor carpi ulnaris muscle, FCU: flexor carpi ulnaris muscle, FDS: flexor digitorum superficialis muscle, FDP: flexor
digitorum profundus muscle, JC: joint capsule, ME: medial epicondyle, Ole: olecranon, Pte: pronator teres TriMe: triceps
brachii—medial head, Tri-CoH: triceps brachii-common head (lateral and long head).

58



P4

Appl. Sei. 2021, 11, 3431

130f17

3.4.2. US Scanning and Guided Injection

The triceps tendon (TT) evaluation can be performed with the patient positioned
semi-supine on the examination bed. Using this positioning technique, the elbow rests
on the patient’s stomach, while the elbow is free for flexion/extension dynamic assess-
ment. The dynamic evaluation is useful to assess for the TT continuity but also to rule
out the presence of fluid/loose bodies in the olecranon fossa. For the TT assessment—the
longitudinal view—the examiner can see the myotendinous junction and the TT insertion
footprint on the olecranon (Figure 12a). The US features of TT tendinopathy comprise local
hypoechogenicity, tendon thickening, hypervascularity, calcifications, and bony irregulari-
ties /spur (Figure 12b). Triceps tendon tendinopathy is rare; however, inflammation of the
overlaying olecranon bursa is more common, particularly following trauma or in patients
with inflammatory diseases. The way to aspirate olecranon bursitis should be decided with
respect to local anatomy (e.g., septa, adjacent structures). Notably, US guidance provides
clinicians freedom in all interventional procedures [88]. There is little evidence using
US-guided injections in triceps tendinopathy. Cheatham et al. [89] reported a case report
of a patient with distal triceps partial tear treated with PRP injection and rehabilitation,
resulting in pain-free activities of daily living and return to preinjury sports activity after
four months. When injecting TT, a potentially vulnerable structure would be the ulnar
nerve, which passes medially along the tendon. Using the lateral approach and the US
guidance can reduce the risk of iatrogenic injury to the nerve (Figure 13).

tricaps muscle

Figure 12. Ultrasound images of the distal triceps tendon (TT): (a) normal longitudinal image of the TT; (b) US image that

demonstrates a prominent spur (white arrow) at the olecranon’s TT insertion site.

Figure 13. Ultrasound imaging and injection of the distal triceps tendinopathy: (a) the patient in the decubitus position

with the shoulder internally rotated; (b) the same procedure as described before in detail—the needle is inserted from lateral

to medial.
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4. Conclusions

Elbow pain resulting from overuse or trauma is a common cause of patients’ visits to
physicians” practice. This review describes four common musculoskeletal pathologies and
their interventional treatment. A clinical examination often brings only incomplete informa-
tion and, therefore, using US imaging daily helps us set the final diagnosis. Moreover, it can
guide interventions to target a precisely treated structure and avoid vulnerable structures
such as nerves or vessels. An emerging and promising tool in tendon imaging is ultra-
sound elastography to assess tissue properties by measuring their stiffness. Nevertheless,
ultrasound elastography still requires validation to become a reliable method for tendon
pathology assessment [90,91]. Future research in ultrasound imaging can be directed to-
wards further image quality improvement. One option would be a fuzzy pre-processing
operation to pretreat the images before proceeding with the clinical evaluation [92,93].

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article /10.3
390/app11083431 /51, Video S1: Ultrasound-guided tennis elbow injection: distal to proximal approach.
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Ulnar neuropathy at the elbow (UNE) is commonly encountered in clinical practice.
It results from either static or dynamic compression of the ulnar nerve. While the
retroepicondylar groove and its surrounding structures are quite superficial, the use of
ultrasound (US) imaging is associated with the following advantages: (1) an excellent
spatial resolution allows a detailed morphological assessment of the ulnar nerve and
adjacent structures, (2) dynamic imaging represents the gold standard for assessing the
ulnar nerve stability in the retroepicondylar groove during flexion/extension, and (3) US
guidance bears the capability of increasing the accuracy and safety of injections. This
review aims to illustrate the ulnar nerve’s detailed anatomy at the elbow using cadaveric
images to understand better both static and dynamic imaging of the ulnar nerve around
the elbow. Pathologies covering ulnar nerve instability, idiopathic cubital tunnel syndrome,
space-occupying lesions (e.g., ganglion, heterotopic ossification, aberrant veins, and
anconeus epitrochlearis muscle) are presented. Additionally, the authors also exemplify
the scientific evidence from the literature supporting the proposition that US guidance is
beneficial in injection therapy of UNE. The non-surgical management description covers
activity modifications, splinting, neuromobilization/gliding exercise, and physical agents.
In the operative treatment description, an emphasis is put on two commonly used
approaches—in situ decompression and anterior transpositions.

Keywords: ulnar nerve (MeSH), ultrasound, musculoskeletal, US-guidance, entrapment neuropathy, cubital tunnel
syndrome, peripheral nerve, elbow

INTRODUCTION

Ulnar neuropathy at the elbow (UNE) represents the second most common entrapment
neuropathy in the upper extremity encountered in clinical practice. The features suggesting a lesion
of the ulnar nerve (UN) are based upon knowledge of the UN and its sensory and motor branch
distribution. However, due to anatomic variations, a broad spectrum of differential diagnoses,
and miscellaneous clinical presentations, the clinical diagnosis is often far from straightforward.
If not treated timely and adequately, UNE can progress to persistent impairment of sensation,
pareses, and joint contracture (1). Ultrasound (US) imaging might provide better insight into the
UN morphology, mainly if the diagnosis is in doubt. The UN can be depicted using high-end
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US equipment with a high resolution in its course from the axilla
to palm level (2). US imaging is an emerging tool in physicians’
clinical practice across different specialties (3), as it allows an
immediate correlation between imaging and clinical findings. It
also provides a sort of “US-assisted physical examination,” e.g,,
“sono-Tinel” and “sono-palpation” (4). A better understanding
of the relevant (sono)anatomy might help optimize clinical
reasoning in patients presenting with UNE symptoms (5).

ANATOMY

In practice, there are mainly two locations where the UN
can be compressed: the retroepicondylar groove and under
the humeroulnar aponeurotic arcade (HUA). However, the
UN can be entrapped at various sites across the elbow: the
medial intermuscular septum (MIS) of the arm, the thickened
proximal edge of the arcade of Struthers and the entire arcade
of Struthers, cubital tunnel, connective tissue between the flexor
carpi ulnaris (FCU), and flexor digitorum superficialis (FDS)
muscles (Figure 1). The UN is the terminal branch of the brachial
plexus’s medial cord and originates mainly from C8 and T1
and sometimes also receives fibers from C7 roots. At the arm
level, the UN descends toward the medial bicipital sulcus along
with the MIS. Approximately 10 cm above the elbow (6), the
UN penetrates the MIS from the arm’s anterior to the posterior
compartment (Figure 2) (7). Struthers arcade is a non-constant,
morphologically variable tendinous or muscular tissue situated
6-10 cm proximal to the medial epicondyle (ME), between the
medial head of the triceps brachii muscle and MIS (1). Mizia et al.
(8) estimated its prevalence as 53%. Tubbs et al. (9) described
three types of Struthers' arcade. Type I was described as the
most common, where thickening of the brachial fascia formed
the arcade. In type I, the arcade is related to the internal brachial
ligament (aponeurotic continuation of the brachialis muscle),
and type III arcade is due to thickened MIS (9).

In some cases, the arcade can be formed by the superficial
muscle fibers of the medial head of the triceps brachii muscle as
they attach the MIS (10).

Then they pass through the retroepicondylar groove (RTC,
groove for the UN in formal anatomical terminology), which a
floor is formed by the posterior bundle of the medial collateral
ligament, and the roof is represented by a superficial fascia
or non-constant retroepicondylar retinaculum. In the relaxed
condition (when the elbow is extended), the retinaculum is
shorter, whereas it stretches during the elbow flexion. This
retinaculum was described as a structure under which UN
entrapment may occur (11). O'Driscoll et al. (12) divided the
retinaculum into four groups, considering its morphology and
function. In type 0, the retinaculum was absent. In type Ia, the
retinaculum was lax in extension and faut in full flexion not
compressing the UN. Type Ib stands for the retinaculum that
tights at 90-120° of flexion, with evidence of UN compression. In
type II, the ligament was replaced by the anconeus epitrochlearis
muscle (12).

Abbreviations: CSA, cross-sectional area; FCU, flexor carpi ulnaris; ME, medial
epicondyle of the humerus; MIS, medial intermuscular septum; RCT, randomized
controlled trial; UN, ulnar nerve; US, ultrasound.

HUA 4

FIGURE 1 | Possible sites of compression of the ulnar nerve at and around
the elbow: (1) the medial intermuscular septum of the amn, (2) arcade of
Struthers, (3) cubital tunnel, and (4) connective tissue between flexor carpi
ulnaris and flexor digitorum superficialis muscles. RTC, retroepicondyar
groove; HUA, humeroulnar aponeurotic arcade.

The nerve continues distally behind (ME) the elbow. It enters
the forearm through the true cubital tunnel (Figure 3), a space
between the ulna and the ulnar and humeral heads of FCU, and a
thickened fascial tissue connecting the two heads of FCU, known
as the HUA (Figure 4) (13). HUA represents a thickened fascial
tissue layer derived from the fusion of the antebrachial fascia and
the deep fascia of the FCU (14).

After exiting the cubital tunnel, the nerve runs inside the FCU
muscle and distally between the FCU and the flexor digitorum
profundus (FDP) muscle. In the proximal forearm, the nerve
runs at a certain distance from the ulnar artery, while more
distally, the ulnar artery and nerve become adjacent. Won et al.
(15) described the aponeurosis of flexor muscles of the forearm,
such as intermuscular aponeuroses between the FCU and flexor
digitorum superficialis, and between the FCU and the FDP as a
potential site of entrapment of the UN (15).

EPIDEMIOLOGY AND RISK FACTORS

The prevalence of UNE reaches up to 5.9% in the general
population (16). An increased risk for developing UNE has been
reported in association with smoking (17). Another retrospective
study identified increasing age and male sex as risk factors
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proximal

anterior

medial

triceps brachii

FIGURE 2 | Course of the ulnar nerve in the arm. (A) Relationship of the ulnar nerve (U) and the medial septum (MIS). Uinar nerve penetrates the medial septum—the
penetration is demarcated by a ligamentous thickening (Struther’s arcade). (B) Penetration of the septum and further course of the ulnar nenve is covered by muscular
fibers of medial head of ticeps brachil muscle, which begins on the medial intermuscular septum. (C) Transverse section of midam depicting the relationship between
ulnar nerve (U) and medial intermuscular septum (white arrow). BA, brachial artery; Bi, biceps brachii muscle; Br, brachialis muscle; BV, brachial vein; Hu, humerus: M,
median nerve; ME, medial epicondyle; MIS, medial intermuscular septum; U, ulnar nerve; white amow, medial intermuscular septum.

anterior
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FIGURE 3 | Retroepicondylar groove and the entrance to the cubital tunnel. {A) Entrance of the ulnar nerve to the cubital tunnel. (B) Demarcation of the cubital tunnel.
BA, brachial artery; Br. brachialis muscle; BT, biceps brachii muscle tendon; BV, brachial vein; CFT, commen flexor tendon; FCU, flexor carpi ulnaris muscle; ME,

medial epicondyle; ole, olecrancn; U, ulnar nerve; black arrow, medial colateral ligament, posterior bundle; white arrow, retroepicondylar retinaculum.

and Podnar, the incidence rate of UN subluxation and dislocation
may reach up to 27 and 20%, respectively. According to their data,
the UN dislocation may cause mild damage to the UN (23).

for UNE development (18). UNE development is also possible
in relation to occupational hand-arm-vibration exposure (19).
Interestingly, UNE was reported on the left side more frequently
than on the right, regardless of the patient’s handedness (20).
Although recurrent subluxation or dislocation of the UN and its
contribution to UNE is widely debated, some authors consider
the UN instability as one of the risk factors for UNE (21).
The reported prevalence of UN instability varies depending on
the method of measurement. In asymptomatic arms, Van Den
Berg et al. (22) reported the occurrence of UN subluxation and
dislocation as 5.7 and 5.7%, respectively. According to Omejec

PATHOPHYSIOLOGY AND CAUSES

The UN at the elbow level can be harmed statically in entrapment
neuropathies (usually below the HUA). UNE at the HUA level
was reported to be associated with hard manual labor. By
contrast, episodic damage to the UN may occur during specific
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aponeurosis; red arrow, intermuscular connective tissue between FCU and FDP.

A distal

FIGURE 4 | Cubital tunnel. (&) View on proximal part of the cubital tunnel with humeroulnar aponeurotic arcade (HUA) and ulnar nerve (L) going between humeral (1)
and ulnar (2) head of flexor carpi ulnaris muscle [FCU). The course of ulnar nerve between FCU and flexor digitorum superficialis muscle (FDS). Humeral head is moved
away, and the retroepicondylar retinaculum is transsected (white arow). (B) Ulnar nerve exiting the cubital tunnel to foreamm. The nerve is in close relationship to
intermuscular connective tissue between FCU and FDS (black asterisk). (C) Cross section of the forearm depicting the relationship between the ulnar nerve and
surrounding muscles and connective tissues red and blue arrows). (1) flexor carpi ulnaris muscle, humeral head: (2) flexcr carpi ulnaris muscle, ulnar head; HUA,
hurmeroulnar aponeurctic arcade; Brachiorad, brachioradialis muscle; FCU, flexor campi ulnaris muscle; FDP, flexor digitorum profundus muscle; FDS, flexor digitorum
superficialis muscle; ole, olecranaon; PrT, pronator teres; U, ulnar nerve; blue arow, intermuscular connective tissue between FCU and FDS, deep flexor pronator

anterior

brachiorad

lateral

movements (typically elbow flexion) or external compression
around the retroepicondylar groove, e.g., when the forearm is
lying pronated on the desk during working on the computer (a
possible explanation of the more common occurrence of UNE on
the left) (23). The pathophysiology of dynamic UN compression
is not yet fully understood. Nevertheless, some factors associated
with elbow flexion seem to play a crucial role, eg., tightening
of the retroepicondylar groove retinaculum. Furthermore, a
decrease in the canal’s volume, increase of intracanal pressure,
and the strain of the UN accompanied by its flattening were
also documented during the elbow flexion (24, 25). A congenital
absence of the retroepicondylar groove retinaculum forming
its roof is one of the possible explanations for the increased
mobility of the UN outside the retroepicondylar groove during
elbow flexion (11). Another factor possibly contributing to the
UN instability would be a shallow bony retroepicondylar groove
(26). However, as UN instability was reported to be common
in asymptomatic volunteers, the causative relationship between
symptoms and UN instability remains unclear (27). Although
asymptomatic in most cases, UN instability is considered as a
possible cause of pain syndrome due to friction and increased
pressure applied to the UN across the ME.

Furthermore, as the hypermobile UN becomes more
vulnerable during flexion, a direct trauma or pressure forces
might contribute to its damage. According to Bordes et al
(28) review, the UN instability can also contribute to frictional
and tractional neuritis. The concept of “frictional neuritis”
assumes the subluxating/dislocating UN being irritated during
the movement against bony irregularities around an arthritic
or post-traumatic joint. Interestingly, Leis et al. (29) proposed
complete UN dislocation as a protective factor toward the nerve
strain. In entrapment neuropathy, an impaired intraneural blood

flow and axoplasmic transport inside the nerve might trigger
swelling. Ifthe flow inside the nerve remains impaired, long-term
intra- and extraneural fibrotic alternation with irreversible nerve
damage may occur (30).

In contrast, Omejec and Podnar reported the nerve
constriction as typical for UN entrapment distal to the ME
by using US imaging. Simultaneously, lesions at or proximal
to the ME did not show the UN'’s characteristic hourglass
appearance, indicating its swelling in the longitudinal view (31).
Other underlying causes of UNE at the elbow would comprise
nerve tumors or space-occupying lesions (ganglia, accessory
muscles, bony irregularities/osteophytes, or traumatic bone
abruption) (32). Regarding the accessory anconeus epitrochlearis
muscle, its causative role in UNE development is controversial.
Wilson et al. (33) reported the occurrence of accessory anconeus
epitrochlearis muscle significantly lower in patients with
cubital tunnel syndrome than in asymptomatic controls. They
hypothesized that anconeus epitrochlearis might be a protective
factor against UNE development (33).

DIAGNOSIS AND ULTRASOUND
SCANNING TECHNIQUES

Diagnosis is based on history, physical examination,
electrophysiological assessment, and US examination. Symptoms
suggesting the UNE at the elbow are medial elbow pain, tingling,
and numbness in the UN supplied area (usually the fourth and
fifth digits). These symptoms are commonly aggravated with
elbow flexion, e.g., when talking on the phone or leaning on the
elbow at the table, or sleeping with the elbow bent more than
90°. Due to neuropathic pain, sleep disturbance is common

Frortiers in Neurology | www.frontiersin.org

67

May 2021 | Violume 12 | Article 661441



P5

Mezian et al Ulnar Neuropathy at the Elbow

FIGURE 5 | Uttrasound (L/S) imaging of the ulnar nerve (U) at the level of the medial epicondyle (ME) in a patient with symptomatic uinar nerve dislocation. Both
longitudinal (A) and short-axis (B) views clearly demonstrate a close contact between the ulnar nerve and common flexor tendon origin. U, ulnar nerve; CFT, common
flexor tendon; ME, medial epicondyle.

in patients presenting with cubital tunnel syndrome (34, 35).  is 10 cm, a small lesion typical for UNE can be missed because
Patients sometimes describe having difficulties with typing on  of the dilution of the short abnormal segment in a much longer
a keyboard, buttoning buttons, and opening bottles. However,  unaffected measured segment. Therefore, another method called
more contributory (motor) findings suggesting UN damage  SSMS (inching) technique is used to reveal the UN’s focal damage
are often absent initially (e.g., atrophy and weakness of the  more precisely. The elbow should be flexed to 90°, to prevent
intrinsic hand muscles). The broad differential diagnosis even  slack of the UN, which occurs when the elbow is fully extended
mounts diagnostic challenges, covering Guyon canal syndrome,  and leads to an apparent slow conduction velocity across the
carpal tunnel syndrome, C7 or C8 radiculopathy (sometimes  elbow (39). The inching method evaluates short segments (most
coexisting with UNE), brachial plexopathy, or Pancoast’s tumor  often 2 cm blocks) of the UN from under the elbow to above
invading its medial cord, generalized polyneuropathy, and  the elbow. This method’s advantage is the precise localization of
tendinopathy (36). The UNE is often misdiagnosed as a golfer’s  the nerve damage, which is important because it can influence
elbow due to an intimate relationship between UN and the  decision making on whether conservative or surgical treatment
common flexor tendon (CFT) origin. Notably, in a case of UN  is more beneficial (40). On the other hand, this method is
instability, the nerve can be directly overlying the CFT during  technically more difficult, and despite the higher sensitivity, this
elbow flexion (Figure 5). In more severe cases, weakness and the ~ method is rarely used in clinical practice. Some studies presented
UN'’s innervated muscle wasting can be apparent (the first dorsal ~ normative and reference values for SSMS UN evaluation (31,
interosseous muscle in particular). 41). As sensory nerves are more sensitive to compression than
Further characteristic findings of severe UNE are clawing  motor nerves, SNCS reveals pathology earlier than MNCS, but
of the ring and small fingers (also known as Duchenne’s it has low significance in the diagnostic process because of its
sign), Wartenberg’s sign (involuntary abduction of the little  low specificity. Needle examination is important for ruling out
finger), and a positive Froment’s sign (weakening of the pinch  other nerve damage sites such as wrist, brachial plexus lesion,
grip between the thumb and index finger). Several diagnostic ~ or C8 radiculopathy. However, electrodiagnostic studies are not
provocative tests aid in diagnosing UNE, e.g., the Tinel test  contributory in assessing the morphology of the UN and its
at the retroepicondylar groove and the elbow flexion test with  surrounding tissues. A secondary cause of UN compression
wrist extension. Additional shoulder internal rotation has been  (e.g., ganglion and heterotopic ossification) can be missed if an
reported to increase sensitivity and specificity (24). Furthermore,  imaging examination is not carried out.
impairment of two-point discrimination of the ring/small fingers Additionally, the clinical (and electrophysiological)
can also be present. For assessing of the dislocating UN,  examination can lead to an erroneous diagnosis if an anomalous
sometimes, the nerve snapping beneath the fingertips anterior  innervation is present, e.g, Martin-Gruber or Marinacci
to the ME during elbow flexion can be perceived. The clinical ~ anastomosis (42, 43). These forearm interconnections between
severity is widely evaluated using McGowan’s classification:  the motor branches of the ulnar and median nerves account for
Grade I, intermittent subjective symptoms with or without mild ~ a prevalence of up to 39% of healthy individuals (44) and can
hypoesthesia; Grade 2, remarkable sensory loss and measurable ~ be sometimes identified with US imaging (45). To this end, US
motor weakness of ulnar intrinsic hand muscles (both lumbrical ~ or magnetic resonance imaging should be considered, mainly
and interosseous muscles); and Grade 3, persistent severe if the diagnosis is in doubt. Conventional radiographs can be
sensorimotor deficits with muscle wasting (37). beneficial in assessing for the cubitus valgus, bony deformities,
Electrodiagnosis represents a useful tool for diagnosing UNE,  and space-occupying lesions (e.g., heterotopic ossification).
determining the site of entrapment and disease severity (from

mild to demyelinating or axonal), aiding in prognosis, and ULTRASOUND SCANNING TECHNIQUES

ruling out alternative diagnoses (e.g., carpal tunnel syndrome

or radiculopathy) (38). The following techniques can be used: Device Settings and Patient Positioning
motc-)r nerve conduction studies (MNCSS)'_ short segmenr motor  The jmages and videos in this section (except for the images of
studies (SSMSS)’A sensoly nerve CUHF]LICUOII studies (S:‘\]CSS)’ exemplary pathology) were obtained using the Samsung UGEO
and needle examination. UN MNCS is a commonly performed  gn70A machine (Samsung, Seoul, South Korea) with a 3—

method. As the length of the standard MNCS measured segment g MHz linear transducer. Settings for the depth, gain, and
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frequency were adjusted by the examiner to obtain the optimal
image of the UN. The focus was positioned at the same depth or
just below the UN. For the comfortable UN visualization in the
retroepicondylar groove, the patient is positioned supine on the
examination bed. The patient’s arm is resting on the examination
bed with the forearm hanging over the edge of the bed, so the
examiner can comfortably reach the retroepicondylar groove.
The described position is comfortable for both the patient and
the examiner (46). The UN evaluation and dynamic dislocation
test can be easily performed, while the examination bed provides
excellent probe stability. For the UN assessment at the elbow,
both static and dynamic scans need to be performed (47).

Static Evaluation

First, the transducer is positioned between the olecranon
and the medial humeral epicondyle. The UN can be seen
adjacent to the ME’s bony surface as a uni- or multifascicular
hypoechoic, round, oval, or triangle-like structure surrounded
by a hyperechoic rim (Figure 6A). Due to the arching course,
the UN appears hypoechoic at the retroepicondylar groove
as a result of anisotropy (48). A hypoechoic band extended
from the medial humeral condyle to the olecranon represents
the retroepicondylar retinaculum. Rotation of US transducer
90° will change the short-axis view into a long-axis view
of the UN (Figure 6B). In the authors’ opinion, this is a
convenient site from which the UN can be easily tracked either
proximally or distally. For the proximal tracking, the UN is
followed from the retroepicondylar groove further proximally.
It ascends along the anterior aspect of the medial head of
the triceps brachii muscle, posterior to the MIS (Figure 7A).
Further proximally, at the midarm level, it inclines laterally
while piercing the MIS to reach the anterior compartment,
where it accompanies on the posteromedial side the proximal
part of the brachial artery and brachial veins (Figure 7B). More
proximally, the UN runs beside the axillary artery. For the
UN distal tracking from the retroepicondylar groove level, the
examiner follows the UN while entering the cubital tunnel
between the humeral and ulnar heads of the FCU (Figure 7C).
More distally, the UN runs inside the FCU and further between
the FCU and FDP muscles (Figure 7D). In the proximal
mid-forearm, the UN starts to be accompanied by the ulnar
artery (Figures4, 7E). At the wrist, the UN enters its cross-
sectional triangular-shaped Guyon canal, which is superficially
bounded by the palmar carpal ligament. The transverse carpal
ligament forms the floor, and the pisiform represents the medial
border (Figure 7F).

In general, characteristic US findings suggest nerve function
impairment and swelling (usually) proximal to the compression
site, loss of the normal nerve fascicular pattern, and reduced
nerve mobility (47). In addition, the Doppler sonography can
reveal hypervascularity to evaluate the severity of UNE (49).

An essential method to evaluate the UN statically is the
measurement of its cross-sectional area (CSA) along the inner
hypoechoic border (Figure 8). At the same time, the examiner
can use digital tracing methods to obtain its numeric values.
According to Chang et al. (50) meta-analysis, UN CSA’s upper
cutoff value of 10 mm?’ at the ME level should be considered

for diagnosing UNE. Mean values of 18.3 mm? in CSA were
reported in severe cases with axonal loss (51). As an alternative, a
swelling ratio of the UN CSAwgE/CSAgypearm has also been proven
as a good indicator to diagnose UNE, particularly in patients
with polyneuropathy (52, 53). Besides, a focal change of the
UN diameter or hourglass-shaped appearance suggests of the
location of the nerve lesion in case of mechanical compression
or torsion (54).

Dynamic Evaluation

‘While the hand of the examiner is supported on the examination
bed, the patient’s supine position for the UN dynamic assessment
provides excellent probe stability during passive movement from
extension to full flexion (usually 135%) of the elbow. Notably,
the examiner should avoid too much pressure on the transducer,
as this may cause deformation of the UN and prevent its
dislocation. Dynamic US evaluation of the UN allows real-time
visualization of the UN in high resolution throughout elbow
flexion and extension. Thus, it is considered the gold standard
method to assess its stability within the retroepicondylar groove.
In a part of the population, the UN moves anteromedially,
out of the retroepicondylar groove upon elbow flexion either
onto the tip (Supplementary Video 1) or snapping entirely
anterior to the ME (Supplementary Video 2). At the same
time, it relocates back to its groove during extension (22). For
increased mobility of the UN, Childress, in 1975, proposed
a classification to type A (incomplete dislocation) and type
B (complete dislocation) during elbow flexion (55). The UN
hypermobility was identified in 37% and of those bilaterally in
30% as reported by Calfee et al. (56). Besides increased mobility,
the UN during elbow flexion also shows a change in its shape in
terms of flattening (25).

Exemplary Pathologies

Theoretically, the UN can be compressed at any site along
its course in the upper extremity (32). Besides idiopathic
entrapment neuropathy, other relevant causes of UNE are
space-occupying lesions, e.g., ganglion (Figure 9A), heterotopic
ossification (Figure 9B), anconeus epitrochlearis accessory
muscle (Figure 9C), peripheral nerve tumors, elbow fractures
associated with cubitus valgus or post-traumatic degenerative
joint disease (Figure 9D), the nerve compression from scar
tissue (Figure 9E), aberrant veins (Figure 9F) (57), and systemic
diseases, e.g., diabetes or leprosy. Importantly, dynamic nerve
irritation associated with repeated subluxation/dislocation
outside the retroepicondylar groove during flexion of the elbow
is also possible (Supplementary Videos 1, 2) (58).

NON-SURGICAL TREATMENT

Conservative treatment of UNE region mainly consists of
approaches based on empirical experience more than on a
significant level of quantified evidence. A key component of
the treatment is to instruct the patient concerning risky arm
positions, along with situations and movements that should be
avoided. Furthermore, non-operative treatment often includes
anti-inflammatory medications, manual therapy, splinting,
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retinaculum.

FIGURE 6 | Normal ultrasound images of the ulnar nerve. (A) Short axis. (B) Long axis. U, ulnar nerve; ME, medial epicondyle; arowheads, retroepicondylar
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FIGURE 7 | Proximal and distal tracking of the ulnar nerve starting from the retreepicondylar groove. (A) Midarm, arrowhead: medial intermuscular septum. (B)
Proximal midarm. (C) Flexer carpi ulnaris muscle (FCU) level. (D) Proximal forearm. (E) Proximal mid-forearm, the ulnar nerve accompanied by the ulnar artery. (F)
Ulnar nerve in Guyon canal [amowheads). FDP, flexor digitorum profundus muscle; FDS, flexor digitorum superficialis muscle; U, ulhar nerve; BA, brachial artery; BY,

FCU -
humeral
head

pisiforme

kinesiotaping, exercise and neurodynamic mobilization,
electrotherapy, shock wave therapy, dry needling, and injections.
In general, the non-surgical treatment seems to be less suitable
for patients with persistent post-traumatic cubital tunnel
symptoms (59). Omejec and Podnar reported a study on 96
patients where the treatment was tailored based on the presumed
mechanism of the UN’s compression. The patients with external
compression were instructed to avoid risky positioning, and
those with entrapment under the HUA were offered surgical
release. They reported an improvement in 83% of HUA and 84%
of RTC patients. In line with this strategy, another 11 patients
who were treated contrary to their recommendations showed
less favorable outcomes (60).

The majority of studies on conservative treatment of UNE
consists of case reports or case series with a low number of
patients. Nearlyall studies demonstrated clinical improvement in
patient symptoms over time. However, the absence of adequate

controls made it difficult to distinguish the natural amelioration
of cubital tunnel syndrome from the effects of therapy (61).

The latest Cochrane review on the treatment of UNE
identified only two studies on the treatment of UNE using
conservative approaches (62). Besides, it was not very clear
when to treat a person with this condition conservatively or
surgically (62). Another recent systematic review confirms the
paucity of literature and high-quality studies regarding the
conservative management of cubital tunnel syndrome. The
following treatment modalities were identified: education and
activity modification, splinting, steroid/lidocaine injection, nerve
mobilization/gliding, pulsed US, laser therapy, non-steroidal
anti-inflammatory drugs, and physiotherapy. Kooner et al. (61)
systematic review suggested that activity modification/education
and splinting may be effective for mild or moderate disease.

Svernlov et al. (63) published one of the few clinical
trials evaluating the conservative treatment of cubital tunnel
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FIGURE 8 | Comparative Utrasound (US) imaging of the uinar nerve (U) at the level of the medial epicondyle (ME) in a patient with cubital tunnel syndroms. When
compared with the nomal side. (A) The asymptomatic side in a long axis of the ulnar nerve. (B) The symptomatic side ulnar nerve shows swelling ("bottle neck
appearance”) proximal to the cubital tunnel inlet in long-axis. (D,E) In short axis, compared with the normal side (C), the ulnar nerve on the symptomatic side shows
enlargement in its cross-sectional area of 18 mm? outlined using the direct US tracing method (green dotted fine). Hum, humerus; FCU, flexor carpi ulnaris muscle.

lateral

ME

distal

FIGURE 9 | Uttrascund images of the ulnar nerve exemplary pathclogies. (A) Short-axis image at the level of the humeral medial epicondyle (ME) shows the ulhar
nerve (L) in an intimate contact with a ganglion {white amowhead), likely derived from the triceps tendon. (B) A short-axis US image of the ulnar nerve situated just next
to the heterctopic ossfification (HO). (C) The ulnar nerve short-axis image shows an accessory anconeus epitrochlearis muscle (asterisk). (D) A lengitudinal US image
of the post-traumatic degenerative joint disease with effusion compressing the ulnar nerve. (E) A longitudinal image of the ulnar nerve depicts the nerve compression
from scar tissue after olecranon surgery. (F) A short-axis view at the ulnar nerve (L) shows an aberant vein (white arrow) next to it. ME, medial epicondyle of humerus;

U, ulnar nerve.
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syndrome. This study of 3 months” duration enrolled 70 subjects
with mild-to-moderate discomfort, while 51 subjects completed
the study. All patients were employed as manual laborers. The
subjects were randomly divided into three groups. One group
was instructed to use a prefabricated elbow brace each night for
3 months. The brace prevented flexion of more than 45°. The
second group was instructed to perform nerve gliding exercises.
The third group did not perform exercises or apply any night
braces. All three groups received the same written information
on the anatomy of the UN, an explanation of the probable
pathomechanics, and a regimen regarding the avoidance of
movements and positions provoking the symptoms. Surprisingly,
after 6 months, there was no significant difference in hand
function, pain, strength, and neurophysiological examination.
Ninety percent of patients with mild-to-moderate cubital tunnel
symptoms (most patients had normal electrodiagnostic testing)
improved with non-surgical treatment. In that study, 10% of
patients had proceeded to surgical intervention at 6 months.
Information on the causes of the condition and how to avoid
provocation appeared sufficient, while night splints and nerve
gliding exercises did not add favorably in this patient group (63).

Instructions to the Patients

It is supposed that traction is one of the key mechanisms
causing harm to the UN, while an elevated level of strain
is strongly associated with elbow flexion. Furthermore, the
duration of abnormal postures or repetitive motion probably
plays a significant role in the UNE development. The strain in
UN is particularly increased when nerve gliding is limited. As
Vinitpairot et al. (64) described on a cadaveric model, the strain
on the UN can increase if nerve gliding is restricted by 154%
while working on a computer. The long-term static activity of
the FCU muscle, e.g., when using a cell phone or working on a
computer, or in relation to some occupations (e.g., glassmakers),
probably also plays an important role. If repetitive external
pressure and traction occur, often concerning activities that
provoke pain and paresthesia, these symptom-causing activities
should be avoided or modified. The importance of modification
of movement regime was demonstrated in the above-mentioned
study by Svernlov et al. (63), where night splints and nerve
gliding exercises did not add any benefit in addition to the simple
instruction to avoid provocative moments (63). Arm position
control may be difficult during sleep when the arm may move
into a sharp flexion ofthe elbow beyond conscious control; hence,
the use of a night brace may be appropriate in some cases.

Splinting

The main principle of splinting is the reduction of compressive
and tensile pressure on the UN by limiting elbow flexion (65).
A nightly fixation of the elbow with a splint made of plastic
material with good padding from the middle of the upper arm
all way to the hand (30-35" flexion of the elbow, forearm at 10-
207 pronation, and the wrist in a neutral position) for 6 months
led to a significant amelioration of symptoms (66, 67). Nocturnal
splinting can be shorter in clinical practice than the 6 months
mentioned above, depending on symptom relief. Other splint
options range from rolled towels placed in the antecubital fossa

and secured with an elastic bandage using a neoprene brace
with aluminum reinforcement to rigid thermoplastic custom-
fit orthoses.

Neuromobilization/Gliding Exercise
Therapeutic approaches based on neurodynamics have become a
popular model for manual therapeutic techniques in peripheral
nerve neuropathy. In particular, Butler's description of these
techniques has become the norm (68). A fundamental premise of
this concept is that intraneural swelling at the affected peripheral
nerve site restricts intraneural blood flow (69). Simultaneously,
correctly applied dynamic changes in intraneural pressure can act
in a “pumping action” or “milking effect” and thus reduce this
intraneural swelling together with a reduction of the symptoms
(70, 71). Another assumption is that neurodynamic techniques
may limit fibroblastic activity and minimize scar formation via
normal and early use of mesoneurial gliding tissues (72).

The basis of this therapeutic concept is two different
techniques—a sliding technique and a tensioning technique.
Generally speaking, sliding is achieved by increasing the tension
on the peripheral nerve by correctly applying changes in joint
position at one end and releasing the tension of the nerve at its
opposite end—in the UN, this is elbow flexion and simultaneous
shoulder abduction or vice versa. Tensioning is achieved by
increasing the tension of the nerve at both ends at one time.
Indeed, in cadavers, it has been shown that a typical UN sliding
technique does cause nerve movements of 8.3 mm proximal
to the elbow with almost no impact on the nerve strain while
tensioning causes a nerve displacement of only 3.8 mm and
stretches the nerve by 9.8%. From these data, it seems that the
sliding technique is less aggressive and may be more appropriate
for acute injury, postoperative management, and situations
leading to nerve irritation and entrapment such as bleeding and
inflammation around the nerve (73). However, while in the case
of carpal tunnel syndrome, neural mobilization showed some
positive neurophysiological effects (eg., reduced intraneural
edema), the effect on cubital tunnel syndrome remains uncertain
(74). However, it should be emphasized that the successful use of
neurodynamic techniques depends, of course, on the experience
and skills of the physiotherapist or physician and their ability to
correctly implement these techniques in patients and to combine
these approaches with manual soft tissue release (fascias in
particular), forearm muscle relaxation (especially FCU muscle),
and other manual techniques.

Electrotherapy, Shock Wave Therapy, and
Laser Therapy

As in the case of electrotherapy, shock wave therapy, or laser
therapy in the treatment of UNE, there is insufficient evidence
for a clear choice of an effective approach. Bilgin Badur et al. (75)
published one of the few double-blind, randomized controlled
clinical trials. In this study, the authors evaluated the therapeutic
effect of shortwave diathermy in the treatment of UNE. Sixty-
one patients completed the study, while approximately half of
them (n = 31), randomly selected, were treated using shortwave
diathermy 10 times over 2 weeks. The control group was
given a placebo shortwave diathermy. Both groups were given
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elbow splints and instructed to avoid activities likely to provoke
symptoms. Three months after the intervention, there was no
significant difference between the groups regarding health status
as measured by SF-36 (short form) questionnaires, pain, or hand
function (75).

In clinical practice, the use of shock waves is widespread
across the world in patients with different diagnoses. The
presumed effect of the shock wave on the peripheral nerves
is based on animal studies using a rat model (76, 77). The
shock wave’s effectiveness in patients with other types of
entrapment syndromes, especially carpal tunnel syndrome, has
previously been studied. Compared with the application of
therapeutic US, patients with carpal tunnel syndrome who
received extracorporeal shock wave therapy showed a more
significant improvement in pain and hand function parameters
at 12-week follow-up (78). In another randomized clinical trial,
Raissi et al. (79) showed a comparable clinical outcome in
patients with carpal tunnel syndrome treated with (1) wrist
splints alone and (2) wrist splints + extracorporeal shock wave
therapy. However, in the group with added shock wave therapy,
a more favorable effect was demonstrated in median nerve distal
sensory latency in nerve conduction studies (79). These results
were in line with a recently published study by Gesselbauer et al,,
(80) who found promising clinical and electromyography (EMG)
improvement after three sessions of focused extracorporeal shock
wave therapy in patients with mild-to-moderate carpal tunnel
syndrome and no improvement in the control group. Notably,
a pilot study evaluating the effect of extracorporeal shock wave
therapy for cubital tunnel syndrome has also been presented (81).
Seven patients (10 elbows) received three radial extracorporeal
shock wave sessions (2.000 shots, 4 bar, 5 Hz) in a total period of
3 weeks. As assessed by the Quick DASH questionnaire, the upper
limb function showed significant improvement at all follow-up
points evaluated within 12 weeks after therapy. According to the
visual analog scale (VAS), the pain assessed was also significantly
reduced (mean decrease from 4.7 & 0.3 to 2.2 &= 0.2). The most
significant improvement was in the first month after treatment.
No placebo group was included in this pilot study. Nevertheless,
the mean symptom duration in this study was 27.9 months, and
spontaneous remission of symptomsin this patient group was not
very likely. Other potential treatment options for UNE include
low-laser therapy. Ozkan et al. (82) showed promising results
of this therapy on functional, clinical, and electrophysiological
outcomes. All beneficial effects lasted, in contrast to the US-
treated group, until the third month of follow-up. Nevertheless,
there was no control group in this study (82).

Priessnitz’s Wrap

To the best of our knowledge, there is no study evaluating the
effect of Priessnitzs wrap on the effectiveness of UNE therapy.
However, our clinical experience with this treatment is favorable.
Priessnitz’s wrap consists of applying two layers to the elbow area:
(1) a wet squeezed cloth is applied directly to the skin, and (2)
the second layer is a dry cloth serving as thermal isolation. In
approximately the first 15 min, application of this wrap causes
tissue cooling, followed by local hyperemia. The duration of
the described wrap can range from several dozens of minutes

to several hours. The assumed effect is mainly against swelling
along with anti-inflammatory action. The CSA of the UN, as
measured sonographically, is expected to be reduced after several
applications. However, there is no published evidence for this
assumption at this time, and this is only an expert opinion of the
authors of this paper.

Dry Needling

Anandkumar and Manivasagam reported three cases of
patients with confirmed cubital tunnel syndrome. All
patients had previously undergone unsuccessful treatments,
including medication, massage, exercise therapy, US therapy,
neurodynamic mobilization, and taping. The patients were
treated four times over 2 weeks with dry needling, targeting
the FCU muscle in two patients. In one patient, the needle
was superficially inserted between the ME and the olecranon
process. At discharge at 6-month follow-up, all three patients
were pain-free and fully functional (83). Of note, to minimize
possible adverse effects of nerve damage during the dry needling
procedure, sonographic monitoring is advantageous.

Ultrasound-Guided Injection Techniques

and Exemplary Evidence

The patient’s position is either lying supine with the elbow flexed
and hand over the head (Figures 10C,D) or lying prone with
the elbow bent and hand hanging over the examination bed
(Figures 10A,B). As the UN at the elbow is close to the skin
surface, a high-frequency linear transducer can be effectively
used. Vascular structures and local abnormalities should be
clarified in advance when planning the needle trajectory (84).
Rules of the standard aseptic technique should be followed.
Before the injection itself, a basic evaluation of the nerve and
surrounding structures should be performed. A thin, e.g., 25-
gauge, needle is usually preferred. The injected volume varies
from 2 to 5 ml. A combination of steroids and a local anesthetic
is commonly administered (85).

The UN should be visualized in the short axis, while
the in-plane approach can be used. This technique allows
constant visualization of the nerves margins and the needle
tip during the procedure. This technique showed a lower
risk of intraneural application of the injectate (86). According
to Kim and Choi, the needle should be inserted into the
cubital tunnel at the ME level penetrating the retroepicondylar
retinaculum (87, 88). The needle tip should be placed tightly
adjacent to the nerve between the ME and the UN. To prevent
compartment syndrome with persistent paresthesia, the UN
injection may be performed proximal to the retroepicondylar
groove (Supplementary Video 3). To confirm the needle tip’s
epineural position, a test injection with lidocaine can be
performed to see the injectant’s epineural flow. To provide total
coverage of the injectate around the nerve, it is sometimes
necessary to reposition the needle to the other side of the nerve.
This hydrodissection separating the UN from the ME end might
be followed by US during the injection (85). According to a
recent randomized controlled trial (RCT), the effect of dextrose
injection was superior to that of steroid injection (89). vanVeen
et al. (90) in their study used visualization in the long axis, which,
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FIGURE 10 | (A) Prone position for the ultrasound-guided ulnar nerve in-plane injection with the elbow flexed and hanging over the examination bed. (B) The same
procedure as describad before in detall. (C) Supine position for the uitrasound-guided ulnar nerve in-plane injection; the patient is positioned on the examination bed

with the elbow flexed and hand cver the head. (D) The same procedure as described before in details.

according to other authors, is less convenient because the nerve
can be confused with other structures (91). In a case report,
Stoddard suggested that hydrodissection with a higher injected
volume might also be beneficial (92).

A recent systematic review evaluating conservative treatment
of cubital tunnel syndrome proposed that steroid injection
decreased nerve CSA. The review’s limitation was the paucity
and heterogeneity of the studies concerning steroid or local
anesthetic injection (61). Hong et al. (66) compared two
conservative treatment approaches—splinting vs. splinting plus
injection with corticosteroids and local anesthetic. A total of
10 patients (12 nerves) were assessed. Clinical evaluation and
nerve conduction studies were performed 1 and 6 months after
the intervention. Their results showed significant improvement
in both groups’ symptoms, and there were no significant
differences between the two intervention groups. Therefore,
splinting alone was concluded to be sufficient with no need
for an additional steroid injection. However, the injections in

this study were landmark-guided (66). vanVeen et al. (90)
conducted a randomized, double-blinded trial to compare the
effect of steroid injection with that of placebo injection. In
total, 55 patients were involved in this study. The primary
outcome was a subjective change in symptoms after 3 months
from intervention. Secondary outcomes were CSA of the nerve
and electrodiagnostic studies. The results showed that 30%
of steroid group participants reported a favorable outcome,
compared with 28% in the placebo control group. There was a
significant decrease of CSA in the steroid injection group and
no significant improvement in electrodiagnostic studies. The
study concluded that the positive effect of US-guided steroid
injection compared with placebo was not demonstrated (90).
Rampen et al. (93) published a case series of seven patients with
UNE, treated with steroid injection. Four out of seven patients
reported clinical improvement (in terms of symptom relief and
neurologic improvement) and CSA reduction 6 weeks following
the intervention. Symptoms were unchanged in two of the
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patients and worsened in one patient. This study, however, lacked
a control group, and the patients opted for injection because
they disapproved of surgical treatment after initial conservative
therapy failed (93). Alblas et al. (94) conducted a feasibility study
with eight patients (nine UNEs) regarding US-guided steroid
injection. During 3 months of follow-up, five patients reported
improved symptoms, whereas three patients had no change in
symptoms, and one patient reported worsening of the symptoms.
The study concluded that US-guided steroid injection was as safe
and easy (94).

Another feasibility study was conducted by Choi et al,
(88) who assessed the in-plane approach of US-guided steroid
injection for cubital tunnel syndrome in 10 patients. Their
results showed a statistically significant decrease in the severity
of the symptoms as evaluated by the VAS and CSA decrease
in the first and fourth week of follow-up. No side effects were
reported (88). A recent RCT by Chen compared the effect
of steroid injection with that of dextrose injection in patients
with UNE. In total, 33 patients completed the study. The
primary outcome was digital pain/paresthesia evaluated with
VAS. Secondary outcomes were disability questionnaires, nerve
conduction studies, and CSA of the UN. There was a more
considerable decrease in symptom severity in the dextrose group
from the third month of follow-up and onward. The study
concluded dextrose to be more suitable for perineural injection
in patients with UNE (89).

SURGICAL TREATMENT

In 1957, Osborne described the first series of surgically
treated patients with spontaneous UNE (95). Surgical treatment
of cubital tunnel syndrome remains controversial. Although
many techniques may be used for decompressing the UN,
there are no clear consensus for one approach over another.
This uncertainty was not resolved even by several systematic
reviews published during the last decade. Therefore, the
choice of approach is often based on personal experience
and subjective preference for specific clinical findings. Almost
90% of surgeons use more than one procedure in the
treatment of cubital tunnel syndrome (96). However, up to
30% of the patients do not improve after surgery and require
revision procedures, which is even more controversial and
rarely curative (97, 98).

In situ Decompression

Simple decompression is a basic and probably the most
commonly used technique, particularly beneficial when nerve
entrapment is the underlying cause of UNE. It is easy to
perform and generally free of complications. It is performed
from a small incision above the ME parallel to the course
of the UN. Care must be taken to protect the posterior
branches of the medial antebrachial cutaneous nerve. The
surgery aims to release the nerve by cutting the superficial
fascia of the FCU muscle, retroepicondylar groove retinaculum,
and the HUA. However, it is always necessary to explore
the nerve proximally toward the MIS of the arm to check
for any compression by the arcade of Struthers or by the

septum itself. Similarly, the nerve is explored distally to the
proximal forearm to release possible compression within the
FCU by the thicker parts of the intermuscular connective
tissue (Figure 11A). After sufficient decompression of the nerve,
flexion and extension of the elbow are examined to rule out
subluxation over the ME (99).

In such cases, the decompression can be facilitated by
the medial epicondylectomy, which allows a mini-anterior
transposition without excessive dissection and devascularization
of the nerve. It is recommended to remove less than 4 mm
of the MEs width in the coronal plane to prevent damage of
the anterior part of the medial collateral ligament, which may
result in elbow instability or medial elbow pain (100). Some
authors, however, prefer to perform an anterior transposition
of the nerve to preclude chronic injury to the nerve by its
repetitive subluxation (101).

Anterior Transposition

Transpositional surgical treatment may be performed by
subcutaneous, intramuscular, and submuscular techniques. The
transposition aims to reduce the tension on the nerve and prevent
further compression in the cubital tunnel by bony spurs, synovial
swelling, or chronic subluxation (102).

All other techniques than in situ decompression require a
longer incision (~6 ¢m). The nerve is transposed anteriorly
under the skin flap (or intra or under the forearm flexors'
common head) after its wide release from the original bed.
The easiest and most commonly performed technique is
subcutaneous transposition (Figure 11B). Submuscular or
intramuscular transpositions are much more invasive and,
therefore, carried out less frequently, especially in patients
with minimal amounts of subcutaneous fat or in some
revision cases. The argument for higher invasiveness is
to create a healthy vascular bed protected by soft tissue.
Nevertheless, Liu et al. (101) found in their meta-analysis
that subcutaneous and submuscular transpositions are
equally effective.

Said et al. (103) demonstrated in their meta-analysis
no difference in outcome or revision rate between simple
decompression and anterior transpositions in primary cubital
tunnel syndrome. Similarly, Chen et al. (102) found the
same effect of both methods and a significantly lower
incidence of complications in cases operated by simple
decompression. Anterior transposition is often used in revision
release after failed primary decompression. Moreover, some
authors recommend submuscular transposition after failed
subcutaneous transposition (104). However, there is no robust
evidence supporting the need for anterior transposition in
recurrent cubital tunnel syndrome (105).

Moreover, an excessive release of the nerve before its
transposition is associated with decreased regional blood flow to
the nerve for atleast 3 days. Those mentioned above may increase
the complication rate after surgery (102).

Endoscopic Decompression
The endoscopic technique was introduced as a minimally
invasive alternative for open decompression, aiming to minimize
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transposed anteriorly under the cutaneous flap.

FIGURE 11 | (A) /n sitv decompression of the ulnar nerve in the cubital tunnel. (B) Anterior subcutaneous transposition —after wide decompression, the uhar nerve is

trauma to the tissues and improve postoperative recovery. Its
theoretical advantages are the patient’s faster recovery, decreased
invasiveness, minimal adverse events, and less scar discomfort.
However, it should be applied only in selected cases without
evidence of nerve subluxation, traumatic etiology of cubital
tunnel syndrome, or significant structural pathology (106).

Schmidt et al. (107) and Krejéi et al. (99) performed
RCTs comparing open and endoscopic decompression. In both
studies, the authors failed to show any additional benefit of the
endoscopic technique, and they concluded that both techniques
are equally effective. These results were in line with several
systematic reviews and meta-analyses (106, 108, 109).

However, it has been proven that endoscopic technique is
associated with a lower incidence of scar tenderness or elbow
pain (106). Moreover, it is performed with a smaller skin incision
(1.5-2 cm) compared with open decompression (~4 cm). On the
other hand, it is significantly longer than open surgery. Although
the difference in the median duration of decompression (i.e.,
incision to suture time) was only 6 min in a study of Krejéi et al.
(99) (30 min for open and 36 min for endoscopic techniques,
respectively), the setup time was almost three times longer in
the endoscopic procedure (6 and 18 min, respectively). Another
disadvantage is that it is necessary to have an assistant holding
the arm in place and changing the flexion degree as needed (99).

Summary of the Techniques

Wade et al, (98) in 2020, performed a comprehensive
review and meta-analysis of all possible open or endoscopic
methods for treating cubital tunnel syndrome. They found
that open in situ decompression (with or without medial
epicondylectomy) appears to be the safest and most effective
method for primary cubital tunnel syndrome patients. It was
associated with the greatest response to treatment and the
lowest risk of complications, reoperation, and recurrence. They
also showed that in sifu decompression (open, minimally

invasive, or endoscopic) was associated with a lower risk of
complications than any form of transposition. Moreover, the
addition of epicondylectomy led to a higher success rate without
increasing the risk of complications. Another advantage of in situ
decompression is the reduced operative time and its simplicity.
Of note also is that it is 18-55% cheaper than the transposition
procedure (98). Therefore, open in situ decompression should be
considered a first choice in treating patients with primary cubital
tunnel syndrome. In recurrent cases, the surgeon should consider
the extent of primary decompression, previous elbow trauma,
and possible chronic subluxation to decide whether to perform
more extensive decompression only or an anterior transposition.
To this end, one should plan the surgery concerning local
anatomy (e.g., anatomic variations and space-occupying lesions),
where US can provide valuable information preceding the
surgery, e.g., aberrant vein (Figure 9F).

CONCLUSIONS AND FUTURE
DIRECTIONS

Cubital tunnel syndrome is commonly encountered in daily
clinical practice. If correctly diagnosed, the treatment outcome
can be promising. In the light of the broad differential diagnosis,
a convenient imaging tool may be necessary in some cases.
Hence, high-resolution US can be an inexpensive, safe, and
accessible modality for visualizing and guiding the treatment
of UN neuropathy around the elbow. US imaging in such
indications can be expected to increase its awareness among
physicians worldwide in the near future.
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LITERATURE REVIEW

Ultrasound Imaging and Guidance in Common
Wrist/Hand Pathologies

Kamal Mezian, MD, PhD, Vincenzo Ricci, MD, Jakub Jacisko, MD, Karol_g’na Sobotova, MD,
Yvona Angerova, MD, PhD, Ondiej Naitka, MD, PhD, and Levent Ozgakar, MD

Abstract: Wrist/hand pain is a prevalent musculoskeletal condition
with a great spectrum of etiologies (varying from overuse injuries to
soft tissue tumors). Although most of the anatomical structures are quite
supetficial and easily evaluated during physical examination, for several
reasons, the use of ultrasound imaging and guidance has gained an in-
triguing and paramount concern in the prompt management of relevant
patients. In this aspect, the present review aims to illustrate detailed cadav-
eric wristhand anatomy to shed light into better understanding the corre-
sponding ultrasonographic examinations/interventions in carpal tunnel
syndrome, trigger finger, de Quervain tenosynovitis, rhizarthrosis,
and the radiocarpal joint arthritis. In addition, evidence from the liter-
ature supporting the rationale why ultrasound guidance is henceforth
unconditional in musculoskeletal practice is also exemplified.

Key Words: Carpal Tunnel, Trigger Finger, de Quervain,
Rhizarthrosis, Ultrasonography, Steroid, Injection

(Am J Phys Med Rehabil 2021;100:599-609)

The prevalence of disabling wristhand pain among the
working population reaches up to 36.2%.! The spectrum
of chronic wrist/hand pain is gluiu: broad, ranging from overuse
injuries to soft tissue tumors.” Aside from several conservative
alternatives (rest, physical therapy etc.); various interventional
treatments (e.g., corticosteroid, local anesthetic, or regenerative
injections) are frequently applied to treat these painful condi-
tions affecting the hand and wrist. Herein, it is noteworthy
that—in contrast to previous blind approaches—the role of ul-
trasound (US) imaging and guidance has essentially been
established in recent years.® Of note, US guides these proce-
dures initially by providing prompt clinical decision making

for the diagnosis and optimal/technical planning of the
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intervention alike.** Needless to say, it also provides precise
targeting during the intervention (avoiding collateral damage)
as well as convenient/close follow-up thereafter.

In this aspect, this article aims to describe the anatomy, US
imaging/guidance, and the literature evidence pertaining to the
most commonplace interventional procedures in daily clinical
practice, that is, carpal tunnel syndrome, trigger finger (TF), de
Quervain tenosynovitis, rhizarthrosis, and radiocarpal joint arthritis.

CARPAL TUNNEL SYNDROME
Carpal tunnel syndrome (CTS) is the most common pe-
ripheral nerve entrapment syndrome worldwide, resulting from
compression of the median nerve at the wrist. Its diagnosis is
based on clinical evaluation, nerve conduction studies, and US
examination.

Anatomy

The carpal tunnel is a fibro-osseous space situated be-
tween the carpal bones’ concave arch from the dorsal and the
flexor retinaculum from the volar side. The bony landmarks
for the carpal tunnel are the scaphoid and the pisiform proxi-
mally and the hook of hamate and the trapezium distally. Struc-
tures that pass through the carpal tunnel comprise the median
nerve, four flexor digitorum superficialis and four flexor
digitorum profundus tendons, and the flexor pollicis longus
tendon inside their synovial sheaths. Distal to the retinaculum,
the median nerve usually divides into five or six branches,
showing a miscellancous anatomic variability. Understanding
variations of the median nerve’s recurrent motor branch is es-
sential’ because its inadvertent resection during surgery would
be associated with thenar function loss. The recurrent branch
arises from the nerve’s lateral side with a slight recurrent curve
and continues superficial to or traverses the flexor pollicis
brevis muscle, which is usually supplied by this nerve (Fig, 1A).%
Notably, the median nerve also shows variations within the carpal
tunnel, for example, bifid median nerve and persistent median
arnery.g"" Furthermore, space-occupying lesions/structures
such as ganglion cysts, flexor tenosynovitis, and accessory
muscles may also be present.'? To this end, it is paramount to
use a convenient imaging modality (e.g., US) to understand
the pertinent anatomy before the injection.

US Imaging and Guided Injection Technique
Patients are usually seated facing the sonographer with
their affected wrist in slight dorsiflexion resting on a rolled
towel in a palm-up position, the forearm supinated, and elbow
semiflexed at 90 degrees. As most of the wrist and hand struc-
tures are superficially localized, a high-frequency (8-18 MHz
or higher) linear or hockey-stick probe would be preferred'?
during all the below-described procedures. The transducer is
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FIGURE 1. The cadaveric specimen shows the recurrent branch (red arrowhead) of the median nerve (MN) piercing the flexor pollicis brevis (FPB)
muscle and the terminal branches—common digital palmar nerves (black asterisks) coursing distally (A). The short-axis sonogram promptly allows a
detailed measurement of the cross-sectional area of the median nerve to evaluate the pathology/entrapment at mild (B), moderate (C), and severe (D)
stages. US-guided hydrodissection (in-plane, ulnar to radial approach) guarantees a dual-target intervention releasing the median nerve-flexor
retinaculum (yellow arowhead) interface (E) and the median nerveflexor tendon (FT) interface (F) during the same procedure. Although the
longitudinal acoustic window allows an extensive hydrodissection (of the MN-flexor retinaculum interface) as the needle (white dotted arrow) is
advanced from distal to proximal, it is not suitable if the nerve-FT interface is planned to be injected (G, H, I). White asterisks: mixture of the injectate;
white arrowhead: needle. FCR indicates flexor carpis radialis tendon; FPL, flexor pollicis longus tendon.

placed along the short-axis of the wrist, slightly proximal to the
scaphoid-pisiform level. The median nerve can be visualized
as a honeycomb-appearing oval structure just beneath the
flexor retinaculum. In CTS, the nerve typically shows flatten-
ing (at the entrapment site), loss of its normal fascicular pat-
tern, and swelling (usually proximal to the entrapment site).
Using US-measured cross-sectional nerve area, the severity
can be classified as mild (<11.64 mm?) (Fig. 1B), moderate
(>13.74 mm?) (Fig. 1C), and severe (>16.80 mn?) (Fig. 1D)."
In 2008, Hobson-Webb et al.'* proposed a novel parameter for
CTS’s ultrasonographic diagnosis, named the wrist-to-forearm
ratio, which was obtained 12 ¢m proximal in the forearm, mea-
sured from the distal wrist crease. In their preliminary results,
the authors reported 100% sensitivity using a wrist-to-forearm
ratio of greater than 1.4 to diagnose CTS. To increase the diag-
nostic specificity, apart from the carpal tunnel inlet, the median
nerve cross-sectional area (CSA) can also be measured at the
level of the proximal third of the pronator quadratus muscle to
obtain the “ACSA” (CSA-mlet CSA-pronator quadratus mus-
cle). Klauser et al.'® obtained the best diagnostic discrimination
by using a ACSA threshold of 2 mm? According to a
meta-analysis by Chen et al.,'” the wrist-level CSA can also be
used in diabetic patients, with a possible nonsignificant
preexisting enlargement of the median nerve. Because the me-
dian nerve is considered stifferin CTS pam:nts US elastography
can also increase the diagnostic accuracy.'™® Furthermore, radial

600 | www.ajpmr.com

and ulnar arteries must be accurately identified/avoided during
the procedure and color/power Doppler imaging can readily
be used in this sense. A proximal-to-distal and distal-to-
proximal sonotracking of the region should also be performed
to rule out space-occupying lesions or to evaluate likely ana-
tomical variants.

According to the aseptic technique, the skin should be
disinfected, and to minimize the risk of infection, the probe
should be covered with a sterile cover and sterile gel should
be used as well. A freehand ulnar side in-plane approach visu-
alizing the median nerve in the short-axis is usually performed.
Under direct US visualization, a thin (e.g., 25-gauge, 25-mm)
needle is advanced subcutaneously, slightly obliquely, superfi-
cial to the ulnar nerve and artery. The needle tip can be advanced
next to the median nerve with subsequent slow administration of
the injectate either between the median nerve and the superficial
flexor tendons (Video 1, Supplemental Digital Content 1, http://
links.Iww. com/P[—INUBZZ/-l) or between the flexor tendons away
from the median nerve.'” A hydrodissection technique can also
be used (especially in “failed-carpal tunnel release™ patients)
whereby a circumferential fluid plane should be formed around
the epineurium of the median nerve, that is, in the median
nerve—flexor retinaculum (Video 2, Supplemental Digital Con-
tent 2, http://links.lww.com/PHM/B225) and median nerve
flexor tendon interfaces (Fig. 1E-I). Delivering the injectate
both deep and superficial to the median nerve allows
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separation of the nerve from the (potentially constricting) sur-
rounding connective tissues, restoring the normal nerve mobility.*
After the procedure, repetitive wrist flexion/extension is recom-
mended to enhance the injectate delivery along the carpal tunnel.

Exemplary Evidence

Among conservative treatment options, US-guided corti-
costeroid injections have been proven effective (and superior
to those landmark-guided) for symptom severity improvement
in CTS patients.®! Apart from corticosteroids and local anes-
thetics, different substances such as platelet-rich plasma, hyalase,
local ozone (0,-04), and 5% dextrose have been used in the liter-
ature as well.”>2* Moreover, several studies comparing different
injection sites have also been reported. Babaei-Ghazani et al.?
compared US-guided corticosteroid injections “above™ vs. “be-
low” the median nerve in patients with mild to moderate CTS
and found that both techniques effectively reduced the symptoms
and improved function as well as the US and electrodiagnostic
findings. Nair et al.% published a double-blind noninferiority trial
comparing corticosteroid injections 2 cm proximal and 2-3 cm
distal to the wrist crease whereby patient-reported outcomes were
found to be similar. Hsu et al.>” reported greater symptom relief
and patient satisfaction for intraepineurial (vs. extraepineurial)
corticosteroid injections. In the same study, patient-reported out-
comes and nerve conduction studies at the 12-wk follow-up were
similar between subjects injected with 40 vs. 10 mg of triamcino-
lone acetonide.

A relatively novel technique that is currently studied in the
management of nerve entrapment syndromes is described as
“nerve hydrodissection.”** This method usually involves deliv-
ering the injectate (e.g., local anesthetic, saline, dextrose, corti-
costeroids) to separate the nerve from the surrounding tissues.
Some authors believe that hydrodissection, coupled with
mechanical disruption of the adhesions around the nerve,

may restore normal nerve mobility.” Wu et al*® conducted a
placebo-controlled study where hydrodissection of the median
nerve (in contrast to subcutaneous 5 mL saline injection) yielded
symptom improvement 6 mos after the procedure. On the other
hand, Schrier et al*! reported comparable results of US-guided
injections applied by either hydrodissection or single delivery
medial to the median nerve.

Another option for CTS treatment is US-guided release of
the transverse carpal ligament. This mini-invasive percutaneous
technique has been shown as a safe, quick, effective, and repro-
ducible procedure to transect the transverse carpal ligament on
cadavers.*>** Compared with open surgery, US-guided release
has shown better outcomes in scar tendemess, grip strength, su-
perficial pain, and return to daily activities.>* Further investiga-
tion of this method is certainly warranted.

TRIGGER FINGER

TF, also known as stenosing tenovaginitis, results from in-
flammation of the finger flexor tendons and/or their synovial
sheaths. The conflict at the intersection of the tendon with its
pulley is most commonly related to the thickening of the first
annular pulley (A 1). However, other pulleys can also be affected,
and therefore, clinical findings without imaging can indeed cause
misdiagnosis. In such clinical scenarios, the use of static/dynamic
US examination would be crucial for detecting the triggering
and the possible underlying mechanism.

Anatomy

The digital flexor fibrous sheath-pulley system keeps the
tendons adjacent to the bone when bending the fingers. In other
words, these fibro-osseous bands (most importantly A2 and
A4) prevent bowstringing of the flexor tendons during finger
flexion.®® Those pulleys are five annular (A1-A5) and three
cruciform (C1-C3) ligaments for the second to fifth digits and

Proximal

FIGURE 2. The cadaveric specimen shows the pulleys of fibrous sheaths (black asterisks) stabilizing the flexor tendons of the fingers (A). Using a
high-frequency linear probe, a normal pulley (white arrowheads) may be visualized as a thin and hypoechoic structure located between the
subcutaneous tissue and the flexor tendons (FTs) (B). In some patients, a focal collection (white asterisk) of fluid in proximity of the flexor tendons (FTs)
—related to pathological changes of the pulley and/or synovial cyst of the tendon sheath—can be targeted using an in-plane (distal to proximal)
approach while advancing the needle (white dotted arrow) until the intrasheath compartment (C). MH indicates metacarpal head; PP, proximal

phalanx; d, dermis.
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two annular (A1-A2) and one oblique pulley for the thumb. A1 phalanges. Annular pulleys are seen as hypoechoic thickening
pulley is located anterior to the metacarpal head. The A2 over-  of the volar aspect of the tendon sheath (Fig. 2B). Subsequently,
lies the middle third of the proximal phalanx but may extend  transverse scanning should also be performed to rule out other
more proximal or distal. It is the strongest pulley and arises from  pathologies potentially mimicking TF (Video 3, Supplemental
the longitudinal ridges on the phalanx’s palmar aspect (Fig. 2A).*  Digital Content 3, http://links Iww.com/PHM/B226). After static
A3 is a narrow pulley lying palmar to the proximal interpha-  imaging, (passive) dynamic examination during flexion/extension
langeal joint, and A4 and A5 overlie the middle phalanx and  of the finger should be performed (Videos 4 and 5, Supplemen-
the distal interphalangeal joint, respectively. Variations occur  tal Digital Content 4 and 5, http:/links.lww.com/PHM/B227,
frequently, though. Al, A3, and A5 pulleys insert onto the vo-  http:/links.ww.com/PHM/B228) to complete the functional as-
lar plate, whereas A2 and A4 insert directly on the bone.3* His-  sessment. In TE, pulley swelling/thickening or effusion inside
tologically, the pulley system consists of a deep synovial  the synovial sheath may be present. In addition, tendon thicken-
component and a superficial retinacular component. Flexors  ing and abnormal tendon motion associated with friction pat-
digitorum superficialis and profundus and flexor pollicis longus ~ terns are typical US findings.>
tendons are enveloped in two synovial sheaths at the flexor reti- Various injection techniques have been reported in the lit-
naculum level and distally reach about halfway along the metacar-  erature. Owing to the highly innervated and sensitive palmar
pal bones, where they end as blind diverticula. In the little  skin, some authors even recommend using the interdigital web
finger and the thumb, the sheaths are usually more extended.®  skin for the needle entry point as a less painful alternative.™
While planning for the intervention, power Doppler imaging
. A L. A would again provide clear identification of the neurovascular
US Imaging and Guided Injection Technique bundle (proper digital nerves and vessels) to be avoided. During
The patient is seated face to face to the examiner with the  the injection, a thin (e.g., 27-gauge, 19-mm) needle is preferred
affected hand in a palm-up position. The transducer is placed  to reduce the procedure-related pain. With the transducer placed
along the finger’s long-axis to visualize the flexor tendons as a  in a longitudinal, oblique plane on the palmar side, the needle
hyperechoic fibrillar structure superficial to the metacarpals’  can be inserted via the interdigital wing skin (Fig. 2C). The

FIGURE 3. After the US-guided intervention for the trigger finger, a postprocedure check is recommended in two orthogonal planes and using the
elevator technique (black dotted arrow) (A). A circumferential, anechoic ring (white arrowheads) surrounding the superficial (yellow asterisk) and deep
(red asterisk) flexor tendons in short-axis view (B) and a cul-de-sac collection (yellow arrowhead) below the deep (red asterisk) flexor tendons in
long-axis view (C) are usually considered to be confirmatory for a correct intrasheath injection. For sure, the US-guided procedure for a trigger finger
must be planned in relation to the specific clinical and ultrasonographic findings for each and every patient. In this particular case, a cyst-like lesion
(white asterisk) originating from the pulley (white arrowhead) (D) has been approached using an in-plane technique in short-axis view to better
perform needling of the mass (E). Black rectangle: probe.
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injection may be performed using a direct in-plane technique,  locking in the first year of follow-up.*” Compared with open sur-
and the injectate is delivered into the intrasheath space under-  gery, US-guided treatment resulted in shorter sick leave and better
neath the affected pulley (Fig. 3A-E). cosmetic results, without any major complications, *®
Exemplary Evidence DE QUERVAIN TENOSYNOVITIS
Corticosteroid injections improve TF by reducing flexor 7 de Quervain disease (DQD) was first described in 1895 by
tendon and Al pulley inflammation, with the documented re- Fritz de Q%mm (1868-1940) as a common cause Off?dlﬂl'mdﬂd
sponse rates being between 45% and 80%.*° A meta-analysis ~ Wrist pain It is an inflammation of the abductor policis longus
on treatment success showed better short-term effects of corti-  (APL) and/or extensor policis brevis (EPB) tendons, and their

costeroid injections combined with lidocaine than lidocaine tendon sheaths confined within the first dorsal compartment at
alone.*® Shultz et al.*! reported better success of corticosteroid ~ the level of the radial styloid. Several anatomic variations (e.g.,

injections (1 mo after the procedure) in patients with mild trig- subcampamncmalizatjm or accessory abductor POHiPiS longus)
gering than those with severe findings. Furthermore, the suc-  are commonly seen in this extensor compartment (Fig. 4C). As
cess rate was lower in cases with multiple digit involvement. ~ such, (US) imaging is necessary to understand the local
The outcome was reported to be poorer in patients with coexisting anatomy/relevance of the findings and to plan the likely inter-

diabetes and inflammatory conditions.** The long-term effective- ~ vention accordingly.

ness of corticosteroid injections is possibly not as favorable as
surgery; however, 37%-56% symptom relief has been reported ~ Anatomy
in patients presenting with TF for as long as 10 yrs.®* In general, the normal anatomy of the first extensor com-
In a study that included 124 trigger digits (119 patients),  partment describes the APL and EPB as a single tendon enveloped
Rozental et al.* found a symptom recurrence rate of 56% at  in a common extensor sheath running through a single
a median of 5.6 mos after the injection as well as higher rate  fibro-osseous tunnel deep to the extensor retinaculum. How-
of treatment failure in diabetic patients. According to one study,  ever, this compartment shows a high anatomic variability with
US guidance showed an accuracy of 70% with regard to  significant implications for DQD and the pertinent injections.
intrasheath placement of steroids when compared with the rate  One possible variation to be considered before the injection
of 15% for landmark-guided injections.” Concerning the cor-  would be the presence of multiple compartments divided by
ticosteroid preparation, Roberts et al.*® reported a higher need  septae, which was actually reported to be more prevalent in pa-
for additional injections when triamcinolone was administered  tients with DQD when compared with healthy individuals.*
in contrast to dexamethasone or methylprednisolone. US-guided ~ The septum usualsgy creates a separate narrow compartment for
Al pulley release is another procedure that can be performed.  the EPB tendon.™ Regarding the tendinous anatomy, EPB is
Significant pain reduction and functional improvement were  usually described as a single tendon inserting on the thumb’s
reported in 98% of patients, with no recurrence of catching/  proximal phalanx. However, multiple EPB tendon slips with

FIGURE 4. The cadaveric specimen shows the superficial branch (black arrowhead) of the radial nerve and its terminal branches (white arrowheads)
coursing superficial to the fascia (A). Before any intervention at the level of the radial side of the forearm, sonotracking of the sensory components of the
radial nerve (yellow arrowheads) should be performed for a safer planning of the procedure avoiding iatrogenic injuries (B). The extensor pollicis brevis
(black arrowheads), abductor pollicis longus (black asterisks), and, in some patients, the accessory abductor pollicis longus (white arrowhead) tendons
course proximally between the cortical surface of the radius and the retinaculum (black dotted lines), whereas, distally, they cross over the radial artery
(RA) to reach the insertional sites (C). Comparative scanning may promptly identify pathological thickening of the first extensor retinaculum, and if
clinically indicated, a US-guided injection, using an in-plane technique (dorsal to palmar approach) may be performed releasing the mixture at the
retinaculum-tendon (T) interface (D). White dotted arrow: needle.
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several different attachment points have also been described !
Moreover, EPB tendon was reported to be absent or replaced
by an accessory tendon of APL in 6.2% of the cases, and EPB
was also considered to be the most variable muscle in the fore-
arm.* At least one slip of the APL is inserted on the first meta-
carpal base in almost all cases. However, the presence of multiple
distal tendinous slips is ubiquitous, and they might insert into the
trapezium or the carpometacarpal joint or can be merged with
adjacent tendons.

US Imaging and Guided Injection Technique

The patient sits face to face with the physician, with a table
in between. US imaging starts with the elbow flexed and the
forearm in pronated position lying on the table/examination
bed. The probe is placed axially over the Lister tubercle (at
the distal radius), which can also/easily be palpated. However,
forming a boundary between the second and third compartments,
it serves as an anatomical landmark. Thereafter, the probe can be
moved further radial to depict the first extensor compartment in
the short-axis. Common sonographic findings of DQD comprise
hypoechoic thickening of the extensor retinaculum and/or
thickening of the first extensor compartment tendons (Fig. 4D;
Video 6, Supplemental Digital Content 6, http:/links.lww.com/
PHM/B229). When performing dynamic scanning, gliding of the
tendon(s) beneath the retinaculum can be compromised.
Enhanced intratendinous vascular flow on power Doppler and
a variable volume of inflammatory fluid in the synovial sheath
can also be present. In general, a thin needle (e.g., 27 gauge,
19 mm) is inserted from either side of the probe using an in-plane
approach to reach the tendon sheath (Video 7, Supplemental
Digital Content 7, http://links.lww.com/PHM/B230). According
to the US and clinical findings, DQD injections can be performed

proximally at the common tendon sheath or distally after
their division in the individual compartments. However, as
the distal separate tendon sheaths are tighter, injection at this
level may be more painful. Alternatively, an out-of-plane approach
can be used as well. In case of aforementioned aberrations,
the affected tendon sheath or subcompartment needs to be
selectively injected under real-time guidance (Fig. 5A-E). Caution
should be taken to avoid the radial artery (running on the
volar side) and the superficial radial nerve, which courses from
volar to dorsal just proximal to the radial styloid—with variable
branching pattern (Fig. 4A, B; Video 8, Supplemental Digital
Content 8, http://links.lww.com/PHM/B231).%

Exemplary Evidence

Corticosteroid injection into the first dorsal compartment
sheath is a commonly used treatment approach for DQD pa-
tients. A systematic review and meta-analysis investigating the
effectiveness of corticosteroid injection in DQD reported a sig-
nificant increase in the resolution of symptoms, pain relief, and
increased function. In the analyzed studies, the most commonly
used steroids were methylprednisolone, dexamethasone, and
triamcinolone.®* In 2007, Sawaizumi ct al®® compared a
landmark-guided single injection (above the tender induration)
and two-point injection (over the EPB and APL tendons), and
the latter technique provided better outcomes—with the effi-
cacy reaching 89%. In 2017, another systematic review pro-
posed that if a single injection technique is to be administered,
a proximal (rather than distal) injection should be preferred be-
cause it would be more likely to infiltrate multiple compart-
ments in case of septations.*” Importantly, with the use of US
guidance, new techniques are being widely reported in the re-
cent literature.*® McDermott et al>” reported at least partial
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FIGURE 5. In selective pathologies of the extensor pollicis brevis tendon (red asterisk), a US-guided injection targeting its synovial sheath may be
performed. Avoiding the abductor pollicis longus tendon (white asterisk) is possible with the use of anin-plane (dorsal to palmar approach) at the distal
end of the radius (A). Of note, shifting the probe (black rectangle) more distally (B), the injection may be more challenging because of the “criss-cross”
between the tendons, the radial artery (RA), and the distal branch (yellow arrowhead) of the sensory component of the radial nerve (C). If clinically
indicated, a US-guided needling/release of the first extensor retinaculum can also be performed using an oblique longitudinal acoustic window (D).
Targeting the thickened retinaculum (white dotted lines) and avoiding the underlying tendons (T) are possible with back-and-forward movements of

the needle (white arrow) (E). White dotted arrow: needle. V indicates vein.
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resolution of symptoms in 97% of the patients 6 wks after the
US-guided injection. In their retrospective study, Hajder et al.*®
reported good long-term (73 mos) results in 91% of patients who re-
ceived two US-guided corticosteroid injections. US was shown to be
impottant in the visualization of an intercompartmental septum, and
US-guided injections were proven to be accurate—providing good
outcomes.>” In short, the efficacy and safety of corticosteroid
injections are linked to prompt imaging and guidance.”” ® Al-
though studied in a small group of cadavers/patients, US-guided
release in patients with DQD has been reported as a safe and
reliable procedure, without any specific morbidity.**

RHIZARTHROSIS

The first carpometacarpal (CMC) or the trapeziometacarpal
joint is the second most commonly affected site by primary idio-
pathic arthritis in the hand, only after the distal interphalangeal
joints.® Rhizarthrosis and thumb CMC osteoarthritis are com-
monly used terms to describe morphologic alterations due to
degenerative process of the CMC joint. The thumb is the key
contributor to hand function. As such, symptomatic rhizarthrosis
can interfere with work and normal daily activities, potentially
resulting in significant functional disability coupled with de-
creased quality of life. Moreover, pain in the thumb and the radial
side of the wrist is associated with rhizarthrosis.*® It is more prev-
alent in postmenopausal women and in elderly patients.”” Its
diagnosis is based on clinical evaluation, radiographic, and
US examination.

Proximal

=

%oximal

Anatomy

The first CMC joint is a biconcave saddle-type joint between
the first metacarpal base and the trapezium bone. Its shape with
extensive articular surfaces allows motion in three planes, provid-
ing wide mobility and active opposition.”® The great range of mo-
tion is associated with a need for stability, which is provided by a
system of ligamentous structures that stabilize the joint while
performing a pinch movement. Lateral, anterior, and posterior
ligaments, together with a fibrous capsule, bind the first meta-
carpal and trapezium bones together (Fig. 6A). The joint’s sta-
bility is important because clinical studies have correlated joint
laxity with the development of CMC osteoarthritis. The forces
affecting the first CMC are great. Biomechanic studies have
shown that while performing grasp and pinch, the forces increase
exponentially from the tip to the CMC joint.®® Some muscles
(e.g., APL and extensor pollicis brevis) and arteries (e.g., radial
artery) are situated in the proximity of the first CMC.

US Imaging and Guided Injection Technique

The patient is seated face to face with the physician. The
arm is flexed to 90% in the elbow, and the hand is resting on
a table or bed with the thumb facing upward.®® The probe is at-
tached to the radial side of the first metacarpal and translated
proximally until the base of the first metacarpal and trapezium
bones is identified (Fig. 6B). If the joint is not clear})y visible,
passive thumb motion can reveal the joint margins.®® Identifi-
cation of APL and EPB tendons crossing the joint, as well as the
radial artery, is important to avoid collateral damage (Fig. 6C).%

. Extensor
- Retinaculum
R 5

FIGURE 6. The cadaveric specimen—with an intemal view—shows the triangular-shaped joint (black line) between the trapezium (Trap) and the
proximal end of the first metacarpal bone (| MC) (A). Using an out-of-plane (radial to ulnar) approach, the needle tip (white dotted arrow) can be
clearly visualized passing the capsule (yellow dotted line) and releasing the mixture (white dots) into the joint cavity avoiding the radial artery (RA) and
veins (V) (B). The cadaveric specimen—with an extemnal view—shows the tendons of the first extensor compartment (black asterisks) and the radial
artery (red arrowheads) partially “covering” the trapezium-I MC joint (C). The US-guided injection should be modified in relation to the anatomical
variability of each and every patient. In this particular case, detailed planning of the procedure was necessary to target the articular ganglion (white
asterisks) originating from the trapezium (Trap)- MC joint (D). Color Doppler imaging clearly shows the radial artery (RA) and superficial vein (sV)
surrounding the mass (E). Sc indicates scaphoid bone; EPL, extensor pollicis longus tendon.
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FIGURE 7. In selected cases, an in-plane (distal to proximal) approach may be used to target the trapezium-first metacarpal joint from the palmar side
(A). Of note, using this technique, the needle (white dotted arrow) is advanced through the thenar musdes to pass the capsule (white arrowheads) and
target the synovial cavity (white asterisks) (B). As such, a palmar approach may be more painful compared with the dorsal one. Black rectangle: probe;

black arrow: needle. FPL indicates flexor pollicis longus tendon.

Findings that might be present in patients with rhizarthrosis include
joint effusion, articular space narrowing, cortical irregularities, and
osteophyte formation (Fig. 6D, E). The injection is performed with
a short 25- to 27-G needle. There are several techniques to perform
the injection: in-plane or out-of-plane, lateral to medial, proximal
to distal, or distal to proximal (Fig. 7A, B; Video 9, Supplemental
Digital Content 9, http://links. lww.com/PHM/B232). The selection
of'the technique should be adapted to the individual anatomical
variability and the physician’s expertise.%® Of note, because
the joint space is very small, only a small amount of volume
(max. 0.5 to 1 ml) should be injected to avoid pain caused by
overdistension of the joint capsule.®®™

Exemplary Evidence

Despite the fact that rhizarthrosis is quite common, there
are only Foor—quality studies with inconsistent results in the lit-
erature.”’ Corticosteroid and hyaluronic acid injections are
commonly used in the conservative treatment of rhizarthrosis.
In a recent meta-analysis, hyaluronic acid was reported to be
efficient on the function and corticosteroids on pain control in
the long-term.” Herewith, the limitation in that meta-analysis
was that there was high heterogeneity between studies with re-
gard to different dosages/types of the drugs used. With regard
to thumb OA, Riley et al.,”” in their meta-analysis, stated that
there is a lack of evidence on which injection-based therap?f
is the most effective. According to the RCT of Monfort et al.™
with 88 patients using hyaluronic acid and betamethasone,
both were effective in the management of rhizarthrosis, whereas
the effectivity of HA was higher over time. The accuracy of

606 | www.ajpmr.com

US-guided CMC injections was found to be better than injec-
tions without US guidance.”

RADIOCARPAL JOINT ARTHRITIS

Because of inflammatory or noninflammatory causes (with
a common eventuality of radiocarpal joint degeneration), pa-
tients usually present with pain and limited motion. The history
should be focused on flagging previous injuries (c.g., distal
radius/scaphoid fracture, scapholunate ligament injury) as well
as an existing/early inflammatory condition (e.g., rheumatoid
arthritis).**"® US examination of the radiocarpal joint can re-
veal pathologic findings such as joint effusion, synovial thick-
ening, cortical irregularitics, or formation of osteophytes.®’
Conservative treatment is usually initiated with anti-inflammatory
medications and rest (e.g., wrist splints). Corticosteroid injection
would perhaps be the next option to preserve function and to con-
trol pain. Aside from its therapeutic effect, the injection might diag-
nostically serve to distinguish between intra-articular pathologies,
tendinopathies, or compressive neuropathies.”® In patients
who are not responsive to conservative alternatives, surgical
treatment might be considered.

Anatomy

The radiocarpal joint is a biaxial and ellipsoid-type syno-
vial joint, comprising the articulation of distal radius and trian-
gular fibrocartilage with the scaphoid, lunate, and triquetrum
bones (Fig. 8A). Together with the ligaments, triangular
fibrocartilage (2—5 mm thick disc), composes a part of the tri-
angular fibrocartilaginous complex. Triangular fibrocartilaginous
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Lunate

Scaphoid

FIGURE 8. The cadaveric specimen—with an intemal view—shows the radiocarpal joint (white dots) between the distal end of the radius and the

scaphoid (Sca), lunate (Lun), and triquetrum (Triq) bones (A). Using an in-plane (distal to proximal) approach, the needle (white dotted arrow) can be
advanced inside the dorsal, radioscaphoid recess (white asterisk) to perform a radiocarpal injection (B, C). Likewise, using an in-plane (ulnar to radial)
approach, the dorsal recess of the radiocarpal joint (white asterisk), which is located between the dorsal scapholunate ligament (SL) and the extensor
tendons (ET), may be easily targeted, keeping the needle more parallel to the US beam and optimizing its visualization (D, E). Blue: articular cavity; red:

dorsal scapholunate ligament. V indicates vein.

complex suspends the ulnar carpus and distal radius from distal
ulna. The fibrous capsule ofthe joint is lined by synovial mem-
brane and is strengthened by palmar and dorsal radiocarpal,
palmar ulnocarpal, and radial and ulnar collateral ligaments.
When the wrist is in neutral position, only scaphoid and lunate
are in contact with radius and the triangular fibrocartilaginous
complex. Triquetrum comes to contact only when the wrist is
fully adducted. Radiocarpal movements are evaluated together
with the intercarpal bones, since they are both involved in wrist
movements whereby same muscles perform the action. Active
wrist joint movements are flexion, extension, abduction (radial
deviation), adduction (ulnar deviation), and circumduction (all
four movements together).

US Imaging and Intervention Technique

The patient can either be sitting in front of the examiner or
lying supine. The supine position is more comfortable for the
patient, lowering the risk of vasovagal syncope.®® The forearm
of the patient is in maximal pronation. A small towel is put un-
der the wrist, which is in slight flexion, and the radiocarpal
joint opens on the dorsal side.”” For injection, radioscaphoid joint
is a preferred place because it is easily accessible and there are no
overlying tendinous or vascular structures.”” The injection into the
tendon sheath or the small vessels can easily be prevented with
US guidance.”” For localizing the radioscaphoid joint, the trans-
ducer is initially/axially put over the radial styloid and wrist. After
visualizing the Lister’s tubercle in the middle of the image, the
probe is rotated 90 degrees to the sagittal plane, so the probe
becomes longitudinal across the radioscaphoid joint. Patho-
logic US findings would be joint effusion, thickening of the
synovium, articular space narrowing, bony irregularities, and
osteophyte formation.®® A 25-G needle loaded with 2-3 ml
of injectate (e.g., corticosteroids, viscosupplementation, and

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

platelet-rich plasma) volume is typically used.*®"® The needle
is inserted using the in-plane technique following a distal to
proximal trajectory (Fig. 8B, C). Another possibility can be
the out-of-plane apg)roach following a radial-to-ulnar or ulnar-
to-radial trajectory.” When the injection is correctly adminis-
tered into the joint, no resistance should be encountered.®® An
alternative would be the in-plane technique and ulnar to radial
approach, releasing the drug over the dorsal scapholunate liga-
ment inside the dorsal radiocarpal recess (Fig. 8D, E).

Exemplary Evidence

According to a recent meta-analysis, US examination is a
valid and reproducible technique for detecting synovitis in the
wrist and it may be considered as a part of the standard diag-
nostic algorithm in RA."™ Intraarticular injections are commonly
used to treat (non)inflammatory conditions in the radiocarpal
joint.™ These injections have been traditionally given blindly,
using palpation for landmarks to identify the joint. US-guided
injections have better accuracy’® and clinical efficacy.™ Like-
wise, another RCT reported that US guidance improved the per-
formance, cost-effectiveness, and clinical outcomes of intraarticular
wrist injections in theumatoid arthritis. ¥ Concerning the comparison
of operative vs. nonoperative treatments of wrist osteoarthritis,
one recent meta-analysis has reported the paucity of prospec-
tive studies on the topic.®

CONCLUSION
As most of the wrist/hand structures are superficial, US
imaging/guidance would be noteworthy for the management
of pertinent disorders in the daily practice of musculoskeletal
physicians. Accordingly, in this article, the authors tried to ex-
emplify certain anatomical and technical issues that—they
believe—excel such diagnostic and therapeutic procedures

www.ajpmr.com | 607

Copynight © 2021 Wolters Kluwer Health, Inc. All rights reserved.

89



P6

Mezian et al.

Volume 100, Number 6, June 2021

performed by using US. Last but not least, it is necessary to
keep in mind that US is an invaluable tool to guide the holistic
clinical approach to patients.
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7. Diskuse

Z vysledkl ndmi provedené studie vyplyva, Ze ve sledovanych parametrech neni signifikantni
rozdil mezi aplikaci kortikosteroidii (KS) ke Slacham flexort a hydrodisekci od §lach flexort, coz
nepotvrdilo pocatecni hypotézu, Ze hydrodisekce by mohla byt u€innéjsi, vzhledem k ptidatnému
mechanickému faktoru rozruseni adhezi. Ve prospéch této hypotézy vypovidala fada studii, ve
kterych byla provedena hydrodisekce za pouziti jinych latek, jako naptiklad roztok 5% dextrozy,
fyziologicky roztok nebo hyaluronidaza, s prokazatelnym zlepSenim v subjektivnich i objektivnich
sledovanych parametrech (Alsaeid, 2019; Wu et al., 2019; Elawamy et al., 2020). Wu a kolektiv
provedli prospektivni, randomizovanou, dvojit¢ zaslepenou a placebem kontrolovanou studii, kdy
v jedné skupiné€ byla provedena hydrodisekce n. medianus od Slach flexord roztokem chloridu
sodného (NaCl) a ve skupiné kontrolni byl NaCl aplikovan do podkozi. Skupina s provedenou
hydrodisekci vykazovala pretrvavajici ucinek ve zlepSeni ptiznakid az 6 mésict od intervence (Wu
et al., 2019). Evers a spolupracovnici publikovali studii na 12 kadaverech, ze které vyplyva, ze
hydrodisekce roztokem NaCl n. medianus od $lach flexorl 1 retinaculum musculorum flexorum
jednoznacén¢ snizila index tfeni n. medianus pii pohybech horni koncetiny (Evers et al., 2018).
V dalsi studii se 40 tcastniky byl sledovan ucinek hydrodisekce n. medianus od Slach flexort 1
retinaculum musculorum flexorum za pouziti hyaluroniddzy (adheziolyticky efekt) wvs.
dexamethasonu. Uéinek hyaluronidazy se ukézal jako vyznamnéjsi ve sledovanych parametrech i
po 6 mésicich od intervence (Alsaeid, 2019). Zda se, ze v ptipadé kortikosteroidi hydrodisekce
nepiinasi vyznamny adjuvantni efekt k samotnému ucinku KS. V souladu s timto tvrzenim je
studie s 64 GCastniky z roku 2021, ve které Wang a kolektiv zkoumali G€inek aplikace triamcinolon
acetatu hydrodisekci a pouze laterdlné od n. medianus. Vysledky se shoduji se zavéry nami
provedené studie, tzn. doslo ke zlepSeni sledovanych parametrii v obou skupinach bez rozdilu mezi
témito skupinami (Wang et al., 2021). Babaei-Ghazani a spolupracovnici publikovali vysledky
randomizované studie, ve které srovnavali Ui€inek obstiiku kortikosteroidy nad a pod n. medianus
u 44 pacientil s mirnym az sttednim SKT. V této studii neprokazali statisticky signifikantni rozdil
mezi jednotlivymi skupinami. Nicméné ob¢ skupiny prokazovaly zlepSeni subjektivnich ptiznak,
funkce 1 vysledkt elektrodiagnostického vySetteni (Babaei-Ghazani et al., 2018b). Pilotni studie
s 20 ucastniky z roku 2020, zkoumala G¢inek obstfiku n. medianus pii SKT betamethasonem
s hydrodisekci a bez ni. Ze zavéru vyplyva, ze po Ctyfech a 24 tydnech doslo ke zlepSeni v obou
skupinach bez statisticky vyznamného rozdilu mezi nimi. Kontrola ve 24. tydnu vSak probihala

pouze telefonicky, nebyly tak posuzovany objektivni parametry (Schrier et al., 2020).
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Patofyziologie vzniku SKT jesSté neni zcela objasnéna. Pravdépodobné dochdzi ke zvyseni tlaku
v omezeném prostoru KT v disledku otoku synovidlni vrstvy $lach flexorti a mekkych tkéni. To
ma za nasledek lokalni zanétlivou odpovéd’, poruchu cévniho zasobeni a axonalniho transportu
nervu a jeho otok (Dilley a Bove, 2008; Mackinnon, 2002). Histologické nalezy odhalily fibrozu
subsynovialni pojivové tkané, kterd je ulozena pod retinaculum musculorum flexorum a nad
Slachovymi pochvami povrchového flexoru prstii (Ettema, 2004). Tato tkan by méla umoznovat
snadny pohyb n. medianus oproti okolnim strukturam, coz v disledku fibr6zy neni mozné. Neni
jeste piesné objasnén vztah mezi omezenim pohyblivosti n. medianus a neuropatii,
pravdépodobnym mechanizmem je zamezeni pohybu nervu lateralné pfi silovém tchopu rukou.
To ma za nasledek jeho dalsi traumatizaci (Sucher, 2009). Pravdépodobné je pti¢inou vzniku obtizi
kombinace obou mechanizmi (Mackinnon, 2002). Jednim z nej¢astéjSich neoperacnich postupt
pti 166bé mirného az stiedné zavazného SKT je aplikace kortikosteroidd do oblasti zap&sti. Uinek
Armstrong et al., 2004). Zaroven bylo prokazano, ze UZ navigované obstiiky maji vétsi ucinnost
oproti obstiikiim provedenych na zakladé pohmatové orientace (Babaei-Ghazani, 2018; Ustiin et
al., 2013). Presné misto a technické provedeni obstiiku je stidle pfedmétem diskuze. Je potieba
dalsiho vyzkumu k objasnéni U¢inkd hydrodisekce za pouziti KS a jejich pfetrvavani v Case.
Dalsim smérem by mohlo byt studium hydrodisekce u pacientii s pretrvavajicimi ¢i recidivujicimi
potizemi po operacni dekompresi, tzv. failed carpal tunnel surgery.

Intramuskularni hemangiom se na UZ zobrazuje jako dobfe ohranicené, n€kdy lobularni
loZisko, vyplnéné heterogennimi cévnimi strukturami, v nichZ mohou byt pfitomné kalcifikace
(Griffin et al., 2007). Zobrazeni power Doppler mtize byt ndpomocné, ale vzhledem k pomalému
toku krve v malformovanych cévach nemusi byt vZdy pozitivni. K potvrzeni diagndzy a vylouceni
malignity se doporucuje zobrazeni MR a pfipadné i histologické vySetteni (Pirri et al., 2022).
Hemangiomy obecné jsou benigni nadory z krevnich cév, které tvoii asi 7 % nadortt mekkych
tkani, [H jsou zastoupeny méné nez v 0,8 % piipadi. Nej€astéji jsou uloZeny ve stehnu a lytku a
objevuji se s vyssi prevalenci do 30 let véku. Jejich diagnostika miize byt svizelna prave proto, ze
se pro jejich vzacnost na tuto diagnézu nepomysli a klinické projevy mohou byt nespecifické. Na
rozdil od povrchové uloZenych hemangiomt se neobjevuji barevné zmény na koZnim povrchu.
Nejcastéji se v klinickém nélezu popisuje chronicka bolest, miize byt patrna pohmatové mékka
rezistence. MlzZe byt provazena dysfunkci postizenych svalii, 60 % postizenych udava zhorSeni
pfi aktivitach, v disledku zvySeni krevniho pratoku cévami (Wierzbicki et al., 2013). Publikace
z posledni doby uvadi, ze UZ je ¢asto prvnim zobrazovacim vySetfenim vedoucim ke stanoveni

diagnozy (Pirri et al., 2022).
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Popsana technika pro obstiik hypertrofovanych anularnich poutek ptedstavuje alternativu ke
konvencnim obstfikiim z dlaiiového ptistupu. V kizi dlanové ¢asti prstli a dlané se nachézi vysoka
koncentrace hmatovych receptortt (100-140/cm?) a smérem k zapésti se tato koncentrace snizuje
(Johansson a Vallbo, 1979). Tato bohata inervace je pfi¢inou zna¢né bolestivosti tohoto vykonu.
Ultrazvukova navigace zvysuje u€innost obstiiku, nebot’ dle kadaverické studie vyplyva, ze pfi
injekci s pohmatovou orientaci je pouze 15 % ucinné latky skute¢né aplikovano do Slachové
pochvy (Lee et al., 2011). Diky UZ navigaci miizeme jehlu zavést z meziprstniho prostoru bez
poranéni nervoveé-cévniho svazku. Kize v meziprsti nevykazuje takovou citlivost jako kize dlané
a procedura je pacienty relativné dobfe tolerovana.

Ultrazvukové pristroje se cenoveé vyznamné lisi. Nicméné vSeobecné plati, Ze pofizovaci a
provozni naklady jsou ve srovnéani s nékterymi jinymi zobrazovacimi metodami relativné nizké.
Mezi dalsi vyhody patii absence ionizujiciho zafeni a kontraindikaci. Zaroven se UZ vySetteni tési
oblibenosti i mezi pacienty, protoze je to vySetfeni nebolestivé a neinvazivni a mohou jej sledovat
pfimo na obrazovce, tzv. sono-feedback (Caglayan et al., 2016). Ultrazvukové pfistroje jsou i
pfenosné a trendem posledni doby je jejich miniaturizace, coz umoznuje vySetfeni ptimo u lizka
(,,bed side examination‘) nebo vysetieni pfimo na sportovisti nebo v terénu. Jednou z vyznamnych
vyhod je moznost korelace obtizi pacienta, klinického vysetfeni a UZ néalezu pomoci dynamickych
manévri a ,,sonopalpace”, kdy se tlakem sondy v mist¢ patologického nalezu snazime
reprodukovat pacientovy obtiZe. Navic 1ze ndlezy porovnat s kontralateralni, nepostiZenou stranou
v piipad¢ jednostrannych ndlezi. DneSni moderni pfistroje maji velmi dobré rozliSeni a lze
zobrazit v podstaté veSker¢ tkané, které nejsou kryté kostnim povrchem nebo nelezi v akustickém
kostnim stinu. V neposledni fad€ 1ze UZ vyuzit pfi navigaci jehly pfi intervencnich vykonech
(Ozgakar et al., 2015a). Ultrazvukova navigace zvySuje nejen terapeutickou tcinnost, ale i
bezpecnost téchto procedur (Wu et al., 2015). Mezi hlavni nevyhody se uvadi dlouhd délka
vycviku sonografisty a zavislost interpretace vysledkli na vySetfujicim. Nicméné toto plati
prakticky u vSech zobrazovacich metod. Navic v dnes$ni dob¢ existuje velké mnozstvi kvalitnich
kurzii a literatury, coz délku vycviku zkracuje. Dal$i nevyhodou je nemoznost zobrazeni tkani
ukrytych v kosti nebo v jejim akustickém stinu. Na druhou stranu povrch kosti 1ze zobrazit velmi
dobfe a UZ lze zobrazit napt. unavovou zlomeninu kosti jeSt¢ pfed pozitivhim nalezem na
rentgenovém snimku. Jako u kazdé metody je potieba znat jeji limity a v ptipad¢é diagnostickych
pochyb zvolit jiné dopliujici vysetteni. Oz¢akar a kolektiv v provedené retrospektivni studii s 309
pacienty srovnavali pouziti MSK UZ se zavedenymi postupy. Vysledky ukazuji, Ze pii vyuziti UZ
doslo k poklesu ¢ekaci doby na zobrazovaci vySetfeni, snizeni expozice ionizujicimu zéfeni a

snizeni celkovych finanénich nakladt na péci (Ozgakar et al., 2010). Piestoze MSK UZ prakticky
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nema kontraindikace a jedna se o metodu relativné bezpe¢nou, dochazi pti prichodu UZ vInéni
tkanémi k specifickym biologickym G¢inklim. Jsou to ucinky tepelné, mechanické a fyzikalné-
chemické. U diagnostického ultrazvuku se uplatiiuji predevsim termické ucinky, a to zejména pii
vyuziti spektralniho dopplerovského rezimu v porodnictvi. Pfi bézném vySetfeni pohybového
aparatu jsou rizika poSkozeni tkan€ minimalni. Pfesto i zde je doporuceno fidit se tzv. principem
ALARA (As Low As Reasonably Achievable), tzn. snizit intenzitu a dobu vySetfeni na minimum

nezbytné ke stanoveni diagnézy (Hlinomazova a Hrazdira, 2005).
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8. Zavéry

Z provedené vyzkumné Casti prace vyplyva, ze ve sledovanych parametrech neni rozdil mezi
dvéma zpusoby UZ navigovaného obstfiku n. medianus pii syndromu karpalniho tunelu.
Hydrodisekce 1 obstfik mezi Slachy flexorti vykazuji stejnou ucinnost ve zlepSeni hodnocenych
parametrt, tj. subjektivni hodnoceni bolesti, elektrodiagnostickych a ultrasonografickych
parametrt ve 2. az 12. tydnu po obstfiku. Intervenujici 1ékar se tak mize rozhodnout dle svych
preferenci a zkuSenosti a v souvislosti s anatomickym uspofadanim u konkrétniho pacienta.
jehly k nervu, je proto optimalni volbou pro zacinajici sonografisty. Obstiik hydrodisekci lze
vyuzit u komplikovanéjsich pripada, jako je naptiklad neucinny operaéni vykon. Je zdroven mozné
provést hydrodisekci nejen od §lach flexort, ale i od retinaculum musculorum flexorum nebo
ptipadnych adhezi s pooperac¢ni jizvou.

Ultrazvukové vySetfeni pfimo v ordinaci 1ékare je relativné dostupné a nezatéZuje pacienta
ionizujicim zafenim. Muze pfinést necekané diagnostické vyusténi, tak jako v pfipadé vyse
uvedené kazuistiky, kdy ptivodni pracovni diagnoéza tendinitidy Slach flexorG ptedlokti, resp.
m. flexor pollicis longus, byla diky UZ vySetfeni zménéna a uspéSné 1é¢ena jako intramuskularni
hemangiom svalll predlokti, resp. thenaru. UZ tak mlZe napomoci k rychlejSimu stanoveni
diagnozy a k v€asnéjsi odpovidajici 1€cbé.

Prezentovana modifikace 1é¢ebného obstiiku pii hypertrofii anularniho poutka muize slouzit
jako alternativa k v§eobecné pouZivané varianté z palmarniho pfistupu. Dle zkuSenosti z praxe je
spojena s mensi periproceduralni bolestivosti a je pacienty dobfe tolerovéana.

Ptehledové ¢lanky shrnuji dosavadni poznatky v UZ diagnostice a 1é€be vybranych patologii
v oblasti lokte a zapé€sti. Se zvySujicim se rozliSenim UZ sond a s rozvojem novych metod, jako je
napiiklad sonoelastografie, vznika potfeba dalSich kvalitnich studii k objasnéni nékterych
patologii a jejich diagnostiky. Predstavené piehledové clanky také upozornily na potiebu

sjednoceni terminologie v odborném pisemnictvi.
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9. Souhrn

Ultrasound-Guided Perineural vs. Peritendinous Corticosteroid Injections in Carpal Tunnel
Syndrome: A Randomized Controlled Trial

Cilem studie byla identifikace optimélniho mista obstiiku n. medianus pii syndromu
karpalniho tunelu s prokazateln¢ lepsim ucinkem na a) subjektivni vnimani ptiznakt, b) snizeni
hodnoty plochy pti¢ného fezu (CSA) n. medianus v KT, c) zlepSeni hodnot distalni motorické
latence (dml). Hypotézou bylo, ze hydrodisekce bude mit vétsi ti€inek na zlepSeni sledovanych
parametrii, vzhledem k mechanickému rozruseni adhezi mezi nervem a §lachami flexori. Jednalo
se o randomizovanou, jednoduse zaslepenou, kontrolovanou studii. Ctyficet est pacientl bylo
nahodné, obalkovou metodou, rozdéleno do dvou skupin. Skupina A (18 Zen a 5 muzl; primérny
vek 50 £ 15,9 let; primérna délka trvani ptiznaki 5,9 £ 3,3 mésice). Skupina B (19 Zen a 4 muzi;
primérny vék 54,3 + 15,0 let; primérna délka trvani ptiznakil 5,9 + 4,7 mésice). Pacienti ze
skupiny A podstoupili obstiik smési 1 ml 1% trimecain chloridu (Mesocain) a 1 ml (40 mg)
methylprednisolon acetatu (Depo-Medrol) mezi n. medianus a §lachy flexort, pacienti skupiny B
absolvovali obstfik stejnou smési ke Slacham flexord. Jako primarni ukazatel zlepSeni byla
sledovana vizudlni analogova skdla bolesti, sekundarn¢ byly hodnoceny dvé ¢asti Bostonského
dotazniku. Pro objektivni hodnoceni u¢inku byla pouZita hodnota dml, CSA n. medianus,
dvoubodové diskriminacni €iti a sila stisku pomoci dynamometru. Data byla sbirana vstupné, 2.,
6. a 12. tyden po intervenci. V obou skupinéach jsme zaznamenali zlepSeni v 2. tydnu po intervenci
jak v objektivnich, tak v subjektivnich parametrech. Toto zlepSeni pfetrvavalo i 12. tyden. Mezi
dvéma skupinami nebyl zaznamenan statisticky signifikantni rozdil v Gi¢innosti obstfiku. Béhem
studie nebyly pozorovany zadné zavazné nezadouci Gc¢inky. Ob¢ technické varianty obstiiku pii
SKT piinaseji stejny UCinek pro pacienta, pfi¢emz variantu obstfiku ke Slacham flexord Ize
sonografisty. Metodu obstfiku s hydrodisekci 1ze vyuZit u pacientl po neuspésném chirurgickém

zakroku.

Two Cases of Intramuscular Hemangiomas in the Upper Limbs. From Sonography to
Pathology

Kazuistika ptedstavuje zachyt dvou piipadi intramuskuldrniho hemangiomu na horni
koncetin€ v relativné kratkém cCasovém sledu. Oba ptipady byly inicialng 1éceny jako tendinitida,
resp. svalové pretizeni. Ultrazvukové vySetfeni prokdzalo intramuskularné uloZené dobie

ohranic¢ené lobularni lozisko, vyplnéné kompresibilnimi kavernami. Byl pfitomen ojedinély signal
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power Doppler, v jednom ptipad¢ byly patrné intravaskularni kalcifikace. Oba pacienti byli
odeslani ve zrychleném rezimu na vySetfeni magnetickou rezonanci, jimz se potvrdilo podezieni
na intramuskularni hemangiom. Intramuskularni hemangiomy jsou relativné malo Casté a jejich
vcasné rozpoznani je klinicky dilezit¢é. Muskuloskeletalni ultrazvuk se ukazal jako vhodné

vySetieni pro inicialni rozpoznani nadoru.

Interdigital Approach to Trigger Finger Injection Using Ultrasound Guidance

Stenozujici tendovaginitida neboli lupavy prst je pomérné ¢astd pti¢ina vyhledani oSetieni
l1ékafem. Pfi ultrazvukovém vySetteni se obvykle zobrazuje jako zbytnélé, hypoechogenni anularni
poutko povrchové nad §lachou flexoru. V dynamickém zobrazeni pasivni flexe prstu 1ze nékdy
zobrazit konflikt se Slachou. Mezi standardni nechirurgicka feSeni patii imobilizace, podani NSA
a obstiik kortikosteroidy. Obvykle se obstfik provadi z dlanové strany prstu, coZ je vzhledem
k vysoké koncentraci hmatovych télisek spojeno s periproceduralnim diskomfortem. V ¢lanku je
predstaven alternativni zptisob obstiiku z meziprstniho prostoru za vyuziti UZ navigace, ktery

muze predstavovat mén¢ bolestivou variantu.

Ultrasound-Guided Procedures in Common Tendinopathies at the Elbow: From Image to
Needle, Ulnar Neuropathy at the Elbow: From Ultrasound Scanning to Treatment,
Ultrasound Imaging and Guidance in Common Wrist/Hand Pathologies

Prehledové c¢lanky, jejichz cilem je rozsifit povédomi o moznostech UZ diagnostiky v praxi
rehabilitacniho I¢kate. V ¢lancich jsou shrnuty zakladni anatomické poznatky a odpovidajici
ultrazvukové ndlezy. Jsou zde popsany nejCastéjsi patologie, se kterymi se lze v praxi setkat a

postupy intervencnich procedur.
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10. Summary

Ultrasound-Guided Perineural vs. Peritendinous Corticosteroid Injections in Carpal Tunnel
Syndrome: A Randomized Controlled Trial

The aim of the study was to identify which median nerve (MN) injection site in carpal tunnel
syndrome would have a superior effect on a) subjective symptom perception, b) reduction of cross-
sectional area (CSA) values, and c¢) improvement in distal motor latency (dml) values. It was
hypothesized that hydrodissection would have a greater effect on the improvement of the
parameters due to the mechanical disruption of the adhesions between the nerve and the flexor
tendons. This was a randomized, single-blinded, controlled trial. Forty-six patients were randomly
divided into two groups. Group A (18 women and five men; mean age 50 + 15.9 years; mean
duration of symptoms 5.9 + 3.3 months). Group B (19 women and four men; mean age 54.3 + 15.0
years; mean symptom duration 5.9 + 4.7 months). Patients in group A underwent injection with a
mixture of 1 ml of 1% trimecain chloride (Mesocain) and 1 ml (40 mg) of methylprednisolone
acetate (Depo-Medrol) between the MN and flexor tendons; patients in group B underwent
injection with the same mixture to the flexor tendons only. The visual analog scale (VAS) of pain
was used as the primary outcome measure of improvement. The symptom severity scale and
functional status scale of the Boston Carpal Tunnel Questionnaire were used as the secondary
subjective outcome measures. Two-point discrimination, grip strength, cross-sectional area, and
distal motor latency were assessed as objective outcome measures. The data were collected at
baseline, and 2, 6, and 12 weeks after the injection. In both groups, we observed improvement in
the second week after intervention in both objective and subjective parameters. This improvement
persisted at week 12. There was no statistically significant difference between the two groups. No
serious adverse effects of treatment were observed in both groups during the study. Both technical
variants have shown the same effect on the patients. Notably, the variant of injection to the flexor
tendons can be considered safer regarding possible nerve injury and is, therefore, suitable for less
experienced/novice sonographers. The hydrodissection can be a promising technique in patients

after unsuccessful surgery.

Two Cases of Intramuscular Hemangiomas in the Upper Limbs. From Sonography to
Pathology

This case report presents the detection of two cases of intramuscular hemangioma in the upper
limb in a relatively short time sequence. Both cases were initially treated as tendinitis and muscle

strain, respectively. Ultrasound examination showed an intramuscularly deposited well-
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marginated lobulated lesion filled with compressible caverns. Occasional power Doppler signal
was present, and intravascular calcifications were evident in one case. Both patients were referred
for magnetic resonance imaging, where a suspected intramuscular hemangioma was confirmed.
Intramuscular hemangiomas are relatively uncommon but not as rare as one might think. MSK

ultrasound proved to be an appropriate diagnostic tool for initial tumor recognition.

Interdigital Approach to Trigger Finger Injection Using Ultrasound Guidance

Stenosing tenovaginitis or trigger finger is a relatively common cause to seek treatment by a
physician. On ultrasound examination, it usually appears as a thickened, hypoechoic annular
pulley superficial to the flexor tendon. Dynamic imaging of passive finger flexion can sometimes
show conflict with the tendon. Standard nonsurgical treatment includes immobilization, NSAID
administration, and corticosteroid injection. It is standardly performed from the palmar side of the
finger, which is associated with periprocedural pain due to the high concentration of tactile bodies.
This article presents an alternative injection method from the interdigital space using ultrasound

guidance, which may represent a less painful option.

Ultrasound-Guided Procedures in Common Tendinopathies at the Elbow: From Image to
Needle, Ulnar Neuropathy at the Elbow: From Ultrasound Scanning to Treatment,
Ultrasound Imaging and Guidance in Common Wrist/Hand Pathologies

Review articles designed to increase awareness of the potential of ultrasound diagnostics in
the rehabilitation physician's practice. The articles summarize basic anatomical findings and
corresponding ultrasound findings. The most common pathologies encountered in practice and

interventional procedures are described.
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13. P¥ilohy

Ptiloha 1. Bostonsky dotaznik hodnoceni syndromu karpalniho tunelu a vizualni analogova Skala

bolesti

Dotaznik BCTSQ

Nisledujici otdzky se vztahuji k VaSim
potizim béhem typického 24-hodinového obdobi
v poslednich dvou tydnech (zaSkrinéte jen jednu
odpoved pro kazdou otdzku).

Symptom severity scale

1. Jak silné jsou bolesti ruky nebo zapésti,
které mate v noci?

; O V noci nemdm bolesti ruky nebo zdpésti
» O Slab4 bolest

3 O Mirnd bolest

4+ O Silnd bolest

s O Velmi silnd bolest

2. Jak ¢asto Vis v poslednich dvou tydnech
béhem typické noci vzbudila bolest ruky
nebo zapésti?

» O Jednou

3 O Dvakrit az tfikrit

o+ O Cryfikrdt az pétkrat

s O Vice nez pétkrit

3. Mivate obvykle bolesti ruky nebo zipésti
béhem dne?

1 O Nemédm bolesti béhem dne

» O Mam slabé bolesti béhem dne

3 O Médm mirné bolesti béhem dne

4 O Mam silné bolesti béhem dne

s O Mdm velmi silné bolesti béhem dne

4. Jak ¢asto mivate bolesti ruky nebo zapésti
béhem dne?

, O Nikdy

> O Jednou nebo dvakrit za den

3 O Trikrdt az pétkrat za den

4O Vice nez pétkrit za den

s O Bolest je trvald

5. Jak dlouho, prumeérné, trva jedna epizoda
bolesti béhem dne?

1 O Nemam bolesti béhem dne

» O Méné nez 10 minut

30 10 az 60 minut

4 O Vice nez 60 minut

s O Bolest je stdld béhem celého dne

6. Mivite necitlivost (sniZenou citlivost)
ruky?

1 O Ne

» OO Mdm slabou necitlivost

3 0 Mam mirnou necitlivost

4+ O Mam silnou necitlivost

5 O Mdm velmi silnou necitlivost

7. Pocit’ujete slabost ruky nebo zapésti?
1 O Ne

> O Jemnou slabost

3 O Mirnou slabost

4 O Silnou slabost

s O Velmi silnou slabost

8. Miviite brnéni v ruce nebo v zipésti?
1 0 Ne

» O Slabé brnéni

3 O Mirné brnéni

4 O Silné brnéni

5 O Velmi silné brnéni

9. Jak velké je toto brnéni nebo necitlivost
(sniZzena citlivost) v noci?

1, O V noci nemédm brnéni nebo necitlivost

» O Slabé

3 O Mirné

4 O Silné

5 O Velmi silné

10. Jak casto Vas v poslednich dvou tydnech
béhem typické noci vzbudila necitlivost nebo
brnéni ruky?

i O Nikdy

» O Jednou

3 O Dvakrat az trikrat

o O Cryfikrit a7 pétkrat

5 O Vice nez pétkrat

11. Mate potize s uchopenim a pouZivanim
drobnych predmétii jako jsou tieba klice
nebo propiska?

O Nemdm potize

> O Slabé potize

3 O Mirné potize

4 O Silné potize

s O Velmi silné potiZze

Pokracdujte na druhé strané...

Zdroj: Levine DW et al. A self-administered questionnaire for the assessment of severity of symptoms and functional status in carpal tunnel syndrome. J

Bone Joint Surg Am 1993:75A: 1585-92.
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Functional status scale

Mel(a) jste béhem typického dne v poslednich dvou tydnech potize s rukou nebo zdpéstim pri
vykondvani niZe uvedenych ¢innosti? Prosim zakrouzkujte ¢islo, které nejlépe odpovidd Vasi schopnosti
provadeét piislusné ¢innosti:

5, Nemam Mam slabé Mam mirné Mam vazné e o3
Cinnost otize ofiZe ofize tize schopen(a) kvuli
P P P po potizim s rukou
12. Psani 1 2 3 4 5
13. Zapinani knofliku kosile 1 2 3 4 5
14. Drzeni knihy béhem &teni 1 2 3 4 5
15. Drizeni telefonniho sluchatka 1 2 3 4 5
16. OFVIram zavitu zavarovaci 1 2 3 4 5
sklenice
17. Prace v domacnosti 1 2 3 4 5
18. Neseni nakupni tasky 1 2 3 4 5
19. Koupani a oblékani 1 2 3 4 5

Dékujeme za vyplnéni tohoto dotazniku!

bez bolesti nejhorsi bolest, jakou si
umite predstavit

T T T

T T T T ]
0 1 2 3 4 5 6 7 8 9 10

Zdroj: Levine DW et al. A self-administered questionnaire for the assessment of severity of symptoms and functional status in carpal tunnel syndrome. J
Bone Joint Surg Am 1993;75A: 1585-92. @Copyright Brigham and Women s Hospital
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Ptiloha 2. Titulni strana ¢asopisu American Journal of Physical Medicine & Rehabilitation (Cerven

2021, rocnik 100, ¢islo 6).
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Number 6
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