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Abstrakt
Uvod: Piedmétem této dizertatni prace byly dvé dynamické piistrojové vysetfovaci metody,
pohybového aparatu: ultrazvukové vySetfeni pohybového systému a dynamicka pfistrojova
objektivizace posturalnich funkci (méfeni tlaku, ktery vytvaii bfisni sténa).
Metody a cile: Na zaklad¢ reSerSe literatury a konsenzu mezinarodnich expertii vytvofit
ucelené dynamické vySetfovaci protokoly kloubti, které zatim v literatufe nejsou dostupné.
Dalsim cilem bylo vytvofeni reSerSnich ¢lankli popisujicich nejcastéjsi intervence pod UZ
kontrolou a nasledné vytvoieni originalnich vzdélavacich materiald pro zacatecniky
v muskuloskeletalni ultrasonografii. DalSim cilem bylo ovéfit, jestli klinické testy posturalni
stabilizace koreluji s objektivné méfenym tlakem, ktery vytvaii bfiSni sténa. Korelace byla
nejprve testovana na zdravych probandech, nasledné na probandech s bolestmi zad. Dalsi ¢ast
pace si kladla za cil ovéfit, zda existuje korelace mezi tlakem vytvofenym bfiSni sténou a
nitrobfiSnim tlakem méfenym anorektalni sondou. V posledni ¢ésti projektu byl porovndvan
tlak vytvofeny btisni st€nou u pacientd s bolestmi zad pied a po Sestitydenni fyzioterapii.
Vysledky: Na zdkladé¢ konsenzu mezinarodnich odbornikd byly vytvofeny dynamické
vySetfovaci protokoly a eduka¢ni materidly formou videogalerii. Dale byly publikovany tfi
reSer$ni ¢lanky zaméfujici se na intervencni procedury v oblasti lokte a zapésti. V dalsi ¢asti
byla prokéazana signifikantni korelace hodnot tlaku, ktery vytvari bfi$ni sténa a palpacniho
hodnoceni u Ctyt z péti analyzovanych posturdlnich testl. U zdravych probanda byla zjisténa
nejsilnéjsi korelace mezi objektivnim hodnocenim tlaku tvofenym biiSni st€nou a subjektivnim
hodnocenim dvéma examinatory u brani¢niho testu (r = 0,661 a 0,75). U probandt s LBP byla
prokdzana signifikantni stfedn¢ silna korelace (r=0,479) u brani¢niho testu. Signifikantni silna
korelace mezi hodnotmi tlaku bfi$ni st€ny a anorektalni manometrii byla identifikovana u vSech
métenych testi, tj. Klidové dychéani (r=0.735), Valsalviiv manévr (r = 0.836), MiillerGv manévr
(r=10.651), instruované dychani (r = 0.708) a dychani drzenim biemene (r = 0.921).
Souhrn: V ramci této doktorské prace byly publikovany dynamické vySetfovaci protokoly a
mnemotechnické pomicky pro vyuku v muskuloskeletdlni ultrasonografii. Dale byly
publikovany reSerSni prace na téma nejcastéjSich intervenci v oblasti lokte a zapésti. V ramci
vyzkumu problematiky objektivizace posturalnich funkci byl vyvinut ptistroj DNS Brace, ktery
umoziuje snimat tlak, ktery vytvoii bfiSni sténa proti senzorim umisténych na jejim povrchu.
V ramci této doktorské prace se podafilo prokéazat, Zze nitrobfisni tlak koreluje s tlakem
tvofenym biisni sténou méfenym pomoci DNS Brace. Dale se podatila prokazat korelace mezi
tlakem tvofenym bfisni sténou a klinickym hodnocenim posturdlnich testl u tii posturalnich

testdl u zdravych probandl a u jednoho posturalniho testu u probandt s LBP.
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Abstract
Introduction: The subject of this thesis were two dynamic diagnostic methods of the
musculoskeletal system: dynamic ultrasound examination and instrumental objectification of
postural functions (measurement of the pressure produced by abdominal).
Methods and objectives: Based on literature review and consensus of international experts,
the aim was to create comprehensive dynamic diagnostic protocols for joints that are currently
not available in the literature. Another objective was to create research articles describing the
most common interventions under ultrasound guidance and also original educational materials
for beginners in musculoskeletal ultrasound. Another objective was to verify whether clinical
tests of postural stability correlate with objectively measured pressure produced by abdominal
wall in healthy subjects and then on subjects with low back pain. Another part of the study
aimed to verify if there is a correlation between the pressure produced by abdominal wall and
intrabdominal pressure measured by anorectal probe. The last part of the project compared the
pressure produced by abdominal cavity in patients with low back pain before and after several
weeks of physiotherapy.
Results: Dynamic diagnostic protocols and educational materials in the form of video galleries
were created. Additionally, three research articles focusing on intervention procedures in the
elbow and wrist area have been published. Further, a significant correlation between abdominal
wall pressure values and palpation assessment was demonstrated in four out of five postural
tests. In healthy subjects, the diaphragmatic test showed the strongest correlation (r=0.661 and
0.75). In subjects with LBP, a significant moderate correlation (r = 0.479) was demonstrated in
the diaphragmatic test. Significant strong correlation between abdominal wall pressure values
and anorectal manometry was established in all measured tests. Resting breathing (r = 0.735),
Valsalva maneuver (r = 0.836), Miiller maneuver (r = 0.651), instructed breathing (r = 0.708),
and breathing while holding a load (r = 0.921).
Summary: Within this doctoral thesis, dynamic diagnostic protocols and mnemonics aids for
learning musculoskeletal ultrasound have been published. Reviews about the most common
interventions in the elbow and wrist were also published. As part of the research on the
objectification of postural functions, the DNS Brace device was developed, capable of
measuring the pressure created by the abdominal wall against sensors placed on its surface.
This thesis successfully demonstrated that intrabdominal pressure correlates with pressure
produced by abdominal wall measured using the DNS Brace. Furthermore, correlations were
demonstrated between abdominal wall pressure and clinical assessment of postural tests in three

postural tests in healthy subjects and one postural test in subjects with LBP.
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Seznam zkratek

atd. - a tak dale
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CT - pocitacova tomografie

DNS - Dynamické neuromuskularni stabilizace
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ISPRM - International Society of Physical and Rehabilitation Medicine
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NRS - numerické hodnotici Skala

ODI - Oswestry disability index

OT - OhmTrak

PD - Power Doppler

RTG - rentgenové vysetieni

SD - smérodatna odchylka

USPRM - Ultrasound Study Group of International Society of Physical and Rehabilitation
Medicine

VAS - vizualni analogova Skala
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1. UVOD

1.1. Rehabilitace

Rehabilitace (Rehabilitacni a fyzikdlni medicina, anglicky Physical Medicine and
Rehabilitation nebo Physiatry) je 1€katsky obor, ktery si klade za cil zlepsit ¢i obnovit funkéni
schopnosti a kvalitu zivota u pacientd s télesnym postizenim nebo onemocnénim postihujicim

pohybovy systém (svaly a jejich nervy, Slachy, vazy a kosti).

Na rozdil od jinych lékatskych specializaci, smyslem rehabilitacniho lékatstvi neni pouze
vylécit nemoc pacienta, ale také maximalizovat pacientovu samostatnost v aktivitach bézného

zivota a zlepsit kvalitu jeho Zivota.
1.2. VySetiovaci metody v rehabilitaci

Aby byl proces rehabilitace Uspéiny, je nejprve tieba spravné stanovit diagnézu. Casto se jedna
o diagnostiku pohybového systému, ktery svoji funkci zprostiedkovava jednu ze zakladnich
¢innosti zivych organizmu — pohyb. Z tohoto diivodu je pii jakémkoliv vySetfeni pohybového
systému nutné reflektovat nejenom jeho strukturu (statické vysetfeni), ale 1 vlastni funkei —

pohyb (dynamické vySetteni).

Dynamické vySetfovaci metody se daji rozdélit na klinické a pfistrojové. Mezi klinicka
dynamicka vySetieni patfi zejména ta, kterd hodnoti vySetiujici subjektivng, napf. testy kloubni
stability, testy rozsahu pohybu v kloubech, odporové testy a dal§i. Pro potiebu lepsi
objektivizace, moZnosti porovnani a statictick¢ého zpracovani a archivace se zavadéji taktéz
rizné Skaly, hodnotici naptiklad trupovou stabilitu souborem testli nebo aktivit (napt. Trunk
impairment scale, Brunel balance assessment, Berg balance scale) (Cabanas-Valdés et al.
2021). Do skupiny pfistrojovych vySetfovacich metod patii napiiklad zobrazovaci metody,
které umoziuji vySetfit pohybovy systém v Case (naptiklad dynamické rentgenové vysetieni,
vySetfeni funk¢ni magnetickou rezonanci a vySetieni ultrasonografické). Kromé zobrazovacich
metod do této skupiny také patii dalsi diagnostické metody, naptiklad elektromyografie (EMQG)
¢1 rozliéné senzory snimajici rizné fyzikalni veli¢iny (napf. tlak, silu nebo povrchové napéti)

v Case, a tim pomahaji k hodnoceni funkce pohybového systému (Cabanas-Valdés et al. 2021).
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Pfedmétem této dizertacni prace jsou dvé dynamické ptistrojové vySetfovaci metody, které
napomahaji presnéjSimu stanoveni diagndzy a objektivizaci funkce pohybového systému:
ultrazvukové vySetfeni pohybového systému a dynamickd pfistrojova objektivizace

posturalnich funkci (méteni aktivity biisni stény a expanze bfisni dutiny).

1.3. Posturalni stabilizace

1.3.1. Postura

Postura je definovana jako poloha téla v prostoru. Existuje fada definici optimalni postury.
Ideélni postura mize byt napt. definovana jako jakakoliv poloha téla, ktera umoziuje udrzovani
rovnovahy s maximalni stabilitou, minimalni spotfebou energie a minimalnim zatizenim
anatomickych struktur (Carini et al. 2017). UdrZovani postury je fizeno centralnim nervovym
systémem, koordinovéano vestibularnim, vizudlnim a senzitivnim systémem a zprostfedkovano
pohybovym systémem. Postura je ovlivnéna neurofyziologickymi, biomechanickymi a

psychoemotivnimi faktory.

Hlavnimi anatomicko-funkénimi strukturami, které koordinuji udrzovéani posturalni rovnovahy,
je vestibularni, vizualni a senzitivni (proprioceptivni - svalova a Slachova vieténka nebo
receptory umisténé v kloubnim pouzdie; a exteroceptitvni — hmatové a tlakové receptory)
systém, dale mozecek, mozkové kira a retikuldrni formace. Postura je udrzovéana kontrakci

svalu.

Udrzovani postury je dynamicky, podvédomy proces, ktery reaguje na zménu piisobeni
vnéjsich sil na télo ¢loveka. Hlavni vnéjsi sila, ktera na lidské télo plsobi, je sila gravitaéni. Pfi
zméng polohy téla, pfi niz se méni tézisteé (plisobisté gravitacni sily), se musi postura na tuto

zménu automaticky adaptovat. (Carini et al. 2017).

1.3.2. Nitrob¥isni tlak a jeho vyznam v posturilni stabilizaci

Nitrobfis$ni tlak (Intra-abdominal pressure, IAP) je hydraulicky tlak v bfiSni dutin€. Jeho
hodnota je urena svalovou praci branice, svalti bfisni stény a svalll panevniho dna. Za
normalnich okolnosti se velikost IAP u zdravych jedinc pohybuje mezi 0—-7 mm Hg (De
Keulenaer et al. 2009). IAP se fyziologicky méni béhem dechového cyklu. Pfi naddechu se
branice pohybuje kaudalné¢ a tla¢i obsah bfiSni dutiny dolti. Tento pohyb spole¢né

M Vs

s excentrickou kontrakci svalii bfiSni stény maji za nasledek zvySeni nitrobfi$niho tlaku. Na
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rozdil od klidového vydechu (pii némz dochézi ke snizeni IAP) pti usilovném vydechu dochazi
v souvislosti s koncentrickou kontrakei svalt bfisni stény ke zvySeni IAP (Hodges a Gandevia
2000b). Ke kolisani IAP nedochézi pouze v dechovém cyklu, ale také pii dal§ich ¢innostech,

S 24

je stani, skakani, ¢i bicepsovy zdvih (Cobb et al. 2005).

Vliv IAP na posturalni stabilitu prokazali Hodges et al., kteti ve svych experimentech potvrdili,
ze zvySeni IAP vede ke zvySeni stability bederni patete (W Hodges et al. 2005). V publikaci
McGilla et al. je vliv narGstu IAP na stabilitu bederni patefe obhajovan eliminaci rotace a
transla¢niho pohybu mezi obratli (McGill a Norman 1987). Podle biomechanického modelu dle
Arshada et al. IAP redukuje kompresivni sily v oblasti patefe a snizuje nutnost zapojeni
okolniho svalstva (Arshad et al. 2016). Také Stokes et al. dosli na biomechanickém modelu

k zavéru, ze spravna aktivace IAP ma schopnost odlehcit bederni patet (Stokes et al. 2010).

Regulace IAP ovliviiyjici kvalitu trupové stabilizace ma v rehabilitaci vyznamny vliv.
Nespravna souhra posturdlniho svalstva a nedokonala stabiliza¢ni funkce je povazovana za
jeden z etilogickych faktori u patologii patefe spojenych s bolestmi zad jako naptiklad
spondylartroza, herniace disku nebo spondylolisthéza. (Hodges 1999; Cresswell et al. 1994)
Nespravna trupova stabilizace je spojena s vyS$§im vyskytem bolesti dolnich zad, ale také
s vyS$Sim rizikem pada a strachu z padu u pacientl. To mlZe mit vliv na sniZeni nezavislosti
v aktivitaich béZzného Zivota a vést ke snizeni kvality zivota (Cabanas-Valdés et al. 2021).
Obezietnost s nadmérnym zvySovanim IAP je na misté u pacientii s prolapsem panevniho dna,
pacientll po bfiSnich operacich, s kylou nebo inkontinenci (Da Silva Borin et al. 2013). Cilem
terapie by nemélo byt absolutni zvySeni hodnot IAP, ale spiSe optimalizace jeho regulace a

distribuce (Novék J, 2022) viz obrazek 1.
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Obrazek 1. Vlevo optimalni schéma regulace IAP, vpravo dysfuknéni schéma regulace, které

vede k chronickému pfetézovani bederni patete. (Frank et al. 2013)
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2. DYNAMICKE ZOBRAZOVACI METODY POHYBOVEHO
SYSTEMU

Porozuméni normalni a abnormalni funkci pohybového systému je klicem ke spravné
diagnostice jeho patologii. Piesné a spolehlivé in vivo vySetfeni biomechaniky pohybového
systému je nezbytné pro porozuméni funkci kloubt a mékkych tkédni u asymptomatickych
jedincti, ale slouzi i k detekeci patologii pohybového systému (napiiklad detekce kloubni
instability nebo impingementu mékkych tkani) a v neposledni fadé k ureni odpovidajici 1éCby,

cilenym intervencim a monitoraci ¢inku 1écby (Borotikar et al. 2017).
2.1. Rentgenové vysetieni

Fluoroskopie je dynamické vySetfeni pohybového systému vyuzivajici rentgenové zaieni a
poskytujici pohyblivy obraz v redlném case. Nevyhodou tohoto vySetfeni je radiacni zatéz jak
pacienta, tak persondlu, ktery vysetfeni provadi. Dalsi nevyhodou je skutecnost, Ze vyuziti
fluoroskopie v hodnoceni morfologie a funkce mekkych tkdni 1ze pouzit pouze limitované a
nepiimo. V rehabilitacni praxi se provadi naptiklad flouroskopické vysetfeni polykaciho aktu
(Giraldo-Cadavid et al. 2017), dale se fluoroskopie vyuzivd pfi navigované aplikaci
intraartikuldrnich injekei (napfiklad kiiZokyc€elniho kloubu). Rentgenového zéfeni vyuziva i
pocitacova tomografie (CT) napf. pii periradikularni terapii (PRT). CT jako takova neni
dynamicka vySetfovaci metoda, vyuziva se ale pro zhodnoceni aktualni situace k orientaci a
ovefovani spravného zavedeni instrumentace pii semiinvazivnich metodach terapie (obstiiky)

nebo pii ortopedickych nebo traumatologickych operacnich vykonech (Schmidt et al. 2018).

K posouzeni sagitalni stability obratlli se vyuzivaji dynamické snimky patete. Pt této metodé
se porovnava posun obratlit v pfedklonu a zdklonu a tak je mozné objektivizovat nestabilni

listézu obratl (D’ Andrea et al. 2005).
2.2. VySetieni magnetickou rezonanci

V soucasné dobé¢ se vySetfeni magnetickou rezonanci (MRI) vyuziva zejména ke statickému
vySetifeni mekkotkanovych a kostnich struktur, nicméné statické zobrazeni kloubu neumoziiuje
komplexni analyzu funkce pohybového systému. To muze mit za néasledek neadekvatnost

konzervativni nebo dokonce chybné indikace chirurgické 1écby.
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Dynamické techniky MRI byly ptivodné vyuzivany pro zhodnoceni funkce srde¢nich chlopni
kvantifikaci toku krve (Borotikar et al. 2017). V 90. letech minulého stoleti se dynamickd MRI
zacala vyuzivat ke zhodnoceni funkéniho pohybu v kloubech. Dynamické MRI vySetieni se
dnes vyuziva k hodnoceni biomechaniky hlavné kolenniho, hlezenniho a ¢elistniho kloubu, dale
také ramenniho, kyCelniho a zapéstniho kloubu (Borotikar et al. 2017). Rovnéz se vyuziva
k analyze mechaniky kosterniho svalstva. Vyhodou této metody je piesné zobrazeni
intraartikuldrnich 1 periartikuldrnich mékkotkanovych struktur. Nevyhodou tohoto vysetfeni je
jeho vysoka cena, limitovana dostupnost a nedostateCna standardizace vysSetiovacich a
diagnostickych postupii. Limitaci je také postprocedudlni komplexita zpracovani dat, ¢asova
naro¢nost a nemoznost vySetteni pacienta v zatézovych polohach, jako naptiklad pii béhu, nebo

pfi zdvihani bfemen (Borotikar et al. 2017).
2.3. Ultrazvukové vySetieni

Role ultrazvukového vysetieni (UZ) pohybového systému (muskuloskeletdlniho ultrazvuku)
v poslednich letech nabyvad na vyznamu nejen v klinické, ale také ve védecké praxi.
Ultrazvukové vySetfeni umoziuje vySetieni v realném Case, je levné, neinvazivni, opakovatelné
a nevystavuje pacienta ani lékafe ionizujicimu zéafeni. Mezi dal$i vyhody patfi mozZnost
okamzité stranové komparace a dynamického vySetfeni. Struktura a funkce riznych
anatomickych jednotek mtze byt hodnocena pfi aktivnim, pasivnim ¢i rezistovaném pohybu.
Dal$imi moZnostmi dynamického ultrazvukového vySetfeni je sonopalpace a vySetfeni
specidlnich diagnostickych manévri. Vyhodou ultrazvukového vySetfeni je také moZnost
pfesné navigace diagnostickych a terapeutickych intervenci. Do modernich funkci, které
dokazou kvantifikovat krevni tok, patti Power Doppler (PD) a Color Doppler (CD) a nové také
nedopplerovské metody. Dalsi recentné diskutovanou metodou je elastografie, ktera hodnoti
elastické vlastnosti mékkych tkani, a dokaze tak kvantifikovat tuhost téchto tkani. Jako pomérné
nové rozsifeni standardniho ultrazvukového vySetfeni se nyni v diagnostice testuje uméla

inteligence, od které se ocekava zptesnéni diagnostiky.

Hlavni nevyhodou ultrazvuku je zévislost kvality vySetfeni na vySetfujicim a dlouha ucebni
kiivka vySetfujiciho. Z tohoto divodu je jednim zcili této doktorské prace vytvoteni
vzdélavacich materidlii a vySetfovacich protokoll, které urychluji u€ebni kiivku. Dalsi limitaci

ultrazvukového vySetfeni je skutecnost, Ze ultrazvukové viny nedokézou proniknout hutnou
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vrstvou kosti ¢i strukturami obsahujicimi vzduch a nelze tak zobrazit struktury, které jsou

v akustickém stinu kosti nebo dutych organti (Ozcakar et al. 2012).
2.3.1. Dynamické ultrazvukové vySetieni mékkych tkani

Dynamické ultrazvukové vysetfeni mekkych tkani umoznuje objektivizaci jejich morfologie
jak v klidu, tak pfi aktivnich, pasivnich ¢i rezistovanych pohybech. V téchto pohybech l1ze
odhalit strukturdlni a funk¢ni patologie, naptiklad mechanicky konflikt (impingement)
meékkotkanovych struktur, instabilitu (snapping) Slachy, vyhfez (herniaci) menisku nebo
natrzeni (rupturu) svalu (Ozgakar et al. 2012). V dynamickém hodnoceni §lacho-svalové funkce
lze in vivo vySetfovat napiiklad rychlost kontrakce ¢i hodnotit tzv pennation angle (ihel mezi
hlubokou aponeur6zou svalu a jednotlivymi svalovymi vlakny), ktery neni konstantni a méni

se v prubéhu pohybu (Sikdar et al. 2014).
2.3.2. Sonopalpace

Sonopalpace je zptisob dynamického ultrazvukového vysetieni, pfi némz vysetiujici aplikuje
tlak sondou proti télu pacienta. Pokud vyvola tento tlak bolest, mize se jednat o jeden
z ptiznakli potvrzujici klinickou relevanci abnormalniho néalezu. V nékterych ptipadech muize
pacient umozZnit presnou lokalizaci mista patologie tim, Ze sam umisti ultrazvukovou sondu na

bolestivé ¢&i jinak subjektivné problematické misto (Ozgakar et al. 2018).
2.3.3. Specialni dynamické manévry

Ultrazvukového vySetfeni mizZe byt pouZito pii specifickych klinickych testech, naptiklad pfti
testu stability loketniho nervu v sulcus nervi ulnaris humeri. Bylo prokazéno, ze UZ je
spolehliva metoda k hodnoceni stability loketniho nervu (Rutter et al. 2019). Dal$im ptikladem
objektivizace dynamického manévru muze byt MulderGiv hmat pfi diagnostice Mortonova
neurinomu (Padua et al. 2020), ¢i hodnoceni tzv. testu predni zadsuvky pfi ruptufe predniho
zktizené¢ho vazu kolenniho kloubu. Ucelené dynamické vySetfovaci protokoly kloubli nejsou

v dostupné literatuie pfitomny, proto je jednim z cilt této doktorské prace jejich vytvoteni.
2.3.4. Intervence pod ultrazvukovou kontrolou

Ultrazvukové zobrazeni muze byt vyuzito také jako navigacni metoda pii rozlicnych

intervencnich vykonech, napt. na kloubech a perifernich nervech, pfi aspiraci tekutinové
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kolekce nebo pti biopsii. Vyhodou UZ kontrolované intervence je kontrola jehly v realném Case
po celou dobu intervence a jistota spravného cileni ¢i moznost identifikace anatomickych
struktur, které nemaji byt pii intervenci poSkozeny (tepny, zily, nervy, duté organy atd.)

(Ozgakar et al. 2012).
2.3.5. Color Doppler a Power Doppler

Tyto dvé technologie jsou zaloZeny na principu Dopplerova jevu, zalozeném na zmeéné
frekvence mechanickych vin pii pohybu zdroje, ¢i pfijimace zvukového vinéni. Color Doppler
a PD dovoluji soucasné zobrazeni ultrazvukového obrazu v B-moédu (brightness) a
superponované¢ho dopplerovského signélu, ktery zndzorfiuje tok krve a umoziuje tak jeho
pfesnou anatomickou lokalizaci. Color Doppler umozituje zobrazeni sméru a rychlosti toku
krve. Power Doppler je senzitivnéjsi pfi hodnoceni pomalych krevnich tokt a je tedy klinicky
pouzivan pro objektivizaci patologické hypervaskularizace. V klinické praxi se metody
barevného mapovani standardné pouzivaji ke zhodnoceni nékterych patologickych nalezi,
napiiklad synovitidy, entezitidy nebo abnormdlni vaskularizace napt. mékkotkanového tumoru.
Power Doppler je senzitivni a spolehliva metoda pro sledovani aktivity onemocnéni u pacientt

s chronickou artritidou (Iagnocco et al. 2008).
2.3.6. Elastografie

Elastografie je metoda, kterd dokaze hodnotit viskoelastické vlastnosti vySetfované tkané.
Umoziuje odhaleni subklinicky poSkozenych svall a §lach hodnocenim jejich mechanickych
vlastnosti. Lze ji vyuZit jak v asné diagnostice, tak pfi monitoraci 1é€by pohybového systému
(Shin et al. 2021). V soucasné dob& se vyuzivaji zejména metody kompresni elastografie a
elastrografie stfiznych vin. V praxi je elastografie vyuzivdna k hodnoceni elastickych vlastnosti
fascii, perifernich nervli, mékkotkanovych expanzivnich procest, svald, Slach a vazi. Jedna se
o metodu relativné novou, kterd musi byt dale podrobena kritické analyze a studovana na vétSim
poctu pacientil, aby bylo mozno definovat klinickou relevanci vySetieni a jeho skute¢ny ptinos

pro klinickou praxi (Snoj et al. 2020).
2.3.7. Umél4 inteligence

Uméld inteligence je védecky obor, ktery se zabyva vytvorenim inteligentnich stroju, které jsou
schopny interpretovat a ucit se z externich dat. Podoborem artificial inteligence (Al) je strojové
uceni (machine learning; ML), jez se zabyva algoritmy umoZilujicimi pocitacovému systému
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ucit se. Tohoto se vyuziva naptiklad v rozpoznavani obrazii. V souCasnosti probihaji studie
zkoumajici moznosti vyuziti Al v hodnoceni svalovych onemocnéni (Duchennova svalova
dystrofie), diagnostice kycelni dysplazie, hodnoceni synovitidy nebo stavu chrupavky, c¢i
lokalizace perifernich nervli. Souc¢asné poznatky ve vyzkumu Al naznacuji, Ze by se mohla stat

diagnostickym pomocnikem pii vySetfeni svalt, Slach, kloubi, kosti a vazt (Shin et al. 2021).

Krom¢ vySe popsanych existuji i dals$i dynamické vySetfovaci metody, které se vyuzivaji
v evaluaci pohybového aparatu. Jedna se napiiklad o 3D Kinematickou analyzu, stabilometrii,
polyEMG, Moire, Pedoscan a dalsi. Tyto metody nebyly pfedmétem této disertacni praci, proto

zde nebudou popisovany.
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3. PRISTROJOVA OBJEKTIVIZACE POSTURALNICH FUNKCI
3.1. Objektivizace posturalnich funkci

V klinické praxi i ve védeckych studiich je potfeba vysettit, ohodnotit a zaznamenat informace
z klinického vysetfeni které hodnoti posturu, coz je pojem sam o sob¢ obtizn¢ definovatelny a
tim obtiznéj 1 objektivné hodnotitelny. Za timto ucelem vznikla fada diagnostickych testa,
metod, archi a $kal nebo pfistrojovych vysetfovacich metod, které si kladou za cil hodnotit
nebo srovnavat aktudlni posturalni stabilizaci pacienta nebo efektivitu riznych typi tréninku ¢i
intervenci na posturu. V klinické praxi se posturalni funkce nebo nasledky jeji dysfunkce
hodnoti nejcastéji klinickymi testy, hodnocenim bolesti a dotaznikovymi metodami, ve
vyzkumu se pro objektivizaci trupové stabilizace a nitrobti$niho tlaku vyuzivaji také ptistrojové

méftici metody.

3.1.1. Klinické testy

Zlatym standardem hodnoceni pohybového systému je klinické vysetieni (Elgueta-Cancino et
al. 2014). Spociva v pohmatovém (palpaénim) hodnoceni tuhosti mékkych tkani, provadéni
specifickych testl, které vyvolavaji bolest ¢i jiné nepfijemné pocity, pohmatu pohyblivosti
v jednotlivych kloubech, hodnoceni svalového tonu a vizualnim hodnoceni struktur, zdkladnich
pohybti a postury lidského téla (Kobesova et al. 2020; Shamsi et al. 2015). Ptiklady klinickych
testli hodnotici trupovou stabilizaci, které se vyuzivaji v klinické praxi, jsou Trunk impairment
scale (TIS), coz je soubor testli, ktery hodnoti hybnost trupu u pacientii po cévni mozkové
ptihodé a Berg balance scale, coz je soubor testl, které maji za cil urcit, zda je pacient schopen

udrzet statickou a dynamickou rovnovahu (Yoon et al. 2020).

Rozliéné rehabilitacni koncepty vyuzivaji funkéni diagnostiku ke zhodnoceni pacientovy
postury a hybnych vzort jako zaklad pro naslednou terapeutickou intervenci. Koncept
Mechanické diagnostiky a terapie (MDT) vyuzivé vlastni formulare k posturdlnimu vySetteni.
Tento koncept zaznamenal pfijatelnou inter-rater reliabilitu (Garcia et al. 2018). DalSim
pristupem je vySetfeni dle Jandy, které piedstavuje algoritmy k systematickému vysSetieni
postury, rovnovahy a chtize, pohybovych vzorcii a svalové délky (Page et al. 2010). Tento
koncept vSak neposkytuje standardizovany skorovaci systém, ktery by slouzil k archivaci a
sledovani zmén v jednotlivych doménéach. Tato metoda nemé stanovenou inter a intra-rater
reliabilitu. Functional Movement Screen hodnoti zakladni pohybové stereotypy jak

kvalitativné, tak kvantitativné pomoci skorovacich archii. Tato metoda ma piijatelnou interrater
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reliabilitu pro klasifikaci pacientii s bolestmi zad do hlavnich dvou subkategorii, pokud
hodnotici terapeut slozil zkouSku v hodnoceni dle metodiky Functional Moevment Screen.
V ptipadé, ze hodnoceni provadi terapeut bez prislusné zkousky v dané metode¢, reliabilita neni
dostatecna (Garcia et al. 2018). Dle vysledného skore mohou byt identifikovani rizikovi jedinci
a nasledné¢ urcen dalsi tréninkovy program k zlepSeni jejich vykonu. Dynamicka
neuromuskuldrni stabilizace je diagnosticko-terapeuticky koncept zalozeny na principech
vyvojové kineziologie. Kobesova et al. publikovali vysettujici protokol s hodnoticim archem
v jedenacti vyvojovych polohach, které vysvétluji pozadovanou kvalitu posturalné-
lokomoc¢niho vzorce z perspektivy vyvojové kineziologie (Kobesova et al. 2020). Kazda
metoda slouzici k analyze kvality posturalni stability by méla vyuzivat testovani ve funk¢nich
pozicich. Pokud je naptiklad sval vyuzivan hlavné v uzavieném kinematickém fetézci, mél by
byt testovan v polohach a pohybech vyuZzivajicich uzavieny fetézec. Pokud je sval pouzivan
hlavné excentricky, mél by byt vySetfovan testem, ve kterém je sval timto zplisobem zapojeny.
Pfi testovani trupové stabilizace je potieba hodnotit praci vice svalt ¢i svalovych skupin jako
komplexniho celku. Toho lze hodnotit evaluaci specifickych pohybovych vzorcti a hodnocenim
kvality pohybu. Tento zplsob analyzy je velice téZko kvantifikovatelny, ale vice odpovida
funkeci trupové stabilizace v trojrozmérném prostoru. Ptiklady téchto testl jsou stoj ¢i dfep na

jedné noze (Kibler et al. 20006).

3.1.2. Hodnoceni bolesti

Dalsi soucasti vySetfeni je hodnoceni bolesti, které neanalyzuje pfimo vlastni posturalni funkce,
ale spiSe nasledek nedostate¢nych posturalnich funkci, coz vede k rozvoji bolesti, ktera je
pfedmétem hodnoceni. Do této skupiny patii naptiklad vizudlni analogovéa Skéala (VAS),
numerickd hodnotici skdla (NRS), Pain severity subscale of Brief Pain Inventory (BPI-PS) nebo
McGilltiv dotaznik bolesti. Numericka Skala, VAS a BPI-PS jsou uzite¢né metody jak pro
veédecké, tak pro klinické potreby hodnoceni bolesti. Tyto metody neptinaseji skoro Zadnou
zatéz ani zdravotnickym pracovnikiim ani pacientim (Chiarotto et al. 2019), neinformuji ale
zadym zplsobem o kvalité postury ani o tom, zda je abnromalni postura pfi¢inou ¢i nasledkem
bolesti. Lze je tedy povazovat za doplikova vySetfeni, nikoliv vSak za zplisob hodnoceni

postury.

3.1.2.1. Vizualni analogova $kala

Vizuéln¢ analogova Skala (VAS) je samohodnotici Skala, ktera se skladda ze sto
milimetrové horizontalni useCky, kterd je ohranic¢ena pti krajnich bodech dvéma verbalnimi
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deskriptory bolesti (naptiklad: Zadna bolest a nejhorsi bolest, jakou jste kdy zazili). Pacient ma

na usecce oznacit misto, které nejlépe vystihuje jeho bolest (Chiarotto et al. 2019).

3.1.2.2. Numericka hodnotici Skala

Numericka hodnotici skéla je numericka obdoba VAS, na nizZ pacient mé vybrat jedno ¢islo
(nejcastéji jedenactibodova Skala od 0 do 10), které nejlépe vystihuje pacientovu bolest
(Chiarotto et al. 2019). Oproti vySe zminéné Skale je jeji vyuziti s vyhodou vyuzivano pfi

telefonickych konzultacich s pacientem.

3.1.2.3. Pain severity subscale of Brief Pain Inventory

BPI-PS se sklada ze ctyt jedenactibodovych NRS. Dvé NRS se dotazuji na pacientovu
nejintenzivnéj$i a nejméné intenzivni bolest za poslednich 24 hodin. Dalsi dvé NRS hodnoti

pocit vnimané bolesti v dany okamzik a bolest "prave ted" (Chiarotto et al. 2019).

3.1.3. Dotaznikové hodnotici metody

Tretim typem nepiimého hodnoceni postury jsou dotaznikové metody, naptiklad Oswestry
disability questionaire, které se pouzivaji k hodnoceni omezeni fyzickych funkci pacienta ve
vztahu k bolestem v kiizové krajin€. Podobné jako u ptedchozi skupiny, u niZ se hodnotila
bolest, také zde se nejedna o ptimé hodnoceni posturalnich funkeci, ale spiSe o méfeni nasledku
jejich Spatné funkce — disability. Tento dotaznik je samohodnotici pomiickou, jejiz vysledek je
subjektivni procentudlni skore, které ukazuje na schopnost pacienta zvladat aktivity bézného

zivota (Fairbank a Pynsent 2000).

3.1.4. Pristrojové hodnoceni

Ctvrtou moznosti je hodnoceni kvality trupové stabilizace pomoci piistrojii, napiiklad pomoci
povrchové polyelektromyografie, pomoci pfistroje Pressure biofeedback unit nebo
ultrazvukem, ktery dokazou hodnotit jak pohyb branice, tak objektivné méfit tlouStku
vySettovanych svalt. Z vysledkil systematického piehledu vyplyva, ze ultrasonografie je
efektivnéj$i nez samohodnotici Skéaly bolesti v identifikaci statistickych rozdili mezi

experimentalni a kontrolni skupinou u pacientt s bolestmi dolni ¢asti zad (Chang et al. 2015).
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3.1.4.1. Evaluace nitrobfisniho tlaku

Nitrobfisni tlak je hydraulicky tlak v bfiSni duting, ktery ovliviiuje posturalni stabilizaci (W
Hodges et al. 2005). Metody stanoveni nitrobiisniho tlaku se v bézné rehabilitacni praxi pro
jejich invazivitu nepouzivaji, vyuziti nachézeji spise v intenzivni medicin€ pfi diagnostice a

monitoraci nitrobfi$ni hypertenze.

Moznosti méteni IAP jsou:

3.1.4.1.1. Transperitonealni méfeni nitrobtisniho tlaku

Tato pfima metoda méfeni IAP spociva v laparoskopickém zavedeni tlakového ¢idla piimo do
btisni dutiny. Jedna se o nejpresnéjs$i metodu, ale zaroven o nejinvazivnéjsi. V praxi se vyuziva

pro zhodnoceni nitrobfi$ni hypertenze v intenzivni medicing (Correa-Martin et al. 2013).

3.1.4.1.2. Intrakavalni méfeni nitrobfi$niho tlaku

4

Dalsi pfima metoda spocivajici v zavedeni tlakového katetru do dolni duté Zily. Tato metoda
umoziuje kontinualni monitoraci IAP, jejimi nevyhodami jsou riziko infekce, krvaceni a
trombdzy. Pro invazivitu této metody se vyuzivéa pouze v intenzivni medicin¢ (Malbrain et al.

2013).

3.1.4.1.3. Intravezikalni méfeni nitrobfi$niho tlaku

Tato metoda spociva v zavedeni ¢idla do mocového méchyie, na ktery je prevadén IAP. Tato
metoda je nepiimd a je zlatym standardem pii monitorovani nitrobfiSniho kompartment
syndromu a pro diagnostiku nitrobfiSni hypertenze (Malbrain et al. 2013). Pro mozné
komplikace jako je zavleceni infekce €1 poranéni mocové trubice se ale v rehabilitacni praxi

také nepouziva.

3.1.4.1.4. Intravaginalni méteni nitrobtiSniho tlaku

Pti této metodé je tlakové ¢idlo zavedeno do pochvy. Pti vyuziti bezdratovych senzori mohou
byt touto metodou méfeny kazdodenni aktivity. Nevyhodou této metody je moZnost vyuziti

pouze u Zen (Shaw et al. 2014).
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3.1.4.1.5. Intrarektalni méfeni nitrobfis$niho tlaku

Dalsim moznosti nepifimé registrace IAP je zavedenim tlakové sondy do konecniku.
Kontraindikace k tomuto vySetfeni jsou krvaceni z dolni ¢asti traviciho ustroji a prajem.

Nevyhodou této metody je to, Ze pro pacienty neni piijemna (Malbrain 2006).

3.1.4.1.6. Intragastrické mefeni nitrobfi$niho tlaku

Posledni formou nepiimé detekce IAP je intragastrické meétfeni. Sonda je zaveden bud'to
nazo/orogastrickou sondou nebo cestou gastrostomie do zaludku. Tento zplisob méfeni se
v bézné praxi nepouziva z n¢kolika diivodi: pacienti shledavaji tento zptisob méteni jako velice
nepiijemny, je draz§i v porovnani s intravezikdlnim méfenim a je ovlivnén zalude¢nimi stahy,

které se objevuji kazdych 90 minut a trvaji asi 2 minuty (Sugrue et al. 1994).

3.1.4.2. Evaluace aktivity trupového svalstva

Hodnoceni aktivity svalll 1ze provadét bud’ pfimo méfenim jejich aktivity pomoci EMG nebo
zménou jejich tlouStky pomoci UZ, nebo nepiimo pomoci registrace zmény fyzikalnich veli¢in

(povrchového napéti, sily nebo tlaku) na povrchu biisni stény.

3.1.4.2.1. Elektromyografie

Elektromyografie (EMG) je metoda, kterd se pouziva k hodnoceni aktivity svalll. Lze vyuzit
bud’ povrchovou EMG (neinvazivni) nebo jehlovou EMG (invazivni). Nevyhodou této metody
je, Ze hodnoti aktivitu svalll pouze lokalné¢ a nezohledniuje celkovou koordinaci trupovych svali.
Vyuziti EMG za ti¢elem hodnoceni aktivity trupovych svalt je spiSe vyuZzivano ve védecké nez

v klinické praxi (De Luca et al. 2006).

3.1.4.2.2. Ultrasonografie

Ultrasonograficky je mozné hodnotit svalovou aktivitu méfenim tlouStky svalu. Tato metoda
je levna, neinvazivni, ale jeji spolehlivost zavisi na zkuSenostech vySetiujiciho.
Ultrasonografické zobrazeni vyuzivajici M-modu se vyuziva k méfeni pohybu branice pfi
dychéani. Vysetfeni B-modem se vyuzivd k méfeni Sifky musculus transversus abdominis,
musculus obliqus internus abdominis a musculus obliquus externus abdominis (Yoon et al.
2020). Nevyhodou ultrasonografického hodnoceni aktivity bfiSnich svala je skute¢nost, ze
hodnoceni svalové aktivity je podobné jako u EMG spiSe lokalni a Ze je obtizné vySetfeni

provadét v béznych dennich ¢innostech. Provadi se nejcasteji v polohach, v nichZ pacient lezi
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na vySetfovacim lehatku, popt. v jinych nenaro¢nych posturdlnich situacich (Hodges et al.

2003).

3.1.4.2.3. Dynamometrie

Dynamometrie ptredstavuje dalsi neinvazivni metodu, kterd méfti silu bfi$ni stény vytvorenou
trupovymi svaly. Senzory jsou k biiSni st€éné probanda pfipevnény nastavitelnymi popruhy.
Me¢feni lze provést jak béhem statické, tak béhem dynamické aktivity. Vyhodou této metody je
to, Ze hodnoti aktivitu trupového svalstva jako celku, ne pouze jednotlivych svali (Malatova et

al. 2007). Nevyhodou této metody je omezena dostupnost piistroje, ktery neni sériove vyrabény,

Obrazek 2. Dynamometr (Maléatova et al. 2007) a jeho upevnéni na trup.

25



3.1.4.2.4. Tenzometrie

Tenzometrie je dal$i neinvazivni metodou méfeni aktivace trupovych svali. Méfi povrchové

napéti bfisni stény, které se meéni pfi zméné nitrobiisSniho tlaku (van Ramshorst et al. 2011).

3.1.4.2.5. Pressure biofeedback unit

Pressure biofeedback unit je pfistroj, ktery obsahuje tlakovy snima¢ a dokaze méfit zménu
tlaku. Nevyhodou této metody je to, Ze dokéze registrovat tlak pouze v urcitych pozicich (vleze
na bfise nebo na zadech), neda se tedy vyuzit pfi testovani béznych dennich ¢innosti ¢i ve svislé

pozici, napiiklad ve stoji a pfi chiizi, pfi niZ je zatiZzeni patete jiné nez vleze (Cha et al. 2017).

3.1.4.2.6. OhmTrak sensor (obrazek 3)

W

OhmTrak sensor je pomtcka skladajici se z jednoho nebo dvou kapacitnich senzortt méticich

tlak. Senzory jsou pfipevnény na bfi$ni sténu pomoci paskli a mohou registrovat silu pti dychéani

Obrazek 3. OhmTrak (dfive nazyvany OhmBelt) senuzor (vlevo) a jeho umisténi na trupu

(vpravo) (Tyburcova M, 2022)

3.1.4.2.7. DNS Brace

DNS Brace je trupova ortéza se Ctyfmi tlakovymi senzory, které¢ pracuji na mechanicko-
pneumaticko-elektronickém principu viz obrazek 4. Senzory jsou umistény oboustranné nad
tfiselnym vazem a oboustranné v trigonum lumbale inferius. Senzory se skladaji ze vzduchové

komory, ktera registruje zménu v tlaku pii deformaci senzoru, ktery je zpisobeny vnéjSim
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tlakem bfisni stény. Komora je spojena silikonovou hadi¢kou s digitalnim tlakovym senzorem.

rrrrr

mobilniho telefonu nebo pocitate (Jacisko et al. 2021). Z danych hodnot lze nasledné

v progrmu Excel vytvofit graf tlaku, ktery vytvaii bfi$ni sténa v €ase viz obrazek 5.

Obrazek 4. DNS Brace: A. Pohled na ortézu zeptedu; B. Pohled na ortézu zezhora, f - dva

pfedni senzory, b - dva zadni senzory; C. Umisténi ortézy na pacienta. (Jacisko et al. 2021)

Test dechového stereotypu

15
10
5
0
1 4 7 10 13 16 19 22
cas (s)

s [ evy piedni senzor Levy zadni senzor

= Pravy zadni senzor == Pravy piedni senzor

Obrazek 5. vysledny graf testu dechového stereotypu v programu Excel z namétenych hodnot

pomoci DNS Brace. (Stiibrny M, 2020)
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4. EXPERIMENTALNI CAST

Vramci vyzkumné praci je prezentovano 12 c¢lankti publikovanych v recenzovanych
védeckych Casopisech (viz pfilohy 1 - 12). Déle jsou zde prezentovany vysledky, které byly
publikovany jako obsah diplomovych praci, které vedl ¢i oponoval autor této disertacni prace.
V nasledujicich kapitolach jsou stru¢né uvedeny cile, hypotézy, metodika, vysledky a diskuse
souhrnné pro vSechny clanky, které jsou podkladem této disertacni prace. Detailni popis
metodiky, vysledkli a podrobnd diskuze k jednotlivym konkrétnim studiim jsou uvedeny
v ptilohdch disertaéni prace formou kopii publikovanych praci. U studii, které byly
publikovany jako obsah diplomovych praci je popis metodiky a vysledka rozsahlejsi, protoze

diplomové prace nejsou soucasti ptiloh této disertacni préce.
4.1 Uvod

Na zakladé literarni reSerSe se disertacni prace zamétuje na nasledujici vyzkumné cile.

4.1.1. Dynamické vySeti‘eni pohybového systému pomoci ultrasonografie

Vzhledem k tomu, Ze pfi reSersi této doktorské prace nebyly nalezeny jednotné vysetiovaci
postupy k ultrazvukovému dynamickému vysetieni kloubi lidského téla, bylo cilem této prace
vytvofit ucelené dynamické vySetiovaci protokoly kloubil jak horni, tak dolni koncetiny, které
zatim v literatufe nejsou dostupné. Dal§im cilem bylo vytvoteni reSerSnich ¢lanki popisujicich
nejcastéjsi intervence pod UZ kontrolou a nésledné vytvoreni origindlnich vzdélavacich
materiall pro zac¢atecniky v muskuloskeletalni ultrasonografii s cilem zkratit vyukovou kiivku,

a umoznit tak roz$iteni muskuloskeletalni ultrasonografie do rutinni praxe rehabilitatnich

pracovnikd.

4.1.2. Objektivizace posturalnich funkci

V soucasné literatufe neni zminka o korelaci klinického hodnoceni testll posturalni stability
s objektivné métenou trupovou stabilizaci. Hlavnim cilem experimentalni Casti této doktorskeé
prace bylo ovérit, jestli klinické testy posturdlni stabilizace koreluji s objektivné méfenym
tlakem, kterym biis$ni sténa plisobi na tlakové senzory. Korelace byla nejprve testovana na
zdravych probandech. V tomto kroku bylo hodnoceno pét klinickych testii. Dal$im cilem prace
bylo stanoveni inter-rater reliability klinického hodnoceni jednotlivych testi. Testy s nejsilnéjsi

korelaci byly nasledné pouzity ke korelaci mezi klinickym hodnocenim aktivace bfisni stény
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zkuSenymi terapeuty a objektivnim piistrojovym vySetienim schopnosti vytvofit tlak bfiSni
sténou proti tlakovym senzoriim u pacientt s bolesti dolni ¢asti zad (low back pain). U téchto
pacientii byl dale testovan vztah mezi schopnosti vytvoreni tlaku bfisni st€énou a Oswestry
disability index (ODI) skore. V nasledujici ¢asti projektu byla porovnavana schopnost btisni
stény vytvofit tlak u pacienti s LBP pted a po Sestitydenni fyzioterapii. Dalsi ¢ast vyzkumného
projektu si kladla za cil ovéfit, zda existuje korelace mezi tlakem tvofenym bfiSni sténou a

nitrobfiSnim tlakem métenym anorektalni sondou.
4.2. Cile a hypotézy

4.2.1. Dynamické vySeti‘eni pohybového systému pomoci ultrasonografie

1. Dynamické vySettovaci protokoly (podrobnéji viz ptiloha 7,8 a 11).

Cilem bylo podilet se na revizi a tvorbé dynamickych vysetfovacich protokold velkych kloubti
formou c¢lanka charakteru videogalerie ve spolupraci s odborniky mezinarodni pracovni
skupiny ,,EURO-MUSCULUS: European Musculoskeletal Ultrasound Study Group a USPRM:
Ultrasound Study Group of ISPRM (International Society of Physical and Rehabilitation
Medicine)“.

2. Intervence pod ultrazvukovou kontrolou (podrobnéji viz ptiloha 3 a 5).

Cilem bylo vypracovat literarni review tykajici se Castych intervencich v muskuloskeletalni
ultrasonografii. Konkrétné se jedna o intervence v oblasti lokte (tenisovy loket, golfovy loket,
distalni Slacha musculus biceps brachii, patologie ulnarniho nervu atd.) a zapésti (morbus de

Quervin, lupavy prst, syndrom karpélniho tunelu, atd.).

3. Edukac¢ni materialy pro zacateCniky pracujici s muskuloskeletadlnim ultrazvukem (podrobnéji

viz ptiloha 9 a 10).

Cilem bylo vypracovat eduka¢ni materialy formou ¢lanku charakteru videogalerie skladajici se
z originalnich audiovizualnich materialii pro zacatecniky v muskuloskelatlni ultrasonografii.
Jednou z nevyhod ultrazvukového vySetfeni je pomérné dlouha ucebni kiivka. Na tento

nedostatek se zaméiuje cil této prace ve snaze urychlit ucebni kiivku.

4. Cilem bylo formou kazuistiky ¢i dopisu redakci publikovat edukativni ptipady, kde UZ

predstavoval zasadni roli pfi diagnostickém procesu a nasledné terapeutické rozvaze. Dale
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upozornit na nepiesnosti v publikované literatuie formou dopisu editorovi (podrobnéji viz

ptiloha 1 a 4).
4.2.2. Objektivizace posturalnich funkei
1. Korelace klinického hodnoceni testli posturdlni stabilizace s objektivné monitorovanym

tlakem, ktery vytvaii biisni sténa u zdravych probanda (podrobnéji viz ptiloha 2).

Hypotéza: klinické hodnoceni testli posturalni stabilizace koreluje s tlakem, ktery vytvaii biisni
sténa u zdravych probandd. Tato prace si také klade za cil zhodnotit inter-rater reliabilitu pii

hodnoceni klinickych posturdlnich testa.
2. Korelace IAP s tlakem bfisni stény (podrobnéji viz ptiloha 6).

Tato studie si kladla za cil ovéfit, zda existuje vztah mezi nitrobfiSnim tlakem métenym

anorektalni sondou a objektivné métenym tlakem, ktery vytvari biisni sténa.

Hypotéza: nitrobiisni tlak méfeny anorektalni sondou koreluje s tlakem, ktery vytvari biisni

sténa.

3. Korelace klinického hodnoceni testii posturalni stabilizace s tlakem, ktery vytvari bii$ni sténa

u pacient s LBP.

Cilem této prace bylo navazat na studii 4.2.2.1 a ovéfit korelaci u pacientd s LBP. Dals$im cilem
bylo zjistit, zda subjektivni symptomy pocitované pacientem (hodnoceny pomoci dotazniku)
koreluji se schopnosti expanze biiSni stény hodnocené pomoci DNS Brace a funkcnich

posturalnich testi.

Hypotéza 1: klinické hodnoceni testl posturalni stabilizace koreluje s tlakem, ktery produkuje

bfisni st€na u pacientl s LBP (podrobnéji viz Krausova E, 2023).

Hypotéza 2: bude zjiSténa korelace mezi schopnosti expanze bfisni st€ény a mirnou obtizi
pacientll hodnocenych pomoci dotaznikii. Cim vyraznéjSi ma pacient obtize, tim mensi ma

schopnost expandovat bfisni sténu.

4. Zména schopnosti expanze bfiSni stény pied a po terapii
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Nasledujici projekt si kladl za cil porovnat schopnost expanze bfisni stény u pacientti s LBP
pred a po Sestitydenni fyzioterapii. Polovina probandi cvicila v domaci autoterapii
s biofeedback piistrojem OhmTrak (OT), druhé polovina bez této pomticky. Cilem bylo zjistit,
zda probandi cvicici s OT dosahnou signifikantné vyssich hodnot expanze biisni st€ény métenou

pomoci ptistroje DNS Brace pfi testu brani¢niho dychani.

Hypotéza: schopnost expanze biisni stény bude signifikantné vyssi u skupiny pacientt, kteti
v autoterapii cvici s biofeedback piistrojem OT. ODI skore se po terapii snizi (podrobnéji viz

Tyburcova M, 2022).

5. Poslednim cilem bylo formou reSerSni prace zmapovat mozné zpusoby objektivizace

posturalnich funkci a trupové stabilizace.

Spole¢nym cilem vSech praci bylo popsat diagnosticko-terapeutické vyuziti dynamickych

vySetfovacich metod u pacientd s patologiemi pohybového aparatu (Podrobnéji viz ptiloha 12).

4.3. Metodika

4.3.1. Dynamické vySeti‘eni pohybového systému pomoci ultrasonografie

1. Byla provedena revize a aktualizace stavajicich vySettovacich protokoli velkych kloubt se
zaméfenim na relevantni problematiku patologii vyskytujicich se v ordinacich I¢kate
rehabilitaéni a fyzikalni mediciny. Protokoly vznikaly jako konsenzus mezinarodnich experti
z pracovni skupiny EURO-MUSCULUS: European Musculoskeletal Ultrasound Study Group
a USPRM: Ultrasound Study Group of ISPRM (International Society of Physical and
Rehabilitation Medicine) (podrobnéji viz ptiloha 7,8 a 11).

2. V ramci reSersni ¢asti prace doslo k revizi dostupné literatury, revize anatomickych pomért
a diskusi existujicich moznosti a evidence jednotlivych interven¢nich zakroku. (Podrobnéji viz

ptiloha 3 a 5).

3. Byla provedena reserse literatury a na zaklad¢ konsenzu odbornikl sestavena videogalerie

mnemotechnickych pomtcek (podrobnéji viz piiloha 9 a 10).
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4. Formou kazuistického sdéleni byl demonstrovan piinos UZ vysetieni v klinické prxi. Formou

dopisu redakci upozornit na pfitomnost nepfesnosti v literatute (podrobnéji viz ptiloha 1 a 4).

4.3.2. Objektivizace posturalnich funkei

1. Celkem pét posturalnich test bylo hodnoceno subjektivné dvéma zkusenymi terapeuty, tyto
hodnoty byly korelovany s objektivné méfenym tlakem, ktery dutina biisni dokaze vytvorit
proti tlakovym senzortim umisténym na trupové ortéze DNS Brace. Celkem bylo hodnoceno
25 zdravych probandi. Interrater reliabilita byla vypocitdna za uziti interclass correltaion
coefficients (ICC). Pro hodnoceni korelace byl pouzit Spearmantv koeficient (podrobnéji viz

ptiloha 2).

2. Vtéto observacni studii bylo hodnoceno 31 symptomatickych probandi. Probandi
podstoupili simultdnni hodnoceni nitrobfisniho tlaku pomoci anorektalni manometrie a méfeni
tlaku bfi$ni stény pomoci DNS Brace. Probandi byli hodnoceni v péti odlisnych pozicich -
klidové dychani, Valsalviiv manévr, Miilleriv manévr, instruované dychani, dychéani pii drzeni

bfemene (podrobnéji viz ptiloha 6).

3. Celkem 37 probandii podstoupilo méfeni aktivace bfisni st€ény pomoci ptistroje DNS Brace
a subjektivni hodnoceni testil posturalni stabilizace fyzioterapeutem. Jeden proband musel byt
ze souboru vyfazen pro piili§ maly obvod pasu, pro ktery neSel zméfit tlak bfisni st€ény pomoci
DNS Brace. Vysledny soubor zahrnoval 14 muzi a 22 Zen ve vékovém rozmezi 23-75 let
(prameér 41,2 let, SD£16,9), dalsi demografické udaje: vySka 173 cm (SD=8,2), vdha 73,7 kg
(SD+£12,7) a BMI 24,4 (SD=£3,2). Klinické hodnoceni provadél certifikovany terapeut
Dynamické neuromuskuldrni stabilizace (DNS), ktery vySetfoval 3 testy posturalni stabilizace
dle DNS protokolu (Kobesova et al. 2020) v tomto potadi: branicni dychéani, branicni test a test
flexe v kycelnim kloubu. Do hodnoceni byla zahrnuta jak kvalita, tak kvantita provedeni
daného testu. Vysledky kazdého testu byly zaznamenany do vizudln&-analogové Skéaly na
usecce o délce 10 cm, kdy 0 oznacovala Zadnou aktivaci a 10 zcela optimalni aktivaci. Polovina
probandl byla nejprve vySetiena piistrojem DNS Brace a nésledné fyzioterapeutem, u druhé
poloviny probandli tomu bylo naopak. Provedeni jednotlivych testli bylo stejné jako ve studii

1. (podrobnéji viz Krausova E, 2023).

4. Jednalo se o prospektivni klinickou studii, do které bylo zatazeno 20 pacientt s chronic low
back pain. Probandi (n=20) podstoupili Sestitydenni ambulantni rehabilitaci 1x tydné pod

vedenim fyzioterapeuta. Probandi byli ndhodné rozdéleni do 2 skupin. Deset pacientl
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zatfazenych do experimentalni skupiny absolvovalo Sestitydenni ambulantni rehabilitaaci 1x
tydné pod vedenim fyzioterapeuta a byli edukovani k autoterapii s pfistrojem OT, kterou
provadéli alespon 5x tydné 15 minut. Kontrolni skupina provadéla autoterapii bez piistroje OT.
Probandi byli zméieni pfed zaCatkem a na konci terapie. Schopnost expanze bfis$ni stény byla
hodnocena pomoci pfistroje DNS Brace, dale byla provedena autoevaluace subjektivnich obtizi

pomoci dotazniku Oswestry Disability Index (ODI) (podrobnéji viz Tyburcova M, 2022).

5. V ramci resSerSni prace doslo k revizi dostupné literatury, diskusi existujicich moznosti a

evidence jednotlivych metod objektivizace trupové stabilizace (podrobnéji viz ptiloha 12).

33



4.4. Vysledky

4.4.1. Dynamické vySetieni pohybového systému pomoci ultrasonografie

1. Byly vytvofeny vySetfovaci protokoly, spolu s doprovodnou videogalerii vySetfovacich
postupt pro lepsi porozuméni vySetfovacim technikdm a moznym patologiim. Videogalerie je
volné dostupna z webového rozhrani casopisu

(https://journals.lww.com/ajpmr/Fulltext/2022/09000/EURO_MUSCULUS USPRM_Dynam

ic_Ultrasound Protocols.12.aspx) American Journal of Physical Medicine and Rebabilitation

(Mezian et al. 2022b; 2022a; Pirri et al. 2023) (podrobnéji viz ptiloha 7,8 a 11).

2. Byly publikovany dva reSersni clanky zamétujici se na intervencni procedury v oblasti lokte

a zapéesti (Mezian et al. 2021b; 2021a) (podrobnéji viz ptiloha 3 a 5).

3. Byly publikovany dva clanky, prvni se zaméfuje na mnemotechnické pomicky pfii
vySettovani fyziologickych funkci pohybovéo systému. Druhy se zamétuje na diagnostiku
patologickych stavil. Tyto videogalerie mnemotechnickych pomicek viz obrazek 6 potencuji
zapamatovani struktur na podkladé multisenzorického vstupu do paméti (vizualni, audio,

emoc¢ni pamét’ a priming) (Jacisko et al. 2022; 2023) (Podrobnéji viz ptiloha 9 a 10).

rotator cuff

humerus

Obrazek 6. Piklad mnemotechnické pomucky - rotatorva manzeta ptipodobnéna k pneumatice

(Jacisko et al. 2022)

4. Byl publikovan ¢lanek formou kazuistiky komentujici diilezitost UZ vySetieni pfi syndromu
kubitalniho kandlu. Déle byl publikovan ¢lanek upozoriiujici na moznou zdmeénu piedniho
zktizeného vazu za ligamentum mucosum formou dopisu redakci (Jacisko et al. 2020; Jacisko

et al. 2021) (podrobné;ji viz filoha 1 a 4).

4.4.2. Objektivizace posturalnich funkci
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1. Korelace hodnot tlaku bfisni stény a palpa¢niho hodnoceni obou DNS instruktort byla u ¢tyt
z péti posturalnich testli identifikovana jako statisticky vyznamna (p < 0,24). Pearsonovy
korelacni koeficienty znaci silnou korelaci u brani¢niho testu u obou DNS instruktort (r = 0,661
a 0,75) a testu nitrobfisniho tlaku u DNS instruktora ¢. 2 (r = 0,672). Stfedni korelace se u
palpace vyskytovala ve vSech ostatnich posturdlnich testech (r = 0,415 az 0,567). Nejlepsi
reliabilita mezi DNS instruktory byla zaznamenan u testu nitrobii$niho tlaku (Jacisko et al.

2021, Stiibrny 2020) (kompletni vysledky viz ptiloha 2).

2. Silné korelace mezi expanzi btisni stény mefené pomoci DNS Brace a nitrobfisnim tlakem
meéfenym pomoci anorektdlni manometrie byla zjisténa u vSech hodnocenych testii. Klidové
dychani (r=0.735, 12 =0.541, p < 0.001), Valsalviiv manévr (r = 0.836, r2 = 0.699, p < 0.001),
Miilleriiv manévr (r = 0.651, 12 =0.423, p <0.001), instruované dychani (r = 0.708, 12 = 0.501,
p <0.001) a dychdni drzenim bifemene (r = 0.921, r2 = 0.848, p < 0.001) (Novak et al. 2021)
(kompletni vysledky viz ptiloha 6).

3. Byla prokdzana signifikantni stfedné silnd az silnd korelace (r=0,479) mezi klinickym
hodnocenim a hodnotami DNS Brace u brani¢niho testu. Naopak u testu dechového stereotypu
a testu flexe v ky¢elnim kloubu se hodnoty r blizi k nule (r=0,027, r=0,091) - korelace je tedy
velmi slabd az nulova, navic neni ani statisticky vyznamnd. Nebyla prokazéna signifikantni
korelace mezi hodnotami ODI a DNS Brace, ani mezi hodnocenim DNS instruktora a ODI

v zadném ze tii testd (Krausova E, 2023). Kompletni vysledky v tabulce ¢islo 1.

Correlation Matrix

test 1 test 2 test 3 VAS1 VAS2 VAS3
test 1 Spearman's rho —
p-value —
test 2 Spearman's rho 0.233 —
p-value 0.171 —
test 3 Spearman'stho  0.278  0.176 —
p-value 0.101  0.306 —

VAS1 Spearman's rho 0.027 0279 0.144 —
p-value 0.876  0.100 0.404 —

VAS2  Spearman'stho  0.071  0479%% 0,174 0.752 #** —
p-value 0.679  0.003 0.309 <.001 —

VAS3  Spearman'stho  0.045  0.353%* 0.091 0.624#*%*  (.808 *** —
p-value 0.795  0.035 0.598 <.001 <.001 —

Pozndmka. * p < .05, ** p< .01, *** p < .001
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Tabulka 1. Korelace mezi métenim DNS Brace a DNS instruktora (The jamovi project (2022),
R Core Team (2021)) (Krausova E, 2023) test 1: test dechového stereotypu, test 2: branicni test,
test 3: test flexe v kycelnim kloubu. VAS 1: hodnoceni terapeutem test dechového stereotypu,
VAS 2: hodnoceni terapeutem brénicni test, VAS 3 hodnoceni terapeutem testu flexe

v kyCelnim kloubu

4. Ackoliv doslo ke zlepseni expanze bfisni stény u obou skupin probandti s LBP, tato zména
nebyla identifikovéana jako statisticky signifikantni. Taktéz nebylo zaznamenéno signifikantni
zlepseni u experimentalni skupiny v porovnani se skupinou kontrolni. U skupiny
experimentalni doslo ke statisticky vyznamnému snizeni bolesti hodnocené pomoci ODI, u
skupiny kontrolni bylo zlepSeni na hranici statistické vyznamnosti (Tyburcova M, 2022).

Kompletni vysledky v tabulce 2.

Tabulka 4. Wsledky ANOVA pro porovnani v ramci skupin, [Prionérna hodnota
(Smérodatna odchylka)] zpriimérovanych hodnot ze senzorii

Pred 1. terapii Po 6 tydnech  Rozdil 95 % P-hodnota
M (SD) autoterapie praméra I
M (SD)

WVsechny senzory
Kontrolni 2275 (10,97) 3038(14.69)  -7.63 (-20.62:535) 233
Experimentdlni 16,75 (11,20) 23,35 (14.64) -6,60 (-19.58;6.38) 300
Piedni senzory

Kontrolni 17,17 (10,80) 19,18 (9,50)  -2,01  (-9,00; 4,98) 553

Experimentdlni  11,10(7,30) 10,81 (4,65) 285 (-6,71;7.28) 933
Zadni senzory

Kontrolni 28,33 (18,63) 41,59(29.15) -1326 (-34,63;8,12) 209

Experimentdlni 22,39 (16,22) 35,88 (2931) -1348 (-7.90;34.86)  .202

Poznambky: Celkovy pocet probandi N = 20, kontrolni skupina n = 10, skupina s
OhmTrakem » = 10, M primérna hodnota, SD smérodatna odchylka

Tabulka 2. Hodnoty DNS Brace pied a po terapii. (Tyburcova M, 2022)

5. Byl publikovan reSerSni ¢lanek monitorujici moZné a v soucasné dob€ vyuZzivané zptisoby

monitorace nitrobfi$niho tlaku (Novak et al. 2022).
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4.5. Diskuze

Ultrazvukové vysetieni pohybového aparatu se v poslednich letech stava nedilnou soucasti
klinické i védecké praxe rehabilitacniho 1ékafe. Muskuloskeletalni ultrazvuk dokéze hodnotit
Sirokou Skalu patologii pohybového aparatu jako napiiklad zanétlivda onemocnéni,
degenerativni onemocnéni a sportovni poranéni mekkych tkani (Kara et al. 2020). Ultrazvukové
vysetfeni ma mnoho vyhod: je neinvazivni, neztéZuje pacienta radiaci, nema kontraindikace -
vySetfovany pacient mize mit v téle kovovy material nebo kardiostimuldtor, miize byt vyuzit
k vysetfeni ditéte i t¢hotné Zeny, zafizeni pro UZ vysetieni je pienosné, umoziuje stranovou
komparaci, moznost sonopalpace/sonotinelu (komprese sondou nad postizenym nervem), i
detekci vaskularizace, vySetieni neni ¢asové naro¢né (Ozgakar et al. 2015). Bylo prokazéno, Ze
ultrazvukové vysSetfeni v rehabilitatnim 1ékafstvi snizuje ¢ekaci dobu pacientl na zobrazovaci
metody, snizuje radiaéni zatéz a Set¥i naklady (Ozcakar et al. 2010). Ultrazvukové vysetieni
také zlepSuje palpacni schopnosti zdravotnikii (Woods et al. 2018) a je jednim z dalezitych
motivatord, pro¢ si studenti mediciny v USA vybiraji obor rehabilitace (Raja et al. 2022).
Ultrazvuk také poskytuje navigaci pro cilené intervence. V rehabilitacnim 1ékafstvi se tato
navigace vyuziva naptiklad k aplikaci botulotoxinu v 1é¢bé spasticity a nebo k intervencim do
kloubu, nebo mékotkanovych struktur (Kaymak et al. 2018). Tato disertacni prace umoznila
vytvofeni piehledovych c¢lanki tykajicich se intervenci v oblasti zapésti, lokte a ulnarniho
nervu, které nabizi Ctenafi orientaci v problematice ultrazvukem cilenych obsttikll a intervenci.
Ve vyctu vyhod je také tieba uvést, ze ultrazvuk umoziiuje dynamické vysetteni, tedy hodnoti
nejen strukturalni stav, ale také aktualni funkci vySetfované struktury, coz je v rehabilitacnim
lékatstvi velice diilezité (Ozgakar et al. 2015). Ackoliv se dynamické vySetteni ultrazvukem
v praxi bézné pouziva a existuji i publikace o jeho vyuziti pii diagnostice takovych stavi, jako
jsou lupavé kycle, svalova kyla, ¢i patologie perinealnich Slach atd. (Caldwell et al. 2023)
doposud nebyly popsany jednotné vySetfovaci protokoly pro jednotlivé klouby (Ricci et al.
2022). Protokoly byly vytvofeny v ramci této disertacni prace (viz piilohy 7, 8 a 11). Unikatni
vlastnosti publikovanych téchto protokolli je to, Ze pro lep$i ndzornost nabizeji online
videozaznamy vySetfovacich a intervenc¢nich technik. Tyto materidly jsou volné dostupné na

webovych strankach odborného Casopisu (https://journals.lww.com/ajpmr/pages/default.aspx).

Ultrazvukové vySetifeni ma také své nevyhody a t€émi jsou hlavné limitované zobrazeni kosti a
struktur leZici v kostnim stinu. Dale jde o zavislost na vySetfujicim a dlouhd uc¢ebni kiivka. Tyto

dva limity se snazi redukovat dva publikované originalni ¢lanky (viz ptiloha 9 a 10)
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prezentujicich mnemotechnické pomicky usnadnujici rychlejsi ziskani znalosti a dovednosti
pfi diagnostickém vyuzivani muskuloskeletdlnim ultrazvuku. Mnemotechnické pomticky
zlepSuji zapamatovani a porozumnéni problematice, coz zefektiviiuje studijni proces (Singhal
a Rogers 2002; Dhawan a Gupta 2012). Tato unikétni audio-vizualni vyukova videogalerie je
volné dostupna na webovych strankéach odborného casopisu

(https://journals.lww.com/ajpmr/pages/default.aspx).

Krom¢ statického a dynamického vysetfeni, které poskytuje B-mode se v rehabilitacnim
1ékatstvi d4 vyuzit také M-mode, ktery dokaZe hodnotit pohyb anatomickych struktur. Sembera
et al vyuzili M-mode ultrazvukové vysetfeni branice k hodnoceni jeji posturdlné-respiracni
funkce. V této studii autofi verifikovali, ze posturalni funkce branice je nezdvisla na jeji
dechové funkci (Sembera et al. 2022). Branice jakoZto hlavni dychaci sval zajiSt'uje ventilaci a
kromé toho plni také funkci dolniho jicnového svérace, a hraje kli€ovou roli ve stabilizaci patete
(Hodges a Gandevia 2000a). Jelikoz lze obsah dutiny bfisSni viceméné povazovat za
nestlacitelny, dojde pii kontrakci branice ke zvysSeni IAP a rozepnuti anterolateralni casti bfi$ni
stény (Mead a Loring 1982). Sembera et al dokazali, Ze pfi zvySeném posturalnim zatizeni
dochézi k vyssi exkurzi branice kaudalné a zaroven ke zvySeni tlaku bfisni stény méfenym
pomoci DNS Brace (Sembera et al. 2022). Tyto vysledky jsou v souladu s na§im métenim, ve
kterém jsme prokazali, Ze zvySeni IAP vede ke zvySeni tlaku, kterym piisobi bfi$ni sténa oproti
senzorim umisténym v ortéze DNS Brace. Jinymi slovy, mira IAP koreluje s expanzi bfiSni
stény. NaSe méfeni jsou teké v souladu s praci Ramshorsta, ktery provedl studii na kadaverech
kdy insufloval bfisni dutinu vzduchem a méfil tenzi bfisni stény, vysledkem této studie bylo
zjisténi statisticky vyznamné korelace mezi mirou nitrobfiSniho tlaku a tenzi bfiSni stény

(van Ramshorst et al. 2011).

Ackoliv existuje mnoho moZnosti pfimého 1 nepfimého méteni IAP, v klinické praxi se tyto
postupy nevyuzivaji pro svoji invazivitu, ¢asovou a odbornou naro¢nost atd. (Novak et al.

2021). Nevyhodou intravezikalniho méfeni IAP je, Ze pfesnost méfeni pomoci sondy zavedené

wevr

vvvvv

pozicich. Tento zplisob méfeni vSak nelze vyuzit pro muze a podobné jako vySetfeni anorektalni
sondou se jedna o vysetieni, které ptsobi pacientim dyskomfort. (Shaw et al. 2014). Co se tyce

piistrojového meéteni aktivace svalli bfiSni stény, jsou v literatufe popsany meéfeni pomoci
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Pressure Biofeedback unit (Lima et al. 2011), tenzometri (van Ramshorst et al. 2011),
dynamometru (Malatova et al. 2013), elektromyografie (Marshall a Murphy 2010), nebo
pomoci ultrazvuku (Amerijckx et al. 2020). Tyto metody vSak hodnoti aktivitu bfiSnich svalt
pouze lokaln€, na rozdil od v této studii vyuzivané originalni ortézy DNS Brace, ktera pomoci
4 senzorl (dva na piedni stran¢, dva na zadni trupu) hodnoti expanzi trupu komplexnéji (Novak
et al. 2021). V klinické praxi se nejvice vyuziva palpace bifisni stény s pfedpokladem, zZe tlak
bfisni stény se zvysuje pii zvySeni IAP (van Ramshorst et al. 2011). Palpace je provadéna nad
tiiselnymi vazy a v trigonum lumbale (Kobesova et al. 2020). V téchto mistech lezi mezi
dutinou bfisni a senzory pouze ploché trupové svaly a méieni expanze trupu je snadno
realizovatelné (Grevious et al. 2006). Chaba schopnost aktivace bfi$ni stény v téchto oblastech

je velmi Casto asociovand s LBP (Frank et al. 2013).

Ve studii, kterd je soucasti této disertacni prace (viz pfiloha 2) se podafilo prokazat korelaci
mezi subjektivnim klinickym hodnocenim testd posturalni stabilizace a objektivné méfenou
expanzi bfi$ni stény u zdravych probandt (Jacisko et al. 2021). Subjektivni hodnoceni provadéli
zkuSeni terapeuti s vice nez pétiletou klinickou praxi, protoze ptesnost vySetieni palpaci je
z4visla hlavné na zkuSenostech vysetiujiciho (Malatova et al. 2007). Nase méteni jsou ve shodé
s Malatovou et al., ktera taktéz popisuje minimalni statisticky rozdil, mezi hodnotami namétené
dynamometrem MDO1 a palpaci (Malatova et al. 2007). V pribéhu méfeni v nasi studii
provadeél proband vSechny testované aktivity tfikrat s variaci potadi stanovist. Stejny postup
popsali autofi pii objektivizaci aktivity posturdlnich svali béhem pronacniho testu, kterou
mefili pomoci Pressure Biofeedback Unit a palpaci. Smyslem variace stanovist' byla
minimalizace vlivu pofadi jednotlivych méfeni (Von Garnier et al. 2009). Mezi jednotlivymi
métenimi probandi nesméli zkouset testované pozice (Von Garnier et al. 2009). Probandi pied
studii nebyli obeznameni s prib&hem testovani, instruktaz obdrzeli aZ pfi samotném testovani.
Toto je v rozporu s postupem ve studii Cha et al, ve které pred vlastnim testovanim kvalitu
trupové stabilizace probandi trénovali v ramci deseti instruktaznich lekci, ve kterych
nacvicovali nasledné vysetfované pozice (Cha et al. 2017). Tato studie porovnavala reliabilitu
dvou posturalnich testl a zjistila, Ze DNS heel sliding test je spolehlivy test pro hodnoceni
trupové stability. Posturalni testy dle konceptu DNS (Kobesova et al. 2020) hodnoti trupovou
stabilizaci ve vyvojovych pozicich, kde je aktivace trupové stabilizace zajiSténa podvédomé.
To je velky rozdil oproti hodnoceni testli v jinych studiich, které hodnoti aktivaci posturalnich
svalli pouze pii volné kontrolované aktivaci, jako napiiklad pfi "Prone test" nebo "Bilateral

straight leg lowering test" (Cha et al. 2017). Volni hybnost je fizena z kortikalnich center na

39



rozdil od posturalni aktivity, ktera je fizena ze subkortikélnich center (Kolat 2009; Kim et al.
2018). Testy, které hodnoti volni aktivaci, tedy nemusi odrazet aktivitu posturdlniho svalstva

pfi jeho nevédomé aktivaci pii béznych dennich ¢innostech.

V dalsi studii se podatilo prokazat korelaci mezi subjektivnim klinickym hodnocenim testl
posturdlni stabilizace a objektivné méfenou expanzi biisni stény u pacientii s LBP u testu
brani¢niho dychani. LBP je jednou z nejcastéjsich lidskych obtizi a jeji etiologie je znacné
variabilni. Pfi¢ina vzniku LBP je ¢asto multifaktorialni. Na pacienta by se m¢lo nahlizet pomoci
biopsychosocidlniho modelu a terapie by méla byt vedena multioborovym tymem (Vlaeyen et
al. 2018). Na hodnoceni pacienti s LBP lze nahlizet z mnoha hli pohledu: zobrazovaci
metody objektivizuji strukturalni patologie, klinické hodnoceni vySetiujicim subjektivné
hodnoti kvalitu trupové stabilizace, DNS Brace dokaZze zméfit expanzi bfisni stény, vizualné-
analogova Skala kvantifikuje bolest a dotazniky hodnoti disabilitu pacienta. V soucasné dob¢
se diskutuje vztah mezi klinickym stavem pacienta a nalezem na zobrazovacich metodach.
Chou et al prokazuje cestou systematického piehledu signifikantni asociaci mezi
degenerativnimi zménami patefe a LBP (Chou et al. 2011). Jiné studie vSak popisuje pouze
malou korelaci mezi nalezem na MRI a subjektivnim stavem pacienta (Gunnar Svanbergsson
et al. 2017). Jednou z pti¢in LBP mize byt i nedokonald postura. Dle In et al existuje korelace
mezi patologickou kfivkou hrudni kyf6zy, bederni lordozy, Oswestry disbility indexem a VAS
(In et al. 2021). Mimo to vSak pfi¢ina vzniku LBP miiZze byt psychickd, mize byt dana
zpusobem zivota, koufenim a mnoha dal$imi faktory. (Bento et al. 2020). Fakt, Ze na vznik LBP
ma vliv fada faktori mize byt pfi¢inou toho, pro¢ v nasi préaci (Krausova E, 2023) nebyla
zjisténa korelace mezi hodnotami DNS Bracea hodnotami ODI skore, a to v Zadném
z vySetfovanych testd. Funk¢i testy posturdlni stabilizace hodnoti schopnost posturdlni
stabilizace jak kvalitativné tak kvantitativné (Kobesova et al. 2020). Trupova ortéza DNS Brace
hodnoti pouze kvantitu expanze bii$ni stény. Toto mize byt divodem, pro¢ byla nalezena
korelace pouze u brani¢niho testu, kde je expanze bfisni stény a tedy i jeji tlak proti senzorim

(kvantitativni slozka) nejvice vyjadieny.

V posledni studii (Tyburcova M, 2022) nebyla prokdzéana signifikantni zména ve schopnosti
expandovat bfi$ni sténu proti tlakovym senzorim pied a po Sestitydenni terapii u pacientd
s LBP. Zlepseni stabilizace trupu se vyuziva v terapii pacientll s LBP ke sniZeni bolesti, snizeni
funkéniho postiZeni a zlepSeni kvality Zivota (Ghavipanje et al. 2022; Salik Sengul et al. 2021).

Z biomechanickych studii je znam kladny vliv IAP na spindlni dekompresi. Stokes et al ve své
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praci uvadi, ze kdyz se zvétsi IAP z 5 na 10 kPa, dojde ke sniZeni zatizeni patefe v priméru o
25 % (Stokes et al. 2010). Liu et al uvadi, ze pfi absenci adekvatniho IAP dochazi k vyrznému
zatizeni meziobratlového disku a malému zapojeni ligament patefe. Po aktivaci IAP naopak
pozorujeme odlehceni ploténky (Liu et al. 2019). Dalsi studie uvadi, ze stabilizacni trupova
cviceni jsou ucinngjsi v reducki bolesti nez odpocinek ¢i minimalni aktivita (Paungmali et al.
2017). V klinické praxi existuje velké mnozstvi rehabilitacnich postupi, které se zamétuji na
terapii LBP. Metaanalyza z roku 2022 porovnavala efekt Pilates cviceni, posilovani, cviceni
zaméiena na "core aktivaci", protahovani, metody McKenzie a aerobiku. Z vysledkl vyplyva,
ze vSechny druhy terapie mély kladny vliv na disabilitu a intenzitu bolesti, krome McKenzie
(zjistén byl signifikantni efekt pouze na disabilitu) a protahovani (mélo signifikantni vliv pouze
na bolest). Nejlepsi vysledky dosdhlo cvic¢eni Pilates (Fernandez-Rodriguez et al. 2022).
Nékteré studie poukazuji na zlepSeni v dotazniku ODI po stabilizaénim cviceni (Coulombe et
al. 2017; Frizziero et al. 2021) coz potvrzuje i nase studie. Jelikoz test nitrobfiSniho tlaku
vychazel z ptedchozich studii (viz ptiloha 2) jako nejlépe méfitelny pomoci DNS Brace byl
tento test pouzit i ve studii, kterd hodnotila vliv stabiizacniho cviceni podle metody DNS na
obtize pacientli s LBP (Tyburcovd N, 2022). Polovina pacientii absolvovala fyzioterapii s
autoterapii, druhd polovina absolvovala stejnou fyzioterapii s autoterpii, pii které¢ ale pouzivali
pacienti biofeedback v podob¢ pasu se senzorem (pomticku Ohmtrack = OT), ktery napomahal
pacientiim v cilené aktivaci bfisni stény béhem cvi¢eni. Biofeedback muze zvySovat
neuroplasticitu zapojenim pomocnych senzorickych vstupli a tim zvysit efektivitu cviceni.
Predpokladali jsme, ze zména schopnopsti expanze bfiSni stény pii branicnim testu bude
signifikantné vyssi u probandu cvicicich s biofeedback pomtckou OT. Ackoliv se schopnost
expanze biisni stény zvétSila u obou skupin (v porovnani pred a po terapii) nebyl nalezen
signifikantni rozdil mezi jednotlivymi skupinami a toto zvyseni nebylo signifikantni ani v rdmci
jednotlivych skupin pfi porovnéni aktivace pted terapii a po 6 tydenni teapii. Divodem miiZe
byt to, ze ucinek biofeedbacku ma diivejsi nastup nez 6 tydni a probandi, kteti vyuzivali OT,
mohli vysledkti dosahnout rychleji, nez probadni ktefi cvicili bez OT. Ale v obdobi Z tydnt se
uz schopnost aktivovat bfi$ni sténu mezi skupinami vyrovnala. Jinymi slovy naucili se to uz
cvicenim i probandi bez pomticky. Dal§im diivodem miiZe byt maly pocet probandti zatfazenych
do studie. V dalsich studiich by proto bylo dobré zméfit probandy Castéji nez pouze pied a po

terapii a hodnotit vice probandil a ve vice, posturalné rtizné¢ nadro¢nych situacich.
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4.5.1. Limity prace

Vzhledem k rizné obtiznosti hodnoceni jednotlivych anatomickych struktur a oblasti nelze
jednozna¢né definovat minimalni dobu potiebnou pro ziskani potiebnych zkuSenosti pii

ultrazvukovém vySettfeni (Garcia-Santibanez et al. 2018).

Limitem vySetfeni DNS Brace jednoznacné piedstavuje nemoznost vySetfeni pfili§ subtilnich
nebo naopak pfrili§ obéznich pacienti. Z naSich zkuSenosti vyplyva, ze nynéjsi model DNS
Brace lze adaptovat pouze na jedince, ktefi maji obvod pasu vrozmezi od 65 do 120

centrimetru.

Dalsim limitem je nizky pocet probandu v jednolitych studiich, ktery mize mit za nasledek to,

ze vysledky nejsou statisticky vyznamné.

Detaily k metodikdm, vysledklim a podrobné diskuze jsou uvedeny v ptilohach ve formé kopii

publikovanych praci.
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4.6. Zavér

Tato prace se zameéfila na dynamické vySetiovaci metody v rehabilitaci. Ultrasonografie
pohybového aparatu se ¢im dal tim vice stava béznou soucésti prace rehabilitaéniho 1ékate.
Ackoliv mé ultrazvukové vySetfeni Cetné vyhody, stale se objevuje kritika, Ze je to modalita
zéavisla na vysetiujicim a ma dlouhou ucebni kiivku. Proto byly v ramci této doktorské prace
publikovany dynamické vySetfovaci protokoly a navrZzeny mnemotechnické pomucky pro
vyuku v muskuloskeletalni ultrasonografii. Déle byly publikovany reSerSni prace na téma
nejcastejSich intervenci v oblasti lokte a zapésti. V klinické praxi, zejména u pacientd s LBP je
velice dulezité hodnoceni trupové stabilizace. Jednou z méfitelnych proménnych je nitrobiisni
tlak, ktery uzce souvisi s kvalitou posturdlni stabilizace. V bézné klinické praxi je vsak
nitrobfiSni tlak obtizn¢ vySetfovatelny pro invazivitu méfeni. V ramci vyzkumu této
problematiky byl vyvinut ptistroj DNS Brace, ktery umoznuje snimat tlak, kterym ptisobi btisni
sténa proti senzoriim umisténych na trupové ortéze. V ramci této doktorské prace se podatilo
prokazat, Ze nitrobiisni tlak koreluje s tlakem bfiSni stény méfenym pomoci DNS Brace. Dale
se podaftila prokdzat korelace mezi tlakem bfis$ni stény a klinickym hodnocenim posturdlnich
testd u tii posturdlnich testi u zdravych probandi a u jednoho posturalniho testu u probandi

s LBP.

43



S. SOUHRN

5.1. Dynamické vySetireni pohybového systému pomoci ultrasonografie

5.1.1. Dynamické vySetrovaci protokoly

1. Mezian K, Ricci V, Giivener O, Jadisko J, Novotny T, Kara M, Ata AM, Wu WT, Chang
KV, Stecco C, Pirri C, Leblebicioglu G, Oz¢akar L. EURO-MUSCULUS/USPRM Dynamic
Ultrasound Protocols for Wrist and Hand. Am J Phys Med Rehabil. 2022 Apr 20. doi:
10.1097/PHM.0000000000002005. Epub ahead of print. PMID: 35440527. 1F2021=3,412

V tomto vySetfovacim protokolu byly popsany riizné dynamické manévry a postupy k vySetieni
zapé&sti a ruky. Jednotlivé vySetfovaci postupy byly zdokumentovany na videozdznamu, ktery
slouzi jako navod k vysetieni a ukazka moznych patologii zarovén. Tento vySettovaci protokol
vzniknul jako mezinarodni konsenzus odbornikt a klade si za cil uleh¢it a sjednotit vySetfovaci

postupy v praxi rehabilitaéniho 1ékafte.

2. Mezian K, Ricci V, Giivener O, Jadisko J, Novotny T, Kara M, Chang KV, Naika O, Pirri
C, Stecco C, Dughbaj M, Jain NB, Ozgakar L. EURO-MUSCULUS/USPRM Dynamic
Ultrasound Protocols for (Adult) Hip. Am J Phys Med Rehabil. 2022 Jun 9. doi:
10.1097/PHM.0000000000002061. Epub ahead of print. PMID: 35687784. 1F2021=3,412

V tomto vySetfovacim protokolu byly popsany riizné dynamické manévry a postupy k vySetieni
kycelniho kloubu. Jednotlivé vySetfovaci postupy byly zdokumentovany na videozaznamu,
ktery slouzi jako navod k vySetfeni a ukazka moznych patologii zarovén. Tento vySetfovaci
protokol vzniknul jako mezinarodni konsenzus odbornikti a klade si za cil ulehdit a sjednotit

vySetfovaci postupy v praxi rehbilita¢niho 1ékare.

3. Pirri, Carmelo; Stecco, Carla; Giivener, Orhan; Mezian, Kamal; Ricci, Vincenzo; Jacisko,
Jakub; Novotny, Tomas; Kara, Murat; Chang, Ke-Vin; Dughbaj, Muhammad; Jain, Nitin B.;
Ozgakar, Levent. EURO-MUSCULUS/USPRM Dynamic Ultrasound Protocols for Knee.
American Journal of Physical Medicine & Rehabilitation ():10.1097/PHM.0000000000002173,
December 22, 2022. | DOI: 10.1097/PHM.0000000000002173 1F2021=3,412

V tomto vysetiovacim protokolu byly popséany riizné dynamické manévry a postupy k vysetieni

kolenniho kloubu. Jednotlivé vySetfovaci postupy byly zdokumentovany na videozdznamu,
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ktery slouzi jako navod k vySetfeni a ukazka moznych patologii zaroveén. Tento vySetfovaci
protokol vzniknul jako mezinarodni konsenzus odbornikd a klade si za cil ulehcit a sjednotit

vySettovaci postupy v praxi rehbilita¢niho 1ékare.
5.1.2. Intervence pod ultrazvukovou kontrolou

1. Mezian K, Jacisko J, Kaiser R, Machac S, Steyerova P, Sobotova K, Angerova Y, Nanka O.
Ulnar Neuropathy at the Elbow: From Ultrasound Scanning to Treatment. Front Neurol. 2021
May 14;12:661441. doi: 10.3389/fneur.2021.661441. PMID: 34054704; PMCID:
PMC8160369. 1F2021=4,086

V tomto review byla diskutovdna diagnostika, etiologie a moznosti terapie neuropatie ulnarniho

nervu v oblasti lokte.

2. Mezian K, Ricci V, Jaéisko J, Sobotova K, Angerova Y, Natika O, Oz¢akar L. Ultrasound
Imaging and Guidance in Common Wrist/Hand Pathologies. Am J Phys Med Rehabil. 2021 Jun
1;100(6):599-609. doi: 10.1097/PHM.0000000000001683. PMID: 33443851. IF2021=3,412

V tomto review byly diskutovany nejcastéjsi typy ultrazvukem navigovanych intervenci pii

terapii patologii v oblasti zapésti a ruky.
5.1.3. Edukaéni materialy pro zacate¢niky s muskuloskeletalnim ultrazvukem

1. Jadisko J. Mezian K, Giivener O, Ricci V, Kobesova A, Ozcakar L. Mnemonics and

Metaphorical Videos for Teaching/Learning Musculoskeletal Sonoanatomy. Am J Phys Med
Rehabil. 2022 Aug 9. doi: 10.1097/PHM.0000000000002084. Epub ahead of print. PMID:
35944076. 1F2021=3,412

Vtomto clanku byly prezentovany mnemotechnické pomiicky pro zapamatovani

fyziologickych nélezl pti vySetfeni pohybového aparatu pomoci ultrazvuku.

2. Jadisko J, Ricci V, Mezian K, Giivener O, Chang KV, Kara M, Kobesova A, Ozgakar L.

Mnemonics and Metaphorical Videos for Detecting/Diagnosing Musculoskeletal
Sonopathologies. Am J  Phys Med  Rehabil. 2022  Oct 11.  dot:
10.1097/PHM.0000000000002119. Epub ahead of print. PMID: 36228196. 1F2021=3,412
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V tomto ¢lanku byly prezentovany mnemotechnické pomiicky pro zapamatovani patologickych

nalezl pfi vySetieni pohybového aparatu pomoci ultrazvuku.
5.1.4. Kazuistika a dopis redakci

1. Jadisko J, Sobotova K, Mezian K. The utility of ultrasound examination in cubital tunnel
syndrome caused by heterotopic ossification. Med Ultrason. 2020 Mar 1;22(1):117-118. doi:
10.11152/mu-2419. PMID: 32096802. 1F2020=1,611

Toto kazuistické sdéleni prezentovalo pacienta s ulnarni neuropatii v oblasti lokte zptisobenou

heterotopickou osifikaci, a zdirazinuje dilezitost ultrazvukového vySetfeni a cileni terapie.

2. Jadisko J, Mezian K, Naiika O. Sonography of the anterior cruciate ligament revisited. J Clin
Ultrasound. 2021 Mar;49(3):248-249. doi: 10.1002/jcu.22978. Epub 2021 Feb 1. PMID:
33527383. 1F2021=0,869

Tento "letter to the editor" upozornil na moznost zameény ptredniho zktizeného vazu a

ligamentum mucosum pii ultrazvukovém vySetfeni.
5.2. Objektivizace posturalnich funkei

5.2.1. Korelace klinického hodnoceni testii posturalni stabilizace s tlakem bFiSni stény u

zdravych probandi

Jacisko J, Stribrny M, Novak J, Busch A, Cerny P, Kobesova A. Correlation Between
Palpatory Assessment and Pressure Sensors in Response to Postural Trunk Tests. Isokinetics

and Exercise Science 1 Jan. 2021 DOI: 10.3233/IES-205238 1F2021=0,729

Na podkladé zjisténé inter-rater reliability a korelace objektivniho a subjektivniho méfeni 1ze
ptedpokladat, ze testy nitrobfiSniho tlaku, brani¢ni test a test flexe v ky€elnim kloubu, mohou
byt uzitetné pii hodnoceni kvality posturalni stabilizace asymptomatickych jedinci. Ke

zhodnoceni splehlivosti testl pfi vySetfeni symptomatickych pacient je potieba dalsi vyzkum.
5.2.2 Korelace nitrobfiSniho tlaku s tlakem brisSni stény

Novak J, Jacisko J, Busch A, Cerny P, Stribrny M, Kovari M, Podskalska P, Kolar P, Kobesova

A. Intra-abdominal pressure correlates with abdominal wall tension during clinical evaluation
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tests. Clin Biomech 2021 Aug;88:105426. doi: 10.1016/j.clinbiomech.2021.105426. Epub
2021 Jul 14. 1F2021=2,034

Nitrobfis$ni tlak siln¢ koreloval s expanzi biisni stény nad inguindlnim ligmentem a nad
trigonum lumbale. Tato origindlni studie prezentovala novou moznost neptimého hodnoceni

nitrobfiSniho tlaku, resp, posturdlni stabilizace v bézné klinické paxi.

5.2.3 Prehledova prace mozZnych zpusobu objektivizace posturalnich funkci/trupové

stabilizace

NOVAK, Jakub, JACISKO, Jakub, STVERAKOVA, Tereza, JUEHRING, David D.,
SEMBERA, Martin, KOLAR, Pavel and KOBESOVA, Alena, 2022. The signifikance of intra-
abdominal pressure on postural stabilization: a low back pain case report. Slovak Journal of

Sport Science. 17 January 2022. Vol. 7, no. 2, pp. 3—18. DOI 10.24040/sjss.2021.7.2.3-18.

Tato prace revidovala existujici literaturu na téma objektivizace posturalnich funkei a také

predstavuje kazuistiku pacaienta s LBP.
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6. SUMMARY

6.1. Dynamic ultrasound examination of the musculoskeletal system

6.1.1. Dynamic examination protocols

1. Mezian K, Ricci V, Giivener O, Jadisko J, Novotny T, Kara M, Ata AM, Wu WT, Chang
KV, Stecco C, Pirri C, Leblebicioglu G, Oz¢akar L. EURO-MUSCULUS/USPRM Dynamic
Ultrasound Protocols for Wrist and Hand. Am J Phys Med Rehabil. 2022 Apr 20. doi:
10.1097/PHM.0000000000002005. Epub ahead of print. PMID: 35440527. 1F2021=3,412

In this examination protocol there were described various dynamic maneuvers and approach to
wrist examination. Individual examinations are documented in videos that were part of the
article. These videos serves as guide for examination and presentation of some exemplary
pathologies. This examination protocols is based on consensus of international authors and
aimed to facilitate the role of musculoskeletal ultrasound in clinical praxis of physical medicine

and rehabilitation.

2. Mezian K, Ricci V, Giivener O, Jadisko J, Novotny T, Kara M, Chang KV, Naiika O, Pirri
C, Stecco C, Dughbaj M, Jain NB, Ozcakar L. EURO-MUSCULUS/USPRM Dynamic
Ultrasound Protocols for (Adult) Hip. Am J Phys Med Rehabil. 2022 Jun 9. doi:
10.1097/PHM.0000000000002061. Epub ahead of print. PMID: 35687784. 1F2021=3,412

In this examination protocol there were described various dynamic maneuvers and approach to
adult hip examination. Individual examinations are documented in videos that were part of the
article. These videos serves as guide for examination and presentation of some exemplary
pathologies. This examination protocols is based on consensus of international authors and
aimed to facilitate the role of musculoskeletal ultrasound in clinical praxis of physical medicine

and rehabilitation.

3. Pirri, Carmelo; Stecco, Carla; Giivener, Orhan; Mezian, Kamal; Ricci, Vincenzo; Jacisko,
Jakub; Novotny, Tomas; Kara, Murat; Chang, Ke-Vin; Dughbaj, Muhammad; Jain, Nitin B.;
Ozgakar, Levent. EURO-MUSCULUS/USPRM Dynamic Ultrasound Protocols for Knee.
American Journal of Physical Medicine & Rehabilitation ():10.1097/PHM.0000000000002173,
December 22, 2022. | DOI: 10.1097/PHM.0000000000002173 1F2021=3,412
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In this examination protocol there were described various dynamic maneuvers and approach to
knee examination. Individual examinations were documented in videos that are part of the
article. These videos serveed as guide for examination and presentation of some exemplary
pathologies. This examination protocols is based on consensus of international authors and
aimed to facilitate the role of musculoskeletal ultrasound in clinical praxis of physical medicine

and rehabilitation.
6.1.2. Interventions under ultrasound guidance

1. Mezian K, Jadisko J, Kaiser R, Machac S, Steyerova P, Sobotova K, Angerova Y, Naiika O.
Ulnar Neuropathy at the Elbow: From Ultrasound Scanning to Treatment. Front Neurol. 2021
May 14;12:661441. doi: 10.3389/fneur.2021.661441. PMID: 34054704; PMCID:
PMC8160369. 1F2021=4,086

In this review the ultrasound diagnostics, and ultrasound guided therapy options were discussed

in ulnar nerve neuropathy at the elbow.

2. Mezian K, Ricci V, Jaéisko J, Sobotova K, Angerova Y, Natika O, Oz¢akar L. Ultrasound
Imaging and Guidance in Common Wrist/Hand Pathologies. Am J Phys Med Rehabil. 2021 Jun
1;100(6):599-609. doi: 10.1097/PHM.0000000000001683. PMID: 33443851. IF2021=3,412

In this review were discussed the most common US guided interventions in wrist pathologies.
6.1.3. Education materials for musculoskeletal ultrasound beginners

1. Jadisko J. Mezian K, Giivener O, Ricci V, Kobesova A, Ozcakar L. Mnemonics and

Metaphorical Videos for Teaching/Learning Musculoskeletal Sonoanatomy. Am J Phys Med
Rehabil. 2022 Aug 9. doi: 10.1097/PHM.0000000000002084. Epub ahead of print. PMID:
35944076. 1F2021=3,412

In this article a videoglallery of mnemonics signs of physiologic findings were presented.

2. Jaédisko J, Ricci V, Mezian K, Giivener O, Chang KV, Kara M, Kobesova A, Ozcakar L.
Mnemonics and Metaphorical Videos for Detecting/Diagnosing Musculoskeletal
Sonopathologies. Am J Phys Med  Rehabil. 2022 Oct 11. doi:
10.1097/PHM.0000000000002119. Epub ahead of print. PMID: 36228196. 1F2021=3,412
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In this article a videoglallery of mnemonics signs of pathologic findings were presented.
6.1.4. Case report and letter to the editor

1. Jadisko J, Sobotova K, Mezian K. The utility of ultrasound examination in cubital tunnel
syndrome caused by heterotopic ossification. Med Ultrason. 2020 Mar 1;22(1):117-118. doi:
10.11152/mu-2419. PMID: 32096802. IF2020=1,611

This case report presented patient with ulnar neuropathy at the elbow caused by heterotopic

ossification and emphesise the role of ultrasound examination and therapy guidance.

2. Jadisko J, Mezian K, Naiika O. Sonography of the anterior cruciate ligament revisited. J Clin
Ultrasound. 2021 Mar;49(3):248-249. doi: 10.1002/jcu.22978. Epub 2021 Feb 1. PMID:
33527383. 1F2021=0,869

This letter to the editor reported possible mistaking anterior cruciate ligament with mucose

ligament during ultrasound examination.
6.2. Objectivization of the trunk functions

6.2.1. Correlation netween palpatory assessment and pressure sensors in response to

postural trunk tests.

Jacisko J, Stribrny M, Novak J, Busch A, Cerny P, Kobesova A. Correlation Between
Palpatory Assessment and Pressure Sensors in Response to Postural Trunk Tests. Isokinetics

and Exercise Science 1 Jan. 2021 DOI: 10.3233/IES-205238 1F2021=0,729

Based on inter-rater reliability and correlation of the objective and subjective measurements it
can be assumed, that intraabdominal test, diapragm test and hip flexion test can be usefull in

evaluation of the quality of postural stabilization in asymptomatic individuls.

6.2.2 Intra-abdominal pressure correlates with abdominal wall tension during clinical

evaluation tests

Novak J, Jacisko J, Busch A, Cerny P, Stribrny M, Kovari M, Podskalska P, Kolar P, Kobesova

A. Intra-abdominal pressure correlates with abdominal wall tension during clinical evaluation
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tests. Clin Biomech 2021 Aug;88:105426. doi: 10.1016/j.clinbiomech.2021.105426. Epub
2021 Jul 14. 1F2021=2,034

Intra-abdominal pressure correlated with tension produced by abdominal wall measured over
inguinal ligmaent and trigonum lumbale in postural tasks. This study presented a new option of

indirect objectivization of IAP/postural stabilization in clinical practice.

6.2.3 The significance of intra-abdominal pressure on postural stabilization: A low back

pain case report

NOVAK, Jakub, JACISKO, Jakub, STVERAKOVA, Tereza, JUEHRING, David D.,
SEMBERA, Martin, KOLAR, Pavel and KOBESOVA, Alena, 2022. The signifikance of intra-
abdominal pressure on postural stabilization: a low back pain case report. Slovak Journal of

Sport Science. 17 January 2022. Vol. 7, no. 2, pp. 3—18. DOI 10.24040/sjss.2021.7.2.3-18.

This study reviewed current options of objectivization of the postural functions. It also

presented a case report of a patient with LBP.
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normal side (fig 1). In light of the US findings, the patient
was diagnosed with a healing strain of the lateral head of
the gastrocnemius muscle.

Calf pain is a common complaint among patients of
all ages but is most frequent in young and active pco-
ple (especially runners). Often , calf strains or rupturcs
are seen in the medial gastrocnemius muscle (i.e. ‘tennis
leg”) but other components of the posterior leg including
the lateral gastrocnemius, soleus and plantaris may also
harbor the underlying cause/lesion [1]. These injuries
usually occur during physical activitics whereby forced
dorsiflexion of the ankle and simultancous cxtension of
the knee are inevitable. Patients commonly report a sud-
den lear or ‘pop’ in their posterior leg aller which they
start sulfering acute pain and tenderness |2]. According
to the imaging studies, involvement of the medial gas-
trocnemius occurs in 58 to 65% of all cascs; the lateral
gastrocnemius in 8 to 38% and other muscles are less
frequent [2,3].

Presenting this (rare) case of ours, [irslly, we em-
phasise that medical history and physical examination

Med Ultrason 2020; 22(1): 114-119 117

might sometimes be insufficient for an exact diagnosis.
Secondly, sono-palpation is definitely helpful for demon-
strating and the prompt understanding of the lesion (for
the physician and for the patient alike) [4]. Last but not
lcast, especially when an intervention is to be planned,
the aforementioned ‘sonographic understanding” will
turn into ‘precise targeting” also [5].
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The utility of ultrasound examination in cubital tunnel syndrome

caused by heterotopic ossification
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To the Editor,

A 65-year-old man presented with a one-year history
ofbilaleral paresthesia of the ulnar side of the forearm and
4 1o 5% finger, accompanied by numbness and weakness
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of the mentioned arca. The patient also reported sleep
disturbance due to tingling sensations in his hand and fin-
gers, resulting in awakening 3-4 times per night. His his-
tory involved 30 years working with a vibrating sander.

Clinical examination revealed hypotrophy of the in-
terosseous muscles. Tinel’s test was positive only over
the ulnar nerve in the right ulnar sulcus area. Electromyo-
graphy and nerve conduction studies revealed bilateral
cubital tunnel syndrome, more severe on the right side.
Ultrasound (US) examination of both elbows showed a
hyperechoic mass causing acoustic shadowing, in close
contact with the ulnar nerve on the right side. The ulnar
nerve was swollen bilaterally (right side, cross-section-
al area 15 mm; left side 11 mm?). Radiographs of the
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Fig 1. Left side: Ultrasound revealed a hyperechoic mass caus-
ing acoustic shadowing bilaterally, with close contact to a swol-
len ulnar nerve on the right side. D, distal; P, proximal; JG, joint
gap; ME, medial epicondyle; white arrow, swollen ulnar nerve;
aslerisk, helerolopic ossificalion. Right side: Anieroposterior
radiographs of both elbow joints. White arrows, heterotopic os-
sifications; L, left; R, right.

elbows showed multiple ossifications of the soft tissue
around the medial and lateral humeral epicondyles bi-
laterally (fig 1). The patient was informed of the treat-
ment oplions (corticosleroid injection/consideration of
surgery) and opled for corlicosteroid injection. The ulnar
nerve on the right side was injected under US guidance
with a mixture of 40 mg (1 ml) methylprednisolone and
1 ml 1% trimecaine. The injection provided satisfactory
pain reliel al the 2-week and 3-month lollow-up.

The utility of US cxamination is found not only in di-
agnostic, but also in providing accurate therapy and fol-

The utility of wltrasound examination in cubital tunnel syndrome

low-up. US examination can provide information about
ulnar nerve morphology and surrounding structures that
can be the cause of compression [1]. Therapeutic injec-
tion under US control is more precise and targeted. Dur-
ing follow-up, US cxamination can be a very uscful tool
for evaluating therapeutic effect - in this particular case, a
reduction in the cross-sectional area of the swollen nerve.

Heterotopic ossification (HO) is a pathologic forma-
tion of bone within sofi tissues. The main risk factors for
HO are orthopedic surgery, trauma, brain or spinal cord
injury and severe burns. Repetitive mechanical stress or
microfrauma is gencerally thought to be present among
the rest of the patients [2]. The long history of working
with a vibraling sander in our patient was, probably, the
risk factor for HO. More studies about HO in patients
exposed to occupational vibration are needed.
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Extensor digitorum brevis manus is uncommon but can easily be
misinterpreted during wrist ultrasound examination
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To the Editor

A 37-year-old female complained of a distended sen-
sation over her right wrist for the last six months. She
reported occasional swelling at its dorsal aspect, accom-
panied by only soreness but no pain after 30 minutes of
continuous computer use. The medical history was other-
wise unremarkable.
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Abstract.

BACKGROUND: The evaluation of postural trunk muscle function is a critical component of clinical assessment in patients
with musculoskeletal pain and dysfunction. Postural activation of the trunk muscles has been evaluated by various methods. This
study evaluates the correlation between subjective assessment of postural trunk muscle function with an objective measurement of
abdominal wall expansion.

METHODS: Twenly-five healthy participants (16 women, 9 men, age 22.4 years) were assessed. The subjective assessment was
performed by two experienced Dynamic Neuromuscular Stabilization (DNS) clinicians evaluating the quality of trunk stabilization
using five postural stability tests through palpation and observation. Interrater reliability was determined using an intraclass
correlation coefficients (ICC). Objective measurement was performed using a new device (DNS Brace) which externally measures
abdominal wall pressure. Spearman rank correlations were calculated for both palpation and observation measures with DNS
Brace data.

RESULTS: The interrater reliability (ICC2.k) estimates demonstrated moderate reliability in palpation measures for three DNS
tests: Hip flexion test, Diaphragm test, & Intra-abdominal pressure regulation test (TAPRT) (ICC = 0.645-0.707). For observation
measures, good reliability was found in IAPRT (ICC = 0.835), and three tests demonstrated moderate reliability: Hip flexion test,
Diaphragm test, & Breathing Stereotype (ICC = 0.577-0.695). Correlation analysis demonstrated several moderate to strong
correlations between palpation and DNS brace values (Assessor 1): IAPRT, r. = 0.580, p = 0.002, Diaphragm test, r, = 0.543,
p = 0.005, (Assessor 2): IAPRT, r. = 0.776, p < 0.001, Breathing Stereotype, r, = 0.625, p = 0.001, Diaphragm test, r, =
0.519, p = 0.008, Hip Flexion test, s = 0.536, p = 0.006, and Arm Elevation test, . = 0.460, p = 0.021. For observation,
several moderate correlations were demonstrated with DNS brace values (Assessor 1): Arm Elevation test, 7, = 0.472, p = 0.017,
(Assessor 2) Diaphragm test, r, = 0.540, p = 0.005, IAPRT r, = 0.475, p = 0.016, Hip Flexion test, 7, = 0.485, p = 0.014, and
Arm Elevation, r. = 0.451, p = 0.024,

CONCLUSION: Based on inter-rater reliability and DNS brace correlations with trained DNS professionals, the IAPRT,
Diaphragm test, and Hip Flexion test may prove useful when assessing asymptomatic individuals. More research is needed in
order to establish the utility of DNS brace and clinical testing both in asymptomatic and back pain populations. DNS tests must be
supplemented by further examinations for definitive clinical decision making.

Keywords: Postural stabilization, breathing. abdominal muscles, intra-abdominal pressure, Dynamic Neuromuscular Stabilization
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1. Introduction

Evaluation of postural trunk muscle function is a crit-
ical component of clinical assessment in patients with
musculoskeletal pain and dysfunction. Activation of
the postural trunk muscles is essential for maintaining
TAP (Intra-Abdominal Pressure) [1,2]. Appropriate IAP
regulation secures stability of the lumbar spine [3.4].
Altered function of trunk muscles is associated with low
back pain (LBP) [5,6] which is a major public health
problem worldwide causing significant personal and fi-
nancial burden [7]. Numerous studies suggest that trunk
and lumbar spine stabilization exercises may help in
LBP treatment and contribute to LBP prevention [8].

Postural activation of the trunk muscles has been
evaluated by various methods such as ultrasonogra-
phy [9], electromyography [9], pressure biofeedback
unit [10], dynamometry [11] or direct IAP measure-
ment [3,4]. Although some of these methods can mea-
sure the core activity or even IAP quite accurately, most
of them serve for research purpose rather than clinical
practice because the procedures may be uncomfortable
for the patient, invasive, time consuming and often dif-
ficult to interpret the results. In routine clinical practice
subjective assessment via various clinical tests is the
most common way to evaluate postural function of the
trunk muscles [12,13].

One concept offering a complete set of clinical tests
to evaluate closely inter-related postural-respiratory
functions [14] is Dynamic Neuromuscular Stabiliza-
tion (DNS) [13]. DNS is a functional diagnostic and
therapeutic approach based on human ontogenesis ap-
plying principles of movement and posture develop-
ment during the first years of a healthy individual’s
life [15,16]. The complete set of DNS testing [13] cap-
tures the stereotype of postural stabilization and move-
ment [17], respiratory pattern [14,18], functional joint
centration [15] and segmental movement [19], while
offering a functional treatment plan for musculoskele-
tal [20,21] or neurological patients [22]. Still, there is a
need for more objective data to demonstrate the relia-
bility of DNS procedures and to monitor the progress
or improvements based on DNS principles.

Therefore, this study presents a new, non-invasive
device called DNS Brace which objectively measures
the expansion of the abdominal wall, a function which
purportedly correlates with IAP changes and breath-
ing [1]. Expansion of the abdominal wall related to
IAP regulation is an important mechanism of trunk and
spinal stabilization [14]. Additionally, this study ex-
amines the correlation between a clinician’s subjective
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postural function assessment and objective measure-
ment of the abdominal wall expansion using the DNS
Brace.

2. Methods
2.1. Farticipants

The study was approved by the local ethics commit-
tee (Protocol number 17954, 8.1. 2020, Ethics commit-
tee of the Second Faculty of Medicine, Charles Uni-
versity and University Hospital Motol, Prague, Czech
Republic). Participants were addressed via social me-
dia. Exclusion criteria were any symptomatic neuro-
logic, orthopedic, respiratory or musculoskeletal disor-
der, spine or abdominal surgery, severe trauma during
the last year, pregnancy, and undergoing DNS therapy
in the past. In total 25 participants, 16 women and 9
men were involved in the study. Before the assessment,
every participant received the same detailed information
about the testing procedure. Every participant signed
the informed consent. Basic descriptive data includ-
ing gender, age, anthropometric data were recorded for
each participant. Table 1 shows general characteristics
for the whole group.

2.2. Instrumentation

The DNS Brace (Produced by Ortotika, FN Motol V
Uvalu 84, Praha, (Fig. 1) which is mechanically config-
ured as a trunk orthosis is equipped with four sensors
working on a mechanical-pneumatic-electronic princi-
ple. For assessment, the brace fits tightly to bony struc-
tures allowing the expansion of soft tissues. The sensors
arc fixed on the inner wall of the brace. Two sensors
are located on the brace parts adhering to laterodorsal
sections (trigonum lumbale) of the abdominal wall and
two are placed above the groin. The position of the sen-
sors can be easily adjusted to fit each individual. The
sensor heads are hemispheric in shape, allowing them to
adhere to soft tissues in the monitored locations. Each
sensor head contains an inner-air chamber and is made
from silicone. which provides stable mechanical quality
in a wide range of temperatures. The inner-air chamber
is connected to a digital pressure sensor via a capillary
tube. When recording measurements, cach sensor’s sil-
icone head is deformed by the applied pressure, which
causes a reduction of volume in the inner-air chamber,
thus increasing pneumatic pressure in the inner cap-
illary system. Pneumatic pressure is registered via an
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Table 1
Participant’s anthropometric characteristics. n = 235, 9 males, 16 females
Age (year)  Height (m)  Weight (kg)  BMI (kg/m?)  Waist (cm)

Mean 224 172.68 68.88 23.02 77.16
SD 1.76 7.26 8.66 1.58 5.98
Min 20 161 58 19.82 67
Max 25 190 85 25.85 90

Fig. 1. DNS brace A. Front view; B. Top view, f — two sensors in the front, b — two sensors in the back; C. Back view, Brace on a man.
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Fig. 2. Data from DNS Brace measuring deep breathing displayed in a graph.

auxiliary electric device (digital pressure sensor) on the
orthosis. The sensors register the pressure exerted by
the abdominal wall. The values recorded in kilopascals
(kPa) are transferred via Bluetooth, stored and graph-
ically displayed in a smart-phone device (Fig. 2). The
sampling rate is 240 Hz.

2.3. Procedure

Participants (n = 25) were randomly assigned to two
groups. Participants from group 1 (n = 13, female 8,
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male 5) were first assessed by the two DNS assessors in
arandom order (some participants were first assessed
by assessor #1 and then by assessor #2 or vice versa),
and subsequently by DNS Brace which was applied by
another clinician, Participants from group 2 (n = 12,
female 8, male 4) were first assessed by DNS Brace,
and subsequently by the two DNS assessors in random
order. The measurements were always performed under
the same environmental conditions.

DNS assessors evaluated the five postural tests ac-
cording to DNS (as described below) consecutively in
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no activation

ideal activation

Fig. 3. Visual-analogue scale for subjective assessment of postural tests (the assessors made two lines on VAS — one for aspection, one for

palpation).

the same order on each participant. Every participant
was given exactly the same instructions before each
test. Afler assessing all 5 tests by the first DNS assessor,
the participant was assessed by the other DNS asses-
sor, who gave the same instructions o evaluate each
test. There was no time limit for the evaluation. Both
assessors assessed each participant first by palpation
and then visually using VAS (visual analogue scale)
from O (no activation) to 100 (ideal activation) [23]
(Fig. 3). Palpation by DNS assessors was performed at
the same body regions where the DNS Brace sensors
were placed, i.e. in trigonum lumbale bilaterally and
above the groin bilaterally. DNS tests were reported as
reliable assessment methods in other research projects
previously [24].

2.4. Subjective assessment

Five DNS postural tests were performed by each
participant and evaluated by two experienced assessors
(certified DNS instructors) by palpation and inspection
using VAS from 0 to 100 points where O represents
absolute inability to perform required activity and 100
represents ideal activation (Fig. 3).

During all five tests the participants were seated,
their hips and knees flexed in 90° angle, feet touching
the ground while keeping spine upright and shoulders
relaxed. With each participant the tests were evaluated
in the following order;

1. Breathing stereotype test. (Fig. 4) The participant
was instructed to take five deep breaths. The as-
sessor first palpated the activation in the lower
intercostal spaces and below the lower ribs bilat-
erally and then above the groin. Then, the assessor
performed visual observation focusing on lower
ribs and shoulder movement.

2, Intra-abdominal pressure regulation test. (Fig. 5)
The assessor palpated bilaterally the lower ab-
dominal sections above the groin. The partici-
pant was instructed to activate the IAP by pushing
against assessor’s fingers. Amount and symmetry
of activation is assessed by palpation. Then, visual
observation of abdominal contour, umbilicus and
shoulder movement was performed.

3. The diaphragm test. (Fig. 6) The assessor was po-
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Fig. 4. Breathing stereotype test. A. Optimal pattern. Spine upright,
trunk in neutral position, relaxed auxiliary breathing muscles, propor-
tional expansion of abdominal wall occurs with inhalation. B. Patho-
logical stereotype. The chest moves superiorly, shoulders moves su-
periorly and into protraction during inhalation, insufficient or no
expansion of the abdominal wall.

Fig. 5. Intra-abdominal pressure regulation test. A. Optimal pattern.
Proportional tensing of abdominal wall in all sections. B. Pathological
stereotype. Inability to expand lower abdominal wall, asymmetrical
activation, overactivity of upper rectus abdominis muscle, ribcage
elevation.

sitioned behind the participant palpating bilater-
ally below participant’s lower ribs. The partici-
pant was instructed to take a deep breath and push
towards assessor’s fingers to activate the abdomi-
nal wall. The assessor evaluated the amount and
symmetry of activation of the abdominal wall.
Then, the assessor visually observed lateral move-
ment of the lower ribs while monitoring the spine
(upright and stable) and the presence of shoulder
movement or pathological synkinesis (Fig. 6).
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Fig. 6. Diaphragm test. A. Optimal pattern. Abdominal wall eccen-
tric expansion, upright spine, without shoulder movements cranially.
B. Pathological stereotype. Inability to expand latero-dorsal parts of
the abdominal wall, asymmetrical activation, rib cage or shoulder
elevation, substitutive mechanism with spinal kyphosis compensating
for lack of eccentric abdominal wall activation.

Fig. 7. Hip flexion test. A. Optimal pattern. Chest and pelvis in neutral
position, spinc upright. B. Pathological stereotype. Inability to keep
the spine upright and pelvis stable, lateral shift of the trunk.

4. Hip fiexion test. (Fig. 7) The assessor instructed
the participant to slowly lift up right leg (approxi-
mately 10 to 20 cm) above the ground. Participant
breathed naturally while maintaining this posi-
tion. The activity of the latero-dorsal sections of
abdominal wall was assessed bilaterally by pal-
pation (as in diaphragm test). Then, any spinal
and pelvic movements were assessed by visual
inspection.

5. Arm lifting test. (Fig. 8) The participant lifted a
dumbbell that corresponded to 20% of the body
weight. Elbows were flexed to 90° and participant
breathed naturally in this position. The assessor
palpated bilaterally the abdominal wall activation
first in trigonum lumbale, then above the groin.
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Fig. 8. Arm lifting test. A. Optimal pattern. Ribcage in neutral posi-
tion, thoracolumbar junction stable, symmetrical expansion of abdom-
inal wall. B. Pathological stereotype. Chest elevation, thoracolumbar
instability. hyperlordosis of the lumbar spine.

Spinal or pelvic movements were assessed visu-
ally.)

All DNS tests were performed according to the de-
tailed procedures described by Kobesova et al. 2020,
which include all signs of optimal and abnormal pre-
sentations [13].

2.5, DNS Brace measurements

The DNS Brace was applied by another clinician
and was attached around the participant’s trunk. The
activity of the abdominal wall was monitored during
the same five DNS tests and in the same order as with
the subjective assessment. The same instructions were
given for DNS Brace measurement as for the subjective
testing. The sensors were always calibrated to () kPa in
resting exhalation position prior to each measurement.
Afterwards the participants were instructed to take two
natural breaths and then the test was performed and
the abdominal wall activity recorded. A total of 3 to 7
breathing cycles were recorded (recording time was be-
tween 6 to 20 seconds depending on individual breath-
ing speed). Afterwards, the average pressure against
all four sensors was calculated and used for correlation
with the subjective clinical assessment. The assessors
were not allowed to view results received from the DNS
Brace measurements nor were they allowed to consult
each other during testing.

2.6. Statistical analysis

Descriptive data were calculated, including means
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Table 2
Interrater reliability of different DNS tests using palpation and observation (1CCz )
Palpation Observation
DNS test ICC 95% CI Sig ICC 95% CI Sig

1-Breathing stereotype  0.446 (—0.258,0.756) 0.078 0.695* (0.308, 0.866) 0.003
2-1APRT 0.707* (0.334, 0.871) 0.002 0.835"* (0.626, 0.927) 0.000
3-Diaphragm test 0.646* (0.197, 0.844) 0.007 0.668* (0.246, 0.854) 0.005
4-Hip flexion test 0.645* (0,194, 0.843) 0.007 0.577* (0.04,0.814) 0.020
5-Arm elevation 0.308 (—0.570, 0.695)  0.187 0.464 (—0.217,0.764)  0.067

Note: DNS = Dynamic neuromuscular stabilization; ICC = Intraclass correlation coefficient; IAP = Intra
abdominal pressure regulation test; Both examiners were trained DNS professionals. *Denotes: Moderate

reliability. **Denotes: Good reliability.

Table 3
Correlations of DNS instructor values with average DNS brace values in five DNS tests (mean |standard deviation])
Palpation Observation
DNS test DNS brace average values Score Spearman r, Sig Score Spearman r 4 Sig
DNS Assessor |
1-Breathing stereotype 4.89 (3.18) T0.28 (19.43) 0.443 0.026 65.56 (20.85) 0.290 0.159
2-1APRT 12.19 (8.47) 84.12 (14.27) 0.580 0.002* 76.88 (16.25) 0.380 0.061
3-Diaphragm test 11.73(9.11) 76.16 (17.06 0.543 0.005* 71.32 (16.86) —0.105 0.616
4-Hip flexion test 6.28 (5.52) 65.44 (19.53 0.338 0.009* 70.20(17.34) —0.039 0.852
5-Arm elevation 9.44 (8.80) 77.12 (14.12 0.303 0.142 75.80 (10.91) 0.472 0.017
DNS Assessor 2
1-Breathing stereotype 4.89 (3.18) 43.60 (13.32 0.625 0.001* 41.68 (15.87) 0.342 0.094
2-TAPRT 12.19 (8.47) 53.40 (20.58 0.776 < 0.001* 47.60 (19.35) 0.475 0.016*
3-Diaphragm test 1173 (9.11) 52.40 (16.83 0519 0.008* 49.64 (21.75) 0.540 0.005*
4-Hip flexion test 6.28 (5.52) 47.20 (13.00 0.536 0.006* 45.68 (15.23) 0.485 0.014
5-Arm clevation 9.44 (8.80) 46.08 (15.79 0.460 0.021* 45.68 (20.43) 0.451 0.024*

Note: DNS = Dynamic neuromuscular stabilization; IAPRT = Intra-abdominal pressure regulation test; Both examiners were trained DNS
professionals. *Statistically significant correlation (Bonferroni Correction I < 0.025).

and standard deviations (SD) for each DNS assessor’s
palpation and observation using the VAS, and the DNS
brace values. Interrater reliability was determined us-
ing intraclass correlation coefficients (ICC, k) and their
95% confidence intervals (CI) between the two DNS as-
sessors’ measures of either palpation or observation for
all five DNS tests based on a mean-rating (& = 2), con-
sistency, 2-way random model. Reliability was defined
as poor (ICC < 0.50), moderate (ICC 0.50-0.75), or
good (ICC > 0.75). Spearman’s rank order correlations
were used to analyze the relationship between different
DNS assessors measures with the average DNS Brace
values. The strength of correlations were interpreted as
weak (< 0.3), moderate (0.4-0.6), or strong (> 0.7),
as reported by Akoglu [25]. The alpha level used for
significance, with Bonferroni corrections, was set a pri-
ori at p < 0.025. All data was analyzed using SPSS
statistical package v26 (SPSS Inc, Chicago, IL).

3. Results

Descriptive data for all participants are presented in
Table 1. Not all variables were normally distributed, as
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assessed by Shapiro-Wilk’s test (p < (.05). Interrater
reliability ICC estimates are shown in Table 2. For pal-
pation, moderate reliability was demonstrated duirng
three DNS tests: Hip flexion test, Diaphragm test, &
IAPRT (ICC = 0.645-0.707). For observation, mod-
erate reliability was again demonstrated in three tests:
Hip flexion test, Diaphragm test, & Breathing Stereo-
type (ICC = 0.577-0.695) while a good reliability was
found in TAPRT (ICC = 0.835).

All correlational data with 95 % confidence intervals
are presented in Table 3. For DNS Assessor 1, palpa-
tion demonstrated moderate correlations between the
DNS brace values with IAPRT, r, (23) = 0.580, p =
0.002 and the Diaphragm test, r; (23) = 0.543, p =
0.005 while observation demonstrated a lower correla-
tion with the Arm Elevation test, r; (23) = 0472, p =
0.017. For DNS instructor 2, palpation demonstrated
a strong correlation for for IAPRT, r, (23) = 0.776,
p < 0.001 and modetate correlations for the Breathing
Stereotype, rs (23) = 0.625, p = 0.001, Diaphragm
test, ry (23) = 0.519, p = 0.008, and Hip Flexion test,
rs (23) = 0.536, p = 0.006. A lower correlation was
demonstrated with the Arm Elevation test, 7, (23) =
0.460, p = 0.021. Observation for DNS Assessor 2
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demonstrated moderate correlations in the Diaphragm
test, s (23) = 0.540, p = 0.005, IAPRT r, (23) =
0.475, p = 0.016, Hip Flexion test, r. (23) = 0.485,
p = 0.014, and Arm Elevation, r, (23) = 0451, p =
0.024.

4, Discussion

Trunk stabilization analysis is critical part of clini-
cal assessment. Postural function is closely related to
movement and locomotion; mobility and stability form
a functional unit that is under the constant control of
central nervous system [26]. Another function closely
related to trunk stabilization is respiration. The respira-
tory stereotype affects trunk muscle coordination and
modifies the movement [27] therefore specific breath-
ing instructions form a critical part of many stabiliza-
tion exercise protocols [28,29]. Some studies indicate,
that impaired postural control is associated with chronic
low back pain [30]. Trunk stabilization training is of-
ten applied to treat and prevent back pain and other
musculoskeletal problems and injuries [31].

The first step to analyze the influence of postural
stabilization training on movement performance and
musculoskeletal pain is to define the optimal pattern
of postural stabilization. Due to extreme postural vari-
ability the exact definition of optimal posture is still
ambiguous with each author defining the ideal posture
differently [32-34]. One concept that aims to define op-
timal postural stabilization is Dynamic Neuromuscular
Stabilization [35]. This DNS concept derives an ideal
stabilization stereotype from genetically predetermined
developmental patterns observed during normal early
human ontogenesis. DNS offers a set of a functional di-
agnostic tests and evaluation to monitor a patient’s pos-
ture | 13]. However, the reliability of DNS clinical tests
has not been demonstrated yet. This study correlates
subjective assessment via five DNS tests performed by
two experienced DNS clinicians with objective mea-
surement of abdominal wall activity using new device
called DNS Brace. The correlation between the sub-
jective DNS assessments and objective measurement
of abdominal wall expansion may help to determine
the reliability of clinical DNS tests. At the same time
this study reports interrater reliability for the five DNS
tests. Additionally, this study introduces a new, simple
and non-invasive device to measure the activity of the
abdominal wall.

For both palpation (ICC = 0.707) and observation
(ICC = 0.835) assessments, the IAPRT test demon-
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strated the best reliability between assessors. We iden-
tified moderate interrater reliability for both palpation
and observation for the Diaphragm and the Hip Flex-
ion test. Considering the complexity of DNS assess-
ment, which emphasizes much detail and nuance both
in palpation and observation assessment, the findings
of moderate-good ICC’s for 3/5 DNS tests was encour-
raging. These findings are similar to other well estab-
lished systems, such as Mechanical Diagnosis and Ther-
apy (MDT), where reported inter-rater reliability ranges
from (.11 to 1.00 [36]. Much more reasearch is needed
to establish the relevance of DNS testing both in normal
cohorts and in populations with various musculoskeletal
problems.

The results of this study confirmed a positive corre-
lation between objectively measured expansion of the
abdominal wall and subjective palpatory assessment of
postural trunk muscle function according to the DNS
approach. For assessor 1, statistically significant corre-
lation was 1dentified for three DNS tests (IAPRT, Di-
aphragm and Hip Flexion test) and for assessor 2, palpa-
tion significantly correlated with all 5 DNS tests Brace
measurements. The increase in pressure against the sen-
sors was the highest in the situations when the measured
participant was instructed to activate the IAP, i.e. when
he or she had to push specifically against the sensors
above the groin (IAPRT; average pressure = 12,19 kPa)
or against the sensors placed in trigonum lumbale (di-
aphragm test; average pressure = 11.73 kPa). The third
highest value was recorded during the arm clevation
test holding the weight (average pressure = 9.44 kPa).
The hip flexion test required 6.28 kPa average pressure
increase only, yet such change was appropriately rec-
ognized by palpating assessors. During all these tests
positive correlation between subjective and objective
assessment was confirmed. The only exception was the
breathing stereotype test where significant correlation
between objective DNS Brace testing and subjective
palpatory assessment was reached in one assessor only
(see Table 2). During the breathing stereotype test the
lowest average pressure increase (4.89 kPa) was mea-
sured by DNS Brace. It can be assumed that the smaller
the change in the activation, the more ditficult it is to
estimate the amount of change by mere palpation.

Based on these results, instructed activation tests such
as IAPRT or the Diaphragm test appear potentially use-
ful in evaluating trunk stabilization function in clini-
cal practice. Still, such tests need to be supplemented
by further examinations for definitive clinical decision
making. Surprisingly, lifting the weight corresponding
10 20% of the participant’s body weight evoked less pos-
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tural stabilization activity than an instructed increase in
IAPRT. Apparently, in healthy individuals such weight
does not require much activity of the abdominal wall.
This result further supports the study published by Es-
sendrop et al. who report TAP increase from 0 to 40%
when holding a load of 15% body weight [4].

The DNS Brace measures both voluntarily controlled
and automatic subconscious postural activation. We can
either instruct the individual to activate their abdominal
wall pushing against the sensors, thus the brace can also
be used for feedback training or we can monitor spon-
taneous level of activation during various movements.
Both situations may be convenient in clinical practice
and in research. Advantages of using the DNS Brace lie
in it’s fixed position of all 4 sensors that maintains con-
tact with the trunk allowing the assessment in various
positions and when moving. Such modifications may
not be available when using other devices designed to
measure and train abdominal muscles and lumbopelvic
stability such as a Pressure Biofeedback Unit [37] or
ultrasound which analyze mainly local activation of the
abdominal muscles. The information from the four DNS
Brace sensors is a more global monitoring of abdominal
muscle co-activation. Also, it is very easy to apply the
DNS Brace and to record and analyze results. Unlike
electromyography, ultrasound or direct IAP measure-
ment techniques, there is no need for special personnel
training.

The entire assessment took approximately 8 minutes
with each assessor, i.e. 24 minutes all together (2 sub-
jective assessments + DNS brace assessments). The
measurement order between assessor 1, 2 and DNS
Brace was random to exclude the influence of any mo-
tor learning. The participants considered the exami-
nation to be both physically and mentally easy. The
DNS Brace measurement starts from a fully relaxed
state that does not require any pre-tensioning. In a study
using a Pressure Biofeedback Unit, participants were
instructed to maintain the target pressure range (40 £+
10 mmHg) [38]. This may exclude some individuals
who are unable to reach such starting pressure. The
DNS brace does not require any minimum prerequisite
pressure to start the measurement, making the proce-
dure simple, convenient and clinically useful. The DNS
Brace measurement range is 0 to 500 kPa. The values
measured by the brace are absolute thus comparable in
time or among raters.

Correlation and statistical significance for palpation
was in most cases better than that for observation. Pal-
pation is an integral skill forming the vital component
of many hands-on clinical examinations [39] including
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DNS concept. The results of this study support the use
of the DNS tests described above when performed by
skilled DNS clinicians, In this study the tests were eval-
uated by experienced DNS clinicians with more than
five years clinical experience. This is an important as-
pect to consider since the palpation accuracy is closely
related to examiner’s experience and training [40]. To
our knowledge this is the first study correlating subjec-
tive assessment of postural function of the trunk mus-
cles with objective measurement of the abdominal wall
expansion. The inspection should rather be complemen-
tary to palpation.

Future studies should investigate the correlation be-
tween abdominal wall expansion and direct IAP mea-
surement to find out if DNS brace can actually replace
invasive and uncomfortable techniques of direct IAP
monitoring such as intravesical, anal or vaginal pressure
measurements. Also, inter- and intra-rater reliability for
DNS Brace needs to be established. Finally, the rela-
tionship between LBP and abdominal wall expansion
needs to be explored as well as the effect of abdominal
wall training. In the future DNS Brace may become a
useful clinical and research tool.

There are some limitations to this study. First, this
study was done in asymptomatic individuals. It is un-
known if such DNS tests would show similar results in
LEBP patients or in individuals with other musculoskele-
tal disorders. Future studies in patients with LBP are
warranted. Second, the average pressure against all four
sensors was calculated and used for statistical analysis
and the symmetry of the abdominal wall expansion was
not considered. The brace could not be properly used in
one extremely slim individual who had to be excluded
from the study. In the future, smaller versions of DNS
Braces will be constructed. Finally, DNS tests were as-
sessed by DNS professionals (DNS instructors) with
more than 5 years DNS experience. Future research
could compare novice pracitioners with experienced, to
learn differences.

5. Conclusion

Based on interrater reliability and DNS brace cor-
relations with trained DNS professionals, the IAPRT,
Diaphragm test, and Hip Flexion test may be useful
for clinicians when assessing normal individuals. More
research is needed in order to establish the utility of
DNS brace and DNS clinical testing both in normal and
back pain populations.
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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, Karo{g’na Sobotova, MD,
Yvona Angerovd, MD, PhD, Ondrej Narika, 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
superficial 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 wrist’hand 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
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he prevalence of disabling wrist’hand pain among the

working population reaches up to 36.2%." The spectrum
of chronic wrist’hand pain is quite 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/ftechnical planning of the
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intervention alike.** Necdless 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 miscellaneous 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
artery.”™"" 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) lincar 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 arrowhead) interface (E) and the median nerve—flexor 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, ). 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 mm?) (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 ¢cm proximal in the forcarm, 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-inlet—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 stiffer in CTS patients, 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 colot/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 frechand 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.lww.com/PHM/B224) 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,-03), and 5% dextrose have been used in the liter-
ature as well.* ** 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 mjections 2 cm proximal and 23 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 tenderness, 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 (Al). 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-AS) and three
cruciform (C1-C3) ligaments for the second to fifth digits and

Proximal

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. Al
pulley is located anterior to the metacarpal head. The A2 over-
lies the middle third of the proximal phalanx but may extend
more proximal or distal. Tt is the strongest pulley and arises from
the longitudinal ridges on the phalanx’s palmar aspect (Fig. 2A).%
A3 is a narrow pulley lying palmar to the proximal interpha-
langeal joint, and A4 and A5 overlie the middle phalanx and
the distal interphalangeal joint, respectively. Variations occur
frequently, though. A1, A3, and A5 pulleys insert onto the vo-
lar plate, whereas A2 and A4 insert directly on the bone *® His-
tologically, the pulley system consists of a deep synovial
component and a superficial retinacular component. Flexors
digitorum superficialis and profundus and flexor pollicis longus
tendons are enveloped in two synovial sheaths at the flexor reti-
naculum level and distally reach about halfivay along the metacar-
pal bones, where they end as blind diverticula. In the little
finger and the thumb, the sheaths are usually more extended.®

US Imaging and Guided Injection Technique

The patient is seated face to face to the examiner with the
affected hand in a palm-up position. The transducer is placed
along the finger’s long-axis to visualize the flexor tendons as a
hyperechoic fibrillar structure superficial to the metacarpals/

phalanges. Annular pulleys are seen as hypoechoic thickening
of the volar aspect of the tendon sheath (Fig. 2B). Subsequently,
transverse scanning should also be performed to rule out other
pathologies potentially mimicking TF (Video 3, Supplemental
Digital Content 3, http:/links.lww.com/PHM/B226). Afier static
imaging, (passive) dynamic examination during flexion/extension
of the finger should be performed (Videos 4 and 5, Supplemen-
tal Digital Content 4 and 5, http:/links.lww.com/PHM/B227,
http://links. Iww.com/PHM/B228) to complete the functional as-
sessment. In TF, pulley swelling/thickening or effusion inside
the synovial sheath may be present. [n addition, tendon thicken-
ing and abnormal tendon motion associated with friction pat-
terns are typical US findings.>’

Various injection techniques have been reported in the lit-
erature. Owing to the highly innervated and sensitive palmar
skin, some authors even recommend using the interdigital web
skin for the needle entry point as a less painful alternative.®
While planning for the intervention, power Doppler imaging
would again provide clear identification of the neurovascular
bundle (proper digital nerves and vessels) to be avoided. During
the injection, a thin (e.g., 27-gauge, 19-mm) needle is preferred
to reduce the procedure-related pain. With the transducer placed
in a longitudinal, oblique plane on the palmar side, the needle
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,
and the injectate is delivered into the intrasheath space under-
neath the affected pulley (Fig. 3A-E).

Exemplary Evidence

Corticosteroid injections improve TF by reducing flexor
tendon and Al pulley inflammation, with the documented re-
sponse rates being between 45% and 80%.%° A meta-analysis
on treatment success showed better short-term effects of corti-
costeroid injections combined with lidocaine than lidocaine
alone.* Shultz et al.*' reported better success of corticosteroid
injections (1 mo after the procedure) in patients with mild trig-
gering than those with severe findings. Furthermore, the suc-
cess rate was lower in cases with multiple digit involvement.
The outcome was reported to be poorer in patients with coexisting
diabetes and inflammatory conditions.** The long-term effective-
ness of corticosteroid injections is possibly not as favorable as
surgery; however, 37%—56% symptom relief has been reported
in paticnts presenting with TF for as long as 10 yrs.#44

In a study that included 124 trigger digits (119 patients),
Rozental et al.*” found a symptom recurrence rate of 56% at
a median of 5.6 mos after the injection as well as higher rate
of treatment failure in diabetic patients. According to one study,
US guidance showed an accuracy of 70% with regard to
intrasheath placement of steroids when compared with the rate
of 15% for landmark-guided injections.*” Concerning the cor-
ticosteroid preparation, Roberts et al.*® reported a higher need
for additional injections when triamcinolone was administered
in contrast to dexamethasone or methylprednisolone. US-guided
A1 pulley release is another procedure that can be performed.
Significant pain reduction and functional improvement were
reported in 98% of patients, with no recurrence of catching/

locking in the first year of follow-up.*” Compared with open sur-
gery, US-guided treatment resulted in shorter sick leave and better
cosmetic results, without any major complications.*®

DE QUERVAIN TENOSYNOVITIS

de Quervain disease (DQD) was first described in 1895 by
Fritz de Quervain (1868-1940) as a common cause of radial-sided
wrist pain.® It is an inflammation of the abductor policis longus
(APL) and/or extensor policis brevis (EPB) tendons, and their
tendon sheaths confined within the first dorsal compartment at
the level of the radial styloid. Several anatomic variations (e.g.,
subcompartmentalization or accessory abductor pollicis longus)
are commonly seen in this extensor compartment (Fig. 4C). As
such, (US) imaging is necessary to understand the local
anatomy/relevance of the findings and to plan the likely inter-
vention accordingly.

Anatomy

In general, the normal anatomy of the first extensor com-
partment describes the APL and EPB as a single tendon enveloped
in a common extensor sheath running through a single
fibro-osseous tunnel deep to the extensor retinaculum. How-
ever, this compartment shows a high anatomic variability with
significant implications for DQD and the pertinent injections.
One possible variation to be considered before the injection
would be the presence of multiple compartments divided by
septae, which was actually reported to be more prevalent in pa-
tients with DQD when compared with healthy individuals.*
The septum usuailg{ creates a separate narrow compartment for
the EPB tendon.”” Regarding the tendinous anatomy, EPB is
usually described as a single tendon inserting on the thumb’s
proximal phalanx. However, multiple EPB tendon slips with

Radius

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 retmaculum 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 afier
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
triameinolone > In 2007, Sawaizumi et 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

Scaphoid

Radius

Radius

Healthy Side Pathological Side

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 an in-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 (7.3 mos) results in 91% of patients who re-
ceived two US-guided corticosteroid injections. US was shown to be
important 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 g)rev-
alent in postmenopausal women and in clderly patients.®” Tts
diagnosis is based on clinical evaluation, radiographic, and
US examination.

Proximal

onimal
p——

ey S T S -

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 clearly 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).%

Trap = Trap

FIGURE 6. The cadaveric specimen—with an intemnal view—shows the triangular-shaped joint (black line) between the trapezium (Trap) and the
proximal end of the first metacarpal bone (I 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 external view—shows the tendons of the first extensor compartment (black asterisks) and the radial
artery (red arrowheads) partially “covering” the trapezium—l 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)-l 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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Transverse Carpal
Ligament

Trapezium

| Metacarpal \-—;ﬂ"‘

Bone

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 muscles 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 poor-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 therap7y
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 (e.g., distal
radius/scaphoid fracture, scapholunate ligament injury) as well
as an cxistiné;fear]y inflammatory condition (e.g., rheumatoid
arthritis).°®7® US examination of the radiocarpal joint can re-
veal pathologic findings such as joint effusion, synovial thick-
ening, cortical irregularities, or formation of osteophytes.®
Conservative treatment is usually initiated with anti-inflaimmatory
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 (25 mm thick disc), composes a part of the tri-
angular fibrocartilaginous complex. Triangular fibrocartilaginous
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Distal

Lunate Scaphoid

FIGURE 8. The cadaveric specimen—with an internal 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 of the 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
1s 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 approach 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
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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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Sonography of the anterior cruciate ligament revisited

Dear Editor,

We have read with interest the article entitled “Ultrasound (US)-
guided aspiration of anterior cruciate ligament mucinous cysts in the
posterior intercondylar notch: Technique and short-term outcomes™!
We would like to congratulate the authors for their work in describing
the nonoperative management of mucinous cysts associated with
theanterior cruciate ligament (ACL). This excellent article also draws
attention to the ultrasound examination of the ACL. However, the
authors reported that only one out of 13 patients had an US examina-
tion prior to MRI of the knee. We would like to emphasize the role of
an initial US evaluation, which is less expensive than magnetic reso-
nance imaging (MRI), more accessible and allows for dynamic testing.
In addition, US evaluation has shown a high diagnostic performance
to detect ACL injuries as reported in the recent systematic review
with meta-analysis.?

We would also like to mention a common pitfall in the US evalua-
tion of ACL. Anatomically, the ACL descends anterolaterally, twisting
itself toward its attachment onto the tibia's anterior intercondylar
area. The distal part of the ACL is usually separated in two bundles
named according to their tibial attachments as anteromedial and pos-
terolateral (Figure 1A). Of note, the two bundles have different bio-
mechanical properties in terms of tension patterns. The ACL is
covered anteriorly by a fat pad which occupies the infrapatellar space

deep to the patellar ligament (Figure 1B). The Hoffa's fat pad consists

of a framework of vessels and fibrous tissue resulting in a complex
echotexture as commonly seen on US images. An important structure
to note anterior to the ACL is the ligamentum mucosum (infrapatellar
plica), which extends from the distal femur distally and anteriorly
through Hoffa's fat pad to be attached to its central body. In a cadav-
eric study, the infrapatellar plica was reported to be present in 65% of
specimens.®

The evaluation of ACL may be challenging, especially for inex-
perienced physicians.* For the US evaluation of the ACL, the
patient is placed in the supine position, with maximal flexion of the
knee. The probe is first placed along the patellar tendon and then
slightly rotated along the course of ACL (30° clockwise for the left
knee and 30° counterclockwise for the right knee). The ACL can be
visualized as a hyper to hypoechoic (depending on the level of
anisotropy) band-like structure beneath the Hoffa's fat pad
(Figure 2A). Sometimes it is difficult to distinguish between the
ACL and fibrous tissue septa or the infrapatellar plica within Hoffa's
pad (Figure 2B).

We support the utilization of US for screening ACL disorders,
provided the proper scanning technique as described above is used. A
limitation of the US evaluation of the ACL is that only the mid and dis-
tal portions can be readily visualized. Another limitation is that not all
patients presenting with knee pain are capable of the knee flexion
that is necessary to obtain adequate images.

FIGURE 1 Cadaveric specimens of
the knee showing normal anatomy. A,
ACL, anterior cruciate ligament; PCL,
posterior cruciate ligament; AM,
anteromedial part of ACL; PL,
posterolateral part of ACL. B, HFP,
Hoffa's fat pad; ACL, anterior cruciate
ligament posterior to Hoffa's fat pad

248 © 2021 Wiley Periodicals LLC

wileyonlinelibrary. com/journal/jcu
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FIGURE 2 Sonograms of the knee
joint. A, Longitudinal sonogram of ACL
with colored diagram. The position of the
probe is shown in inset. P, patella; T, tibia;
ACL, anterior cruciate ligament. B,
Longitudinal sonogram of Hoffa's pad
with colored diagram. The position of the
probe is shown in inset. P, patella; T, tibia,
asterisk, ligamentum mucosum mimicking
the anterior cruciate ligament
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Ultrasound Scanning to Treatment
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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, neurcmobilization/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-guid , 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

1 May 2021 | Volume 12 | Article 661441
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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 II, 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 (RIC,
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 taut 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 11, 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.
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FIGURE 1 | Possible sites of compression of the ulnar nerve at and around
the elbow: {1) the medial intermuscular septum of the arm, (2) arcade of
Struthers, (3) cubital tunnel, and (4) connactive tissus between flexor carpi
ulnaris and flexor digitorum superficialis muscles. RTC, retroepicondylar
groove; HUA, humerculnar aponeurctic 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

May 2021 | Volume 12 | Article 661441
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proximal

proximal

anterior

triceps brachii

FIGURE 2 | Course of the ulnar nerve in the arm. (A) Relationship of the ulnar nerve (U) and the medial septum (WIS). 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 nerve is covered by muscular
fibers of medial head of triceps brachii muscle, which begins on the medial intermuscular septum. {(C) Transverse section of midarm depicting the relationship between
ulnar nerve {U) and medial intermuscular septurn (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 arrow, medial intermuscular septum.

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 brachil muscle tendon; BV, brachial vein; CFT, common flexor tendon; FCU, flexor carpi ulnaris muscle; ME,
medial epicondyle; ole, clecranon; U, ulnar nerve; black arrow, medial collateral ligament, posterior bundle; white arrow, retroepicondylar retinaculum.

anterior

BV
BV BA
BT

B =

lateral

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

Frontiers in Neurclogy | www.frontiersin.org

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).

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

3 May 2021 | Volume 12 | Article 661441
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aponeurosis; red arrow, intermuscular connective tissue between FCU and FDP.

FIGURE 4 | Cubital tunnel. {A) View on proximal part of the cubital tunnel with humeroulnar aponeuratic 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 retrospicondylar retinaculum is transsected (white arrow). (B) Ulnar nerve exiting the cubital tunnel to forearm. 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 biue arrows). (1) flexor carpi ulnaris muscle, humeral head; {2) flexor carpi ulnaris muscle, ulnar head; HUA,
humerculnar aponeurotic arcade; Brachiorad, brachicradialis muscle; FCU, flexor carpi ulnaris muscle; FDP, flexor digitorum profundus muscle; FDS, flexor digitorum
superficialis muscle; ole, olecranon; PrT, pronator teres; U, ulnar nerve; blue arrow, intermuscular connective tissue between FCU and FDS, deep flexor pronator

anterior

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, e.g., 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
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flow and axoplasmic transport inside the nerve might trigger
swelling. If the 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
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

the nerve

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
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flexor tendon; ME, medial epicondyle.

FIGURE 5 | Ultrasound (US) imaging of the ulnar nerve (U) at the level of the medial epicondyle (ME) in a patient with symptomatic ulnar nerve dislocation. Both
longitudinal {A) and short-axis (B) views clearly demonstrate a close contact between the ulnar nerve and commen flexor tendon origin. U, ulnar nerve; CFT, comman

in patients presenting with cubital tunnel syndrome (34, 35).
Patients sometimes describe having difficulties with typing on
a keyboard, buttoning buttons, and opening bottles. However,
more contributory (motor) findings suggesting UN damage
are often absent initially (e.g., atrophy and weakness of the
intrinsic hand muscles). The broad differential diagnosis even
mounts diagnostic challenges, covering Guyon canal syndrome,
carpal tunnel syndrome, C7 or C8 radiculopathy (sometimes
coexisting with UNE), brachial plexopathy, or Pancoast’s tumor
invading its medial cord, generalized polyneuropathy, and
tendinopathy (36). The UNE is often misdiagnosed as a golfer’s
elbow due to an intimate relationship between UN and the
common flexor tendon (CFT) origin. Notably, in a case of UN
instability, the nerve can be directly overlying the CFT during
elbow flexion (Figure 5). In more severe cases, weakness and the
UN’s innervated muscle wasting can be apparent (the first dorsal
interosseous muscle in particular).

Further characteristic findings of severe UNE are clawing
of the ring and small fingers (also known as Duchenne’s
sign), Wartenberg’s sign (involuntary abduction of the little
finger), and a positive Froment’s sign (weakening of the pinch
grip between the thumb and index finger). Several diagnostic
provocative tests aid in diagnosing UNE, e.g.,, the Tinel test
at the retroepicondylar groove and the elbow flexion test with
wrist extension. Additional shoulder internal rotation has been
reported to increase sensitivity and specificity (24). Furthermore,
impairment of two-point discrimination of the ring/small fingers
can also be present. For assessing of the dislocating UN,
sometimes, the nerve snapping beneath the fingertips anterior
to the ME during elbow flexion can be perceived. The clinical
severity is widely evaluated using McGowan’s classification:
Grade 1, intermittent subjective symptoms with or without mild
hypoesthesia; Grade 2, remarkable sensory loss and measurable
motor weakness of ulnar intrinsic hand muscles (both lumbrical
and interosseous muscles); and Grade 3, persistent severe
sensorimotor deficits with muscle wasting (37).

Electrodiagnosis represents a useful tool for diagnosing UNE,
determining the site of entrapment and disease severity (from
mild to demvyelinating or axonal), aiding in prognosis, and
ruling out alternative diagnoses (e.g., carpal tunnel syndrome
or radiculopathy) (38). The following techniques can be used:
motor nerve conduction studies (MNCSs), short segment motor
studies (SSMSs), sensory nerve conduction studies (SNCSs),
and needle examination. UN MNCS is a commonly performed
method. As the length of the standard MNCS measured segment
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is 10 cm, a small lesion typical for UNE can be missed because
of the dilution of the short abnormal segment in a much longer
unaffected measured segment. Therefore, another method called
SSMS (inching) technique is used to reveal the UN'’s focal damage
more precisely. The elbow should be flexed to 90°, to prevent
slack of the UN, which occurs when the elbow is fully extended
and leads to an apparent slow conduction velocity across the
elbow (39). The inching method evaluates short segments (most
often 2 cm blocks) of the UN from under the elbow to above
the elbow. This method’s advantage is the precise localization of
the nerve damage, which is important because it can influence
decision making on whether conservative or surgical treatment
is more beneficial (40). On the other hand, this method is
technically more difficult, and despite the higher sensitivity, this
method is rarely used in clinical practice. Some studies presented
normative and reference values for SSMS UN evaluation (31,
41). As sensory nerves are more sensitive to compression than
motor nerves, SNCS reveals pathology earlier than MNCS, but
it has low significance in the diagnostic process because of its
low specificity. Needle examination is important for ruling out
other nerve damage sites such as wrist, brachial plexus lesion,
or C8 radiculopathy. However, electrodiagnostic studies are not
contributory in assessing the morphology of the UN and its
surrounding tissues. A secondary cause of UN compression
(e.g., ganglion and heterotopic ossification) can be missed if an
imaging examination is not carried out.
Additionally, the (and
examination can lead to an erroneous diagnosis if an anomalous
present, e.g., Martin-Gruber or Marinacci
anastomosis (42, 43). These forearm interconnections between

clinical electrophysiological)

innervation 1is

the motor branches of the ulnar and median nerves account for
a prevalence of up to 39% of healthy individuals (44) and can
be sometimes identified with US imaging (45). To this end, US
or magnetic resonance imaging should be considered, mainly
if the diagnosis is in doubt. Conventional radiographs can be
beneficial in assessing for the cubitus valgus, bony deformities,
and space-occupying lesions (e.g., heterotopic ossification).

ULTRASOUND SCANNING TECHNIQUES
Device Settings and Patient Positioning

The images and videos in this section (except for the images of
exemplary pathology) were obtained using the Samsung UGEO
HM70A machine (Samsung, Seoul, South Korea) with a 3-
16 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 (Figures 4, 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 CSAs upper
cutoff value of 10 mm? at the ME level should be considered
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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 CSAp;:/CSAforeqrm 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 (Figure9D), 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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FIGURE 6 | Normal ultrasound images of the ulnar nerve. (A) Short axis. (B) Long axis. U, ulnar nerve; ME, medial epicondyle; arrowheads, retroepicondylar
retinaculum

Bv U
BA ™ latissimus dorsi
brachialis triceps brachii
BV

dorsal triceps brachii

pisiforme

FIGURE 7 | Proximal and distal tracking of the ulnar nerve starting from the retroepicondylar groove. (A) Midarm, arrowhead: medial intermuscular septum. (B)
Praximal midarm. (C) Flexor 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 (arowheads). FDP, flexor digitorum profundus muscle; FDS, flexor digitorum superficialis muscle; U, ulnar nerve; BA, brachial artery; BV,

brachial vein.

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. Nearly all studies demonstrated clinical improvement in
patient symptoms over time. However, the absence of adequate
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controls made it difficult to distinguish the natural amelioration
of cubital tunnel syndrome from the effects of therapy (61).

on the treatment of UNE
identified only two studies on the treatment of UNE using
approaches (62). Besides, it was not very clear

The latest Cochrane review

conservative
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.
Svernlév et al. (63) published one of the few clinical
trials evaluating the conservative treatment of cubital tunnel
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FIGURE 8 | Comparative ultrasound (US) imaging of the ulnar nerve (U) at the level of the medial epicondyle (ME) in a patient with cubital tunnel syndrome. When

compared with the normal 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 (€), 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; FGU, flexor carpi ulnaris muscle.

FIGURE 9 | Ultrasound images of the ulnar nerve exemplary pathologies. (A) Short-axis image at the level of the humeral medial epicondyle (ME) shows the ulnar
nerve (U) in an intimate contact with a ganglion (white arrowhead), likely derived from the triceps tendon. (B) A short-axis US image of the ulnar nerve situated just next
to the heterotopic ossification (HO). {C) The ulnar nerve short-axis image shows an accessory anconeus epitrochlearis muscle (asterisk), (D) A longitudinal US image
of the post-traumatic degenerative joint dissase 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 (U) shows an aberrant 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 Svernlév et al. (63), where night splints and nerve
gliding exercises did not add any benefit in addition fo 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 of the 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-
20" 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
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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 (e.g., 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 symptoms in 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 Priessnitz’s 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
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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 nerve’s 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 described before in detail. (C) Supine position for the ultrasound-guided ulnar nerve in-plane injection; the patient is positioned on the examination bed
with the elbow flexed and hand over 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
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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
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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 ME’s 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 silu decompression require a
longer incision (~6 cm). 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
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

subcutaneous and submuscular transpositions are

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 at least 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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FIGURE 11 | (A) In sifu decompression of the ulnar nerve in the cubital tunnel. (B) Anterior subcutaneous transposition —after wide decompression, the ulnar nerve is

transposed anteriorly under the cutaneous flap.

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 ¢m) 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
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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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ARTICLE INFO ABSTRACT
Keywords: Background: 'The abdominal muscles play an important respiratory and stabilization role, and in coordination
Intra-abdominal pressure with other muscles regulate the intra-abdominal pressure stabilizing the spine. The evaluation of postural trunk

Abdominal wall tension muscle function is critical in clinical assessments of patients with musculoskeletal pain and dysfunction. This
study evaluates the relationship between intra-abdominal pressure measured as anorectal pressure with objective
abdominal wall tension recorded by mechanical-pneumatic-clectronic sensors.

Methods: In a cross-sectional observational study, thirty-one asymptomatic participants (mean age = 20.77 =
3.01 years) underwent testing to measure intra-abdominal pressure via anorectal manometry, along with
abdominal wall tension measured by sensors attached to a trunk brace (DNS Brace). They were evaluated in five
different standing postural-respiratory situations: resting breathing, Valsalva maneuver, Miiller's maneuver,
instructed breathing, loaded breathing when holding a dumbbell.

Findings: Strong cotrelations were demonstrated between anorectal manometry and DNS Brace measurements in
all seenarios; and DNS Brace values significantly predicted intra-abdominal pressure values for all scenarios:
resting breathing (r = 0.735, 7= 0.541, p < 0.001), Valsalva maneuver (r = 0.836, 7= 0.699, p < 0.001),
Miiller's maneuver (r = 0.651, = 0.423, p < 0.001), instructed breathing (r = 0.708, P = 0.501, p < 0.001),
and loaded breathing (r = 0,921, r = 0.848, p < 0.001).

Interpretation: Intra-abdominal pressure is strongly correlated with, and predicted by abdominal wall tension
monitored above the inguinal ligament and in the area of superior trigonum lumbale. This study demonstrates
that intra-abdominal pressure can be evaluated indirectly by monitoring the abdominal wall tension.

Anorectal manometry
Respiration
Trunk stabilization

1. Introduction as lifting heavy loads (Cobb et al., 2005; Grillner et al., 1978). Hodges
et al. has confirmed that an increase in IAP alone without activity of
Spinal stability is secured by the bone structures, ligaments, and via abdominal or back muscles still enhances the stability of the lumbar
coordinated activation between spinal extensors and flexors and all spine (Hodges et al., 2005).
muscles regulating the intra-abdominal pressure (IAP) (Cholewicki and The amount of [AP can be measured by several different invasive and
McGill, 1996; Hodges et al., 2005). The diaphragm and pelvic floor form non-invasive methods. The most accurate is direct laparoscopic mea-
two pistons which push against each other increasing the pressure in the surement using an intra-abdominal catheter (Malbrain et al., 2006).
abdominal cavity. Contraction of the abdominal muscles resists lateral Indirect urethral measurement is considered to be the most frequent and
movement of the contents within the abdominal cavity (Chaitow et al., reliable method to monitor IAP; however, this can result in urinary tract
2014; Hodges, 1999). IAP is essentially a hydraulic pressure effective in infections or urethral injury, therefore, it is not often used in postural
all directions, stabilizing the torso and reducing axillary compression function research (Malbrain et al., 2013; Wise et al., 2017).
during activities that increase the demands on spinal stabilization, such In rehabilitation medicine, instrumental [AP measurement via rectal

* Corresponding anthor at: Department of Rehabilitation and Sports Medicine, Second Medical Faculty, Charles University and University Hospital Motol, V Uvalu
84, Prague 5 150 06, Czech Republic.
E-mail address: kuba-novak@seznam.cz (J. Novak).

https://doi.org/10.1016/j.clinbiomech.2021.105426

Received 27 January 2021; Accepted 9 July 2021

Available online 14 July 2021

0268-0033/€ 2021 The Authors, Published by Elsevier Ltd. This is an open access article under the C€C  BY-NC-ND license

(htp:/ /evcativecommens. orglicenses by ne ol /4.0/).

110



J. Novak et al.

or gastric probes are mainly used in experimental studies, and are not
typically used in routine clinical assessment (Malbrain et al., 2006).
Gastric or nasogastric tubes inserted into the stomach provide quite
accurate JAP measurements, however, it is quite uncomfortable for pa-
tients and an expensive method requiring highly trained personnel
(Grillner et al., 1978; Hodges et al., 2005; Wauters et al., 2012). Special
catheters or probes inserted into the rectum are used for anorectal
measurements. Such pressure sensitive devices convert mechanical
signals into electrical signals recorded and displayed on a computer
monitor (Pfeifer and Oliveira, 2006). Recently, thin electric probes have
become available. Smaller devices lead to fewer artifacts thus offering
more exact display and measurement. Small probes are easy to install,
temperature resistant, very sensitive to pressure changes and well
tolerated by patients, with infrequent side effects (Malbrain et al., 2006;
Sugrue et al., 2015). The disadvantage is the high purchase price (Pfeifer
and Oliveira, 2006). Such IAP recording has been reported in many
studies exploring IAP changes in various postural situations ([Lawabata
et al., 2010; Sapsford et al., 2013).

IAP measurement has also been combined with simultaneous elec-
tromyography or ultrasound assessments of core muscles. However,
these methods do not evaluate the global coordination of the trunk
muscles but rather local muscle activation. In addition, significant
inaccuracies during such recording have been reported (Henry and
Westervelt, 2005; Junginger et al., 2010).

In clinical practice, palpation of the abdominal wall tension (AWT),
especially in the area above the inguinal ligament and in the upper
trigonum lumbale is used to evaluate an individual's ability to regulate
their [AP (Kobesova et al., 2020). Available studies suggest that the AWT
occurs as a result of increased IAP (Cresswell, 1993; Kumar et al., 2012;
Tayebi et al,, 2021; van Ramshorst et al., 2011). Different types of
sensors have been used to measure the AWT during various postural
tasks related to IAP changes (Chen et al., 2015; Malatova et al., 2013,
2008; Novak et al., 2020; van Ramshorst et al., 2011). This study pre-
sents simultaneous recording of IAP measured as anorectal pressure and
AWT measured via four sensors attached to a trunk brace. In an attempt
to further understand the relationship between IAP and outward tension
of the abdominal wall, the purpose of this research was to compare
anorectal manometry measurements, largely considered the gold stan-
dard in ambulatory patients, with abdominal wall outward tension
measured by a trunk brace during clinical assessments.

2. Methods
2.1. Participants

Thirty-one asymptomatic volunteers were recruited for the study.
Written informed consent was obtained from each participant, and de-
mographic characteristics of the sample including age, weight, height
and BMI are shown in Table 1. Exclusion criteria were any symptomatic
neurologic, orthopedic, respiratory, internal or musculoskeletal disor-
der, spine or abdominal surgery, severe trauma during the last year,
pregnancy, and history of therapy focusing on IAP training. The study
conforms with The Code of Ethics of the World Medical Association and
was approved by an Institutional Ethics Committee (Ethics Committee of
the University Hospital Motol and 2nd Faculty of Medicine, Charles
University in Prague. No.1263.1.15/19; approval date: November 6,
2019). This study adhered to the Helsinki declaration.

Table 1
Participant’s anthropometric characteristics. N = 31, 15 males, 16 lemales.
Age (years) Height (cm) Weight (kg) BMI
Mean 21.3 170.5 63.2 24.1
SD 1.6 6.5 7.9 3
Min 19 160 47 17.3
Max 25 185 80 27.6
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2.2. DNS Brace

To monitor AWT, a special new device called DNS Brace was used
(Fig. 1 — A,C). The DNS abbreviation is derived from the rehabilitation
concept called Dynamic Neuromuscular Stabilization (DNS) (Kobesova
et al., 2019, 2016). DNS emphasizes the importance of TAP in spinal
stabilization and treatment. The diaphragm, pelvic floor and abdominal
wall muscles regulate the [AP (Hodges etal., 2007). IAP increases during
postural activity (Hodges and Gandevia, 2000), resulting in a contrac-
tion and expansion of the abdominal wall due to muscle activity.
Abdominal wall expansion and contraction result in pressure that
compresses the DNS Brace sensors. The Brace is an original device
produced by Ortotika, FN Motol V Uvalu 84, Praha. Four mechanical-
pneumatic-electronic sensors are placed on the inner wall of plastic
trunk orthosis. Two ventral sensors are located bilaterally above the
groin and two sensors are located on the brace parts adhering to latero-
dorsal sections of the abdominal wall (trigonum lumbale superius).
Silicon brace sensors contain the inner air-chamber that is deformed by
the abdominal wall pressure. The values recorded in kilopascals (kPa)
are transferred via Bluetooth, stored and graphically displayed in a
smart-phone device. More details about the brace can be found else-
where (Jacisko et al., 2020). The brace sensors measure the pressure
exerted by the abdominal wall in kilopascals (kPa) (Figs. 2. B, 3. B, 4. B)
and transfer the data via Bluetooth to a smart-phone or computer so the
data can be statistically processed and graphically displayed.

2.3. High resolution anorectal manometry

The intra-abdominal pressure was measured using the ManoScan™
AR HRM system (Given imaging, 15 Hampshire Street, Mansfield, MA
02048 US). It allows for complex assessment of anorectal pressures
(Fig. 1 — B,C). The anorectal probe is equipped with 12 channels each
measuring 12 circumferentially located spots thus recording pressures
from 144 points simultaneously. The diameter of the probe is 10 mm.
The pressure values are measured in mmHg (Figs. 2. A, 3. A, 4. A) and
transferred at 0.1 s intervals to a computer, where the data can be
further processed. The ManoView™ software color-visualizes the
measured pressures. Two distal sensors located behind the anal
sphincters in the ampulla of rectum monitor the IAP. The remaining 10
probe sensors record the pressures produced by the sphincters, Before
starting the measurement, the probe must always be calibrated to 0 at-
mospheric pressure and a ManoShield rubber protection must be fitted.
The probe records pressure in real time.

2.4. Assessments

The assessment of all participants was performed by the same ex-
aminers under similar conditions (time of day, assessment room, tem-
perature). All participants were first informed about the procedure in
detail. After calibration, the anorectal probe was inserted into the par-
ticipant’s anus in a side lying position. Then, the participant stood up
and the correct location of the probe was ensured. By activating the
sphincters, it was verified that the 2 distal sensors are located in the
rectal ampulla monitoring the IAP but not the activity of the sphincters
(McCarthy, 1982; Pfeifer and Oliveira, 2006; Shafik et al., 1997). Then,
DNS Brace was fixed to the participant’s trunk and the sensors were
calibrated to 0 kPa during the tidal exhalation prior to each measure-
ment. The dorsal sensors were adjusted to be placed bilaterally in the
superior trigonum lumbale, bellow the floating ribs, and the ventral
sensors were placed bilaterally above the groin at the intersection of the
mammilar and bispinal connecting line. Then, the participants were
instructed to maintain the upright standing position throughout the
whole measurement, avoiding increased spinal kyphosis, lordosis or
extremity movements. Five postural tests were performed by each sub-
ject and evaluated by DNS Brace and Anorectal manometry simulta-
neously in the same order. The anorectal pressure and AWT values were
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Fig. 1. A: DNS Brace, B: Anorcctal probe, C: Participant equipped with DNS Brace and anorcctal probe during assessment.
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Fig. 2. Example of graphical visualization of the measured pressures (A: anorectal manometry, B: DNS Brace) during Valsalva mancuver scenario. A minor delay in
DNS Brace measurement relative to ARM is caused by a minimal delay of AWT relative to IAP and by the fact, that DNS Brace measures AWT in 0.5 s. intervals while
ARM measures IAP in 0.1 s intervals. Additionally, brace sensors identify only pressure changes over 1 kPa. These factors may cause negligible inaccuracy. The
starting pressure before the maneuver is around 5 mmHg for ARM whercas the DNS system starts from zero and returns to zero after the mancuver. DNS Brace
automatically reset to zero starting pressure for user friendly reasons. This has no impact on the results because all indirect measurement techniques are able to
monitor the IAP changes rather than estimating the absolute IAP value (l'ayebi et al., 2021).

both collected for 10 s during each of the five scenarios, and the average 2) Valsalva maneuver: The participant was forcefully exhaling against
value of each measurement was used for statistical analysis. closed nostrils and mouth (Talasz et al., 2012, 2011).
The measured scenarios: 3) Miiller maneuver: The participant was forcefully inhaling against

closed glottis (Mattos Soares et al., 2009).
1) Resting breathing: The participant was breathing naturally in a 4) Instructed breathing (The diaphragm test): The participant was
standing position. expanding the abdominal wall pushing as much as possible against
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Fig. 3. Example of graphical visualization of the measured pressures (A: anorectal manometry, B: DNS Brace) during Miiller mancuver scenario.
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Fig. 4. Example of graphical visualization of the measured pressures (A: anoreetal manometry, B: DNS Brace) during resting breathing scenario.

all four sensors both during inhalation and exhalation ([{obesova
et al., 2020).

5) Holding a load of 20% of participant’s body weight in hands in front
of the trunk - loaded breathing (Fig. 1C).

2.5. Statistical analysis

Data analyses were conducted using the Statistical Package for the
Social Sciences v27.0 for Mac (IMBCorp, Armonk, NY).. Pearson’s cor-
relations and linear regression tests were used to assess the relationship
between the 10-s mean anorectal manometry values and DNS Brace
values under all five scenarios. Statistical significance was determined a
priori at p < 0.05, and power analyses revealed in order to achieve a
power of 0.80, 29 subjects were needed to identify a large effect size of
0.50 for Pearson's correlations, and 26 subjects were needed to achieve
a large effect size of 0.35 for linear regression analyses. The strength of
correlations were interpreted as weak (< 0.30), moderate (0.30-0.50),
or strong (> 0.50), and the strength of regression predictions were
interpreted as weak (< 0.02), moderate (0.15-0.35) or strong (> 0.35)
as reported by Cohen, 1988 (Cohen, 1988).
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3. Results

Preliminary analyses showed linear relationships, with no outliers as
assessed by scatterplots, but not all variables were normally distributed,
as assessed by Shapiro-Will’s test (p < 0.05). Data are mean + standard
deviation unless otherwise stated. Pearson’s correlations demonstrated
strong statistically significant positive relationships between anorectal
manometry pressures and DNS Brace pressures, under all five scenarios:
resting breathing: r(31) = 0.735, p < 0.001; Valsalva maneuver: r(31) =
0.836, p < 0.001; Miiller’'s maneuver: 1(31) = 0.651, p < 0.001;
instructed breathing: 1(31) = 0.708, p < 0.001; and loaded breathing: r
(31) = 0.921, p < 0.001 (Table 2). Simple linear regression models
established that anorectal manometry pressure could significantly be
predicted from the DNS Brace values under all five scenarios: resting
breathing: F(1, 29) = 34.14, p < 0.001; Valsalva maneuver: F(1, 29) =
67.42, p < 0.001; Miiller's maneuver: F(1, 29) = 21.29, p < 0.001;
instructed breathing: F(1, 29) = 29.14, p < 0.001; and loaded breathing:
F(1, 29) = 161.2, p < 0.001 (Figs 5 - 9). Table 3 depicts all results from
regression analyses.
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Table 2
Correlations between Intra-Anal Manometer and DNS Brace Pressures. Values
are Mean [Standard Deviation].

Condition Manometric probe DNS Brace Pearson Sig
pressure pressure r

1 Resling 22.73 [12.38] 20.34 [11.68]  0.735 <
Breathing 0.001°

2-Valsalva 17.20 [27.09] 3593 [20.191 0836 <
Maneuver 0.001

3-Miiller's 35.92 [24.96] 20.87 [10.45] 0.651 <
Maneuver 0.0017

4-Instructed 34.72 [17.45] 26,57 [15.05] 0708 <
Breathing 0.001*

5-Loaded 36.35 [21.16] 30,97 [25.86] 0921 <
Breathing 0.001

Note: DNS = Dynamic neuromuscular stabilization.
" Statistically significant correlation (P < 0.01).

4. Discussion
4.1. IAP measurement methods

Currently, various methods to measure the IAP are available. It can
be monitored directly via sensors located intraperitoneally or in the
inferior caval vein. Intra-vesical, intra-gastric intra-anal or intra-vaginal
recording allow to measure the IAP indirectly (Malbrain et al., 2006;
Wise et al., 2017). This study utilized intra-anal, i.e. measurement using
anorectal manometry, which has been determined the safest and easiest
method of assessment (Malbrain et al., 2013, 2006). Other methods
posed different challenges, such as intra-vesical catheters may cause
urinal infection and urethral trauma, intra-gastric measurement is un-
comfortable for participants, and intra-vaginal measurement would
exclude male participants. The intra-anal pressure measurement is a
reliable way to monitor the IAP, although it does not match with the IAP
as accurately as the intra-vesical pressure (Wise et al., 2017). There are
only a few inconveniences of intra-anal pressure monitoring such as the
presence of residual faeces, incorrect insertion of the probe and partic-
ipant’s embarrassment (Bhatia and Bergman, 1986; Pfeifer and Oliveira,
2006).

In a clinical practice, practitioners often palpate the abdominal wall
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assuming it to be a non-invasive and indirect way of [AP evaluation. The
abdominal wall expands with the IAP increase (van Ramshorst et al.,
2011). Palpation can be performed in the area above the inguinal liga-
ment and in the superior lumbar triangle (Kobesova et al., 2020). Poor
activation in these specific areas of the abdominal wall are commonly
found in individuals with low back pain (LBP) (Frank et al., 2013;
Kobesova et al., 2016). The same trunk sections were previously
assessed by other researchers when evaluating abdominal wall activity
in relation to IAP regulation (Kumar et al., 2012; Maldtova et al., 2013;
Novak et al., 2020). Therefore, the sensors are placed on the DNS Brace
in the parts adhering to the abdominal wall above the inguinal ligaments
and in the superior lumbar triangles. Here, only the attachments of the
flat abdominal muscles are located and therefore the abdominal wall is
easily accessible (Grevious et al., 2006).

Our in vivo correlations between IAP and AWT in asymptomatic
individuals are in line with the study by Ramshorst et al. previously
performed on corpses. Ramshorst used a special dynamometer to
monitor AWT resulting from IAP changes in corpses, in which the IAP
was changed artificially by insuftlation (van Ramshorst et al., 2011).
Ramshorst’s study reports that AWT reflects the IAP. The findings from
this study demonstrate significant correlations between the natural IAP
regulation and AWT in all five measured scenarios with Pearson’s co-
efficient ranging 0.651 to 0.921 which indicates strong correlations,
with the ability to predict the IAP from the measured tension values.

4.2. Changes in IAP in response to respiration and postural load

The findings of the current study support prior experiments reported
by Davis (Davis, 1959) and Chelewicki (Cholewicki et al., 1999), con-
firming that IAP increases with progressing demands on postural sta-
bility. The IAP increase results in the proportional activation of the
abdominal wall which can be objectively monitored by the sensors or
subjectively palpated in the area above the inguinal ligament and in the
superior lumbar triangle. In other words, these results confirm that
subjective palpation of the abdominal wall is an indirect evaluation of
IAP.

Breathing has been shown to considerably influence IAP, trunk sta-
bility and movement (Bradley and Esformes, 2014). In this study,
inhalation during resting breathing caused only slight increases in the
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Fig. 5. Simple linear regression analysis of anorectal manometry values (mmHg) and DNS Brace values (kPa) measured during resting breathing.
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Fig. 7. Simple linear regression analysis of anorectal manometry values (mmHg) and DNS Brace values (kPa) measured during Miiller maneuver.

IAP. During exhalation, the AWT and the IAP returned to the basic value.
This physiological fluctuation of IAP is normal within the respiratory
cycle. Permanent excessive resting IAP would cause organ function
failure (Cobb et al., 2005; De Waele et al., 2011; Smit et al., 2016). In
this study, the largest increase in the IAP was noted during the Valsalva
maneuver. Perhaps this is due to the fact that the muscles of the torso do
not have to perform a respiratory function during the Valsalva when the
air is not flowing out of the body, the intra-thoracic pressure increases
and the cranial displacement of the diaphragm is smaller than with a
normal exhalation (Talasz et al., 2012, 2011). During the Miiller ma-
neuver, the intra-thoracic pressure is significantly reduced, the
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diaphragm descends towards the abdominal cavity but no air flows into
the lungs (Kushida, 2013). In our study, Pearson’s correlation coefficient
was the smallest in this scenario (0.651) which was also the most
difficult task for the participants to understand and perform. The
instructed breathing represents the Diaphragm Test according to DNS
concept. The participants voluntarily expand the abdominal wall to-
wards all four sensors, keeping the abdominal cavity pressurized during
the entire respiratory cycle (Kobesova et al., 2020). With this scenario,
the participant must be able to combine the respiratory and postural
functions of the diaphragm, which is a frequent problem in clinical
practice (Kawabata et al., 2010; Shirley et al., 2003). It is speculated that
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individuals unable to do so maybe in a greater risk of developing LBP in
the future (Ostwal and Wani, 2014; O’Sullivan and Beales, 2007),
During the last scenario, the participants were holding a barbell of a
weight corresponding with 20% of body weight. This situation caused
less IAP increase than the Valsalva maneuver but more than resting and
instructed breathing and Miiller maneuver. Other studies also report
significant increases in abdominal muscle activity monitored by EMG
(Ershad et al., 2009; Mesquita Montes et al., 2017) and in the IAP
monitored by anorectal probe (Hodges et al., 2005; Tayashiki et al.,
2015) during posturally challenging situations. With normal resting
breathing, a decrease in the IAP during exhalation occurs. However,

there is only slight pressure fluctuation within the respiratory cycle with
postural loading when the IAP must be reflexively maintained on a
higher level throughout the whole respiratory cycle. In this test, the
correlation between the values obtained from the manometry and from
the DNS Brace sensors was the strongest (Pearson r = 0.921). When
holding a load, the stabilization strategy is purely reflexive, i.e. invol-
untary, and therefore diagnostically valuable in determining possible
risks associated with poor trunk stabilization.
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Table 3
Summary of Simple Regression Analyses for Predicting Intra-Anal Manometer
Pressure using DNS Brace Pressure (n = 31).

Condition B SEB R? Adjusted 95% CI Effect Size
R? ()

1 Resling 0.78 0.13 0.54 0.53 0.51, 1.18
Breathing 1.05

2-Valsalva 1.12 0.11 0.70 0.69 0.8, 2.32
Maneuver 140

3-Miiller's 1.55 0.34 0.42 0.40 0.87, 0.73
Maneuver 2.24

4-Instructed 0.82 0.15 0.50 0.48 0.51, 1.00
Breathing 1.13

5-Loaded 0.76 0.06 0.85 0.84 0.64, 5.58
Breathing 0.89

Note: DNS = Dynamic neuromuscular stabilization.
R? = R square: proportion of variance explained by model in sample.
Adjusted R% proportion of variance explained by model in population.

4.3. Methods to measure abdominal wall tension and abdominal wall
activation

The DNS Brace helps to assess both voluntary control and reflex
postural activation. It can be used as a feedback tool to train abdominal
wall activation and the IAP fluctuations. The DNS Brace can be fixed to
the trunk keeping all four sensors in stable contact with the abdominal
wall thus allowing evaluation in various body positions. Future studies
need to identify the AWT in other postural situations. Other devices like
a pressure Biofeedback Unit (Lima et al., 2011) and muscle dynamom-
etry (Malatova et al., 2013), designed to measure or train trunk muscles
and lumbopelvic stability may not allow such positional variability.
Electromyography (Marshall and Murphy, 2010) or ultrasound (Amer-
ijckx et al, 2020) analyze mainly local activation of the abdominal
muscles. The information from the four DNS Brace sensors monitor more
global co-activation of all abdominal muscles. Based on the strong cor-
relations identified with the DNS Brace and anorectal manometry it can
be concluded that the DNS Brace presents a new simple and non-invasive
method to evaluate IAP indirectly. The DNS Brace may prove to be
useful in physical rehabilitation medicine and research to monitor AWT
in response to postural-respiratory demands, and may help to objectivize
therapeutic effects, while also providing biofeedback during self-
treatment. In the ideal condition, the DNS system is able to track IAP
fluctuations and not measure absolute values of IAP, and therefore
would not be suitable for IAP monitoring at intensive care units.

4.4. Study limitations

This study has several limitations. An average value from the four
DNS Brace sensors was calculated and used for statistical analysis.
Therefore, possible asymmetric tension of the abdominal could not be
taken into account. The current version of the DNS Brace is not
commercially available, but sensors working on a similar principle
called Ohm Track (Novak et al., 2020) can be purchased and used in a
similar way. DNS Brace cannot be applied to any participants with very
narrow or extremely wide waistlines, therefore a different version of the
DNS Brace is needed to increase the variability in testing individuals
with different corset circumferences. While BMI seems to have no
impact on indirect IAP measurements (Chen et al., 2015), the thickness
of the abdominal fat layer may play a role. The relationship between the
AWT changes measured by the brace sensors and subcutaneous fat
thickness measured by a caliper can be explored in future studies. The
research was performed on 31 asymptomatic and rather young in-
dividuals. Further studies should investigate larger cohorts of in-
dividuals comprised of both asymptomatic and LBP or other
musculoskeletal problems.
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5. Conclusions

This study established strong correlations between [AP measured as
the anorectal pressure through high resolution manometry with AWT
measured by the DNS Brace. Such manometry values could be predicted
through the measurement of AWT. Strong correlations were identified
during various breathing modifications and alse during postural stabi-
lization situations when holding a load. It was confirmed that with
progressing demands on postural stability, the IAP increases in a direct
correlation with proportional tension of the abdominal wall. The AWT
was identified by four DNS Brace sensors located above inguinal liga-
ments and in the upper lumbar triangle bilaterally. For clinical appli-
cations, subjective palpation may be an effective indirect evaluation of
intra-abdominal pressure.
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EURO-MUSCULUS/USPRM
Dynamic Ultrasound Protocols
for Wrist and Hand

Kamal Mezian, MD, PhD, Vincenzo Ricci, MD,
Orhan Giivener, MD, Jakub Jacisko, MD,

Tomas Novotny, MD, PhD, Murat Kara, MD,
Ayse Merve Ata, MD, Wei-Ting Wi, MD,

Ke-Vin Chang, MD, PhD, Carla Stecco, MD, PhD,
Carmelo Pirri, MD, Giirsel Leblebicioglu, MD,
and Levent ézgakan MD

This feature is a unique combination of fext (voice) and video that
move clearly presents and explains procedures in musculoskeletal
medicine. These videos will be available on the journal's Website.
We hope that this feature will change and enhance the learning
experience.

Walter R. Frontera, MD, PhD
Editor-in-Chief

Abstract: In this dynamic protocol, ultrasound evaluation of the wrist
and hand is described using various maneuvers for relevant condi-
tions. Scanning videos are coupled with real-time patient examination
videos. The authors believe that this practical guide—prepared by
the international consensus of several experts—will help musculo-
skeletal physicians perform a better and uniform/standard exami-
nation approach.

Key Words: Finger, Ultrasonography, Tendon, Maneuver,
Physical and Rehabilitation Medicine

(Am J Phys Med Rehabil 2022;101:e132-138)

T he utility of musculoskeletal ultrasound (US) has already be-
come a routine in the daily clinical practice of physiatrists.
As an extension of basic/static scanning, dynamic assessment
is a critical advantage of this examination technique. However,
protocols for implementing this method in the wrist and hand
do not exist in the literature. Like the previous basic scanning
protocols in physical and rehabilitation medicine,'™ an intema-
tional group of experts (European Musculoskeletal Ultrasound
Study Group in Physical and Rehabilitation Medicine [EURO-
MUSCULUS] and Ultrasound Study Group of the International

Society of Physical and Rehabilitation Medicine [USPRM])
also prepared this guide for dynamic assessment of wrist and
hand disorders.

DORSAL ASPECT OF THE WRIST

Radiocarpal Joint

Technique

The patient should sit face-to-face with the examiner keep-
ing the hand in palm-down position, resting on an examination
bed or the patient’s ipsilateral knee, while the forearm is pronated
and the elbow is semiflexed at approximately 90 degrees. The frans-
ducer is placed along the long-axis of the wrist, Bony prominences
serve as anatomic landmarks for both orientation and evaluation of
the joint stability. The authors also suggest placing a support under-
neath the patient’s wrist or positioning the wrist over the edge of the
examination bed/table, that is, to have mild volar flexion.

Clinical Indications

Radiocarpal Joint Effusion

Dynamic scanning allows better visualization of the
radiocarpal joint effusion, With the patient’s hand in a palm-
down position, the wrist joint is slowly bent (dorsal/palmar)
while resting on the examination table. This dynamic assess-
ment is commonly performed in the long-axis view, at the level
of the lunate bone. During the maneuver, it is possible to ob-
serve that the radiocarpal joint recess is stretched with palmar
flexion and compressed while the wrist is dorsally flexed
(Figs. 1A-C and Video 1, http://links.lww.com/PHM/B597).
Of note, mild effusion/synovial hypertrophy can be missed
during static scanning of the wrist in neutral position or dorsal
flexion. Likewise, differentiating between synovial prolifera-
tion and effusion can also be challenging with only static imag-
ing. Furthermore, loose bodies (e.g., cartilage or bony fragments)
inside the joint can be better identified during dynamic scanning.
As such, using these passive wrist flexion/extension maneuvers
will potentially help elucidate the presence of all previously men-
tioned conditions (Video 2, http:/links.Iww.com/PHM/B3598).

Triangular Fibrocartilage Complex Injuries

For dynamic examination of the triangular fibrocartilage
complex, the probe is placed over the extensor carpi ulnaris ten-
don along its long-axis. The radioulnar deviation allows evalua-
tion of the fibrocartilage disc with its attachment site to the distal
radius and of the meniscus homolog (Figs. 1D, E and Video 3,
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FIGURE 1. Schematic drawings and cadaveric specimens show the dynamic assessment of the radiocarpal synovial cavity (light blue) during flexion/
extension of the wrist (A-C), of the triangular fibrocartilage complex located at the level of the ulnocarpal space during radial/ulnar deviation of the
wrist (D, E), the distal radioulnar joint (light blue) during the squeeze maneuver (red arrow) of the distal forearm (F), and of the dorsal scapholunate
ligament (yellow) during stress movements (red arrows) of the wrist (G). lun, lunate; rad, radius; RC, radiocarpal joint; sca, scaphoid; tri, triquetrum; u,
ulna. Blue arrows, flow of the synovial fluid; white arrows, articular diastasis; white asterisk, distal radioulnar joint recess.

http:/links.lww.com/PHM/B599). Using ulnar and radial devia-
tions, the stress test can reveal fluid being penetrated within the
triangular fibrocartilage complex as an apparent cleft opening
toward its inside (indicating a tear; Videos 4 and 5, http:/links.
ww.com/PHM/BE00, http:/links.ww.com/PHM/B601). The fhaid
can also derive from the radiocarpal joint and/or the distal
radioulnar joint (Fig. 1E). In some cases, a larger gap can also
be observed between the proximal carpal bones and the ulna
during radial deviation.*’

Distal Radioulnar Joint Instability

For dynamic assessment, the examiner applies a squeezing
force to the interosseous membrane at midforearm level, placing
the thumb on the dorsal aspect while the remaining fingers are
placed on the volar aspect of the forearm.® At the same time, the phy-
sician uses his other hand to place the US probe in short-axis view
over the distal forearm, visualizing the Lister’s tubercle on one side
and the apex of the ulnar styloid on the other side of the US screen
(Video 6, http:/links.lww.comPHM/B602). When abnormal, the
diastasis is associated with the distraction of the previously men-
tioned bony landmarks (Fig. 1F and Video 7, http://links.lww.
com/PHM/B603). The contralateral side can, for sure, be used
as the reference.” Distal radioulnar joint instability can be
congenital (in patients with laxity of the capsuloligamentous struc-
tures), or be related to chronic overloads of the wrist, or can be post-
traumatic. Particularly, in patients with posttraumatic instability (a
high-grade instability), during the dynamic maneuver and the
squeezing phase of the technique, the diastasis of bones is associated

© 2022 Wolters Kluwer Health, Inc. All rights reserved.

with a bulging of the dorsal aspect of the synovial membrane—due
to dynamic flow of the intra-articular effusion,

Carpal Bones and Ligaments

Technique

The patient sits in front of the examiner with the palm-down,
the forearm pronated, and the elbow flexed at approximately 90
degrees. The palmar and dorsal aspects are used to visualize
the bony surfaces of the radius, ulna, and carpal bones, and
the ligaments that interconnect the above structures. Initially,
the transducer is positioned on the Lister’s tubercle when scan-
ning from the dorsal aspect and then it is advanced distally to-
ward the fingers. Smooth surfaces of the individual carpal
bones can be identified, forming the proximal and distal rows,
together with the intrinsic and extrinsic ligaments.

Systematic scanning from the palmar side starts at the distal
wrist crease. Moving the transducer distally, the scaphoid tuber-
cle and the pisiform bone can be observed bridging the carpal
tunnel. Two important bony landmarks can be observed when
advancing the probe further toward the fingers: the trapezium tu-
bercle and the hook of the hamate. Relocating the probe along
the fingers, individual metacarpal bones can also be identified.

Ultrasound allows a comprehensive assessment of the ex-
trinsic and intrinsic wrist ligaments as hyperechoic bands
connecting the individual bones.” It is essential to direct the
sound beam as perpendicular as possible to avoid anisotropy
artifact that can otherwise be misinterpreted as a pathology
(e.g., edema, tear). A ligament tear is suspected if the fibers are
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discontinuous or the ligament is absent. In addition, correspond-
ing cortical irregularity and/or ligament thinning should also
caution the examiner. Herein, dynamic examination will allow
for better visualization of the ligament stability (Videos 8 and
9, http:/links.lww.com/PHM/B604, http://links.lww.com/
PHM/B605).® One can either apply stress to the joint to gener-
ate tension on the ligaments or directly compress with the probe.
Separation of the (torn) ends or penetration of the overlying su-
perficial tissues toward the joint would be the relevant findings
for instability and/or rupture. For sure, dynamic testing may also
reveal an impingement due to ligament tear/instability.’

Clinical Indications

Scapholunate Ligament Dysfunction

The transducer is first placed in the short-axis view over
the radiocarpal joint on the distal forearm (dorsal side). While
the probe is being moved distally, the two bony structures on
the screen will represent scaphoid and lunate. A V-shaped hypo-
echoic area is apparent between these two bones, while the gap
(hypoechoic area) in the scapholunate joint is filled with the dor-
sal portion of the scapholunate ligament. The ligament can be
stressed dynamically by moving the patient’s wrist into ulnar de-
viation and any increase in the width between the two bones can
be checked (Fig. 1G) for scapholunate dissociation.'” Aside from
their diastasis, common sonographic findings also include pen-
etration of synovial fluid through a focal gap of the ligament
(Video 10, http:/links.lww.com/PHM/B606) and abnormal
movements of a small bony fragment in case of posttraumatic
avulsion. Alternative maneuvers to mechanically stress the
ligament—that is, (de)tensioning—would be opening/closing
the fist and palmar/dorsal flexions of the wrist.

Scaphoid Fracture
The scaphoid bone should optimally be scanned in short/
long-axis while the wrist is positioned in ulnar deviation. The

typical finding for fracture is discontinuity of the bony cortex.
Indirect signs are radiocarpal hemarthrosis and scapho-trapezium-
trapezoid effusion.'! Needless to say, nearby soft tissues changes,
such as callus formation, can easily be detected by US examina-
tion.!? The sonographer can also apply stress tests to check for
the (in)stability of the fracture and/or callus. Dynamic maneu-
vers using passive movements can demonstrate fracture non-
union with apparent motion between the two bone fragments.'3

Extensor Tendons

Technique

The patient sits in front of the examiner with the palm-down,
the forearm pronated, and the elbow flexed at 90 degrees. The
probe is placed at the level of the distal radioulnar joint over the
Lister’s tubercle, which is the bony landmark that separates the
second and third compartment. Sliding the probe toward the
ulnar/radial side, all six extensor compartments can be systemati-
cally evaluated. Dynamic scanning allows evaluation of tendon
gliding beneath the extensor retinaculum and within the tendon
sheaths (Fig. 2). Active/passive flexion and extension of the fin-
gers will confirm integrity of the normal-appearing hyperechoic
tendons from proximal to distal as necessary. Likewise, inter-
sections syndromes—that is, either the first compartment cross-
ing over the second proximally or the third one crossing over the
second distally—can also/thoroughly be examined (Video 11,
http:/links.lww.com/PHM/B607)."

Clinical Indications

Extensor Retinaculum Impingement

During the active movement (e.g,, flexion/extension of the fin-
gers and radial/ulnar deviation of the wrist; Video 12, http:/Tinks.
ww.com/PHM/B608), it is possible to identify the location of a
mechanical conflict between the extensor tendons and the retinac-
ulum (Fig. 2 and Video 13, http:/links.lww.com/PHM/B609). In

FIGURE 2. Cadaveric specimens show the anatomical location of the extensor carpi ulnaris tendon (black arrowheads) within the bony groove of the
ulna (white lines; A), the fibrous sheaths (black asterisks) of the extensor tendons with a dorsal component (black arrowhead) and intercanal septa
(white arrows; B) and the sites of proximal (C) and distal (D) intersection syndromes. 1st, first extensor compartment; 2nd, second extensor

compartment; 3rd, third extensor compartment. LT, Lister’s tubercle.
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FIGURE 3. Schematic drawings and cadaveric specimens show the dynamic evaluation of the extensor carpi ulnaris tendon during pronation/supination
(double red arrow) of the wrist/forearm (A), of the lateral gliding (red arrows) and torsional movements (green arrow) of the median nerve (yellow) within
the carpal tunnel among the flexor tendons (white; B, C), of the UCL (yellow) of the thumb—beneath the adductor aponeurosis (white}—during the
valgus stress test (D), of the gliding movements (thick red arrows) of flexor digitorum superficialis (yellow) and profundus (white) tendons within the
synovial sheath (light blue) and beneath the A1 pulley (green) during flexion/extension (thin red arrows) of the finger (E), and of the extensor tendons
(black dotted lines) of the finger while closing the hand into a fist (F). Lun, lunate; MC, metacarpal bone; p, pisiform; PP, proximal phalanx; sca, scaphoid;
tri, triquetrum. Black arrows, shifting movements of the extensor tendons; light green, transverse carpal ligament; white arrows, articular diastasis.

some cases, the thickened retinaculum can mimic trigger finger
symptoms whereby dynamic US examination would definitely
be comributory.l”‘“’ Similar to other conditions, if a mass or bone
fragment is present at this location, dynamic scanning can also ex-
plain the exact causal relationship between the pathology and the
patient’s complaint.

Subluxation of the Extensor Carpi Ulnaris Tendon

During forearm pronation and supination, scanning can be
performed in the short-axis view where the tendon is located
within its subsheath—separate from the common extensor ret-
maculum (Fig. 2 and Video 14, http://links.Ilww.com/PHM/
B610). Extensor carpi ulnaris instability can be diagnosed if
the tendon is slipping out of the ulnar groove in a volar-ulnar
direction during supination and relocating during pronation
of the forearm (Fig. 3A and Video 15, http:/links.lww.com/
PHM/B611). The dislocation can be accompanied by a click
sound over the wrist’s dorsoulnar aspect.’” It is noteworthy that
increased mobility of the tendon can also be a normal varia-
tion, for example, if it resides in a shallow groove.'®

De Quervain Tenosynovitis

From the basic position over Lister’s tubercle, the trans-
ducer is shifted radially to depict the first extensor compartment
which harbors abductor pollicis longus and extensor pollicis
brevis tendons. Sonographic findings of De Quervain tenosyno-
vitis include thickening of the extensor retinaculum and/or ten-
dons and their synovial sheath. Attention should also be paid
during the US examination for septa that would cause further
compartmentalization and/or extra terminal attachments of
the tendons (Video 16, http://links.lww.com/PHM/B612). These
conditions might predispose to De Quervain tenosynovitis be-
cause of increased friction. Dynamic US examination during

© 2022 Wolters Kluwer Health, ITnc. All rights reserved.

thumb extension can reveal snapping phenomena pertaining
to an uneven excursion of the extensor pollicis brevis
subcompartment'® or the gliding extensor pollicis brevis over
the accessory abductor pollicis longus tendon.>”

Dorsal Wrist Ganglion

Ganglia are common pathologies at the dorsal wrist where
dynamic US evaluation helps determine their origins, for ex-
ample, joint, nearby tendon sheath. In particular, the articular
ganglion shows limited excursion due to its connection with
the dorsal joint recess and, in the latter case, the ganglion displays
consensual gliding with the extensor tendon.' Similarly, as ganglia
can expand between the extensor compartments, their relationship
can promptly be uncovered to explain the complaint(s) of the pa-
tient (e.g., snapping ganglion during ulnar/radial deviation of the
wrist).”* Last, the examiner can also assess the ganglion cyst com-
pressibility before considering an aspiration or planning for the
appropriate technique (Video 17, http:/links.lww.com/PHM/
B613). Needless to say, hypo/anechoic-appearing accessory mus-
cles of the hand should not be misdiagnosed as ganglia and dy-
namic imaging would again/also be contributory for such a differ-
ential diagnosis (Video 18, http://links.lww.com/PHM/B614).

VOLAR ASPECT OF THE WRIST

The patient sits opposite to the examiner with the hand ina
palm-up position, resting on an examination bed or a pillow,
the forecarm supinated, and the elbow semiflexed at 90 degrees.
The transducer is placed along the short-axis view on the volar
aspect of the wrist to visualize the median and ulnar nerves and
the flexor tendons. For sure, the palmar longitudinal window
can also be used. During dynamic imaging, active/passive flex-
ion and extension of the fingers is commonly performed whereby
flexor tendons’ integrity and gliding patterns are examined. In
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addition, structure/mobility of the median nerve as well as the
palmar aponeurosis can also be evaluated.

Clinical Indications

Carpal Tunnel Syndrome

Median nerve mobility is likely to be reduced in patients with
carpal tunnel syndrome.*** Dynamic scanning on the short-axis
view allows visualization of the mobility of the median nerve while
the patient fully flexes the fingers (by slowly making a fist). The
grade of its axial mobility at the carpal tunnel can be classified as
follows: grade 0 (decreased) refers to minimal movement of the
median nerve; grade 1 (slightly decreased) refers to fieely moving
median nerve in the transverse plane, which does not dive deep to-
ward the flexor tendons; and grade 2 (normal) refers to freely mov-
ing median nerve between the flexor tendons (Video 19, http://
links.lww.com/PHM/B615 and Figs. 3B, €)** Furthermore, dy-
namic scanning in the transverse plane (during finger flexion/
extension) allows differentiation of tendinous structures from synovi-
tis. Importantly, due to anatomical continuity between epimysium
and the paraneural sheath, transverse displacement of the median
nerve can also be reduced at the midforearm level in carpal tunnel
syndrome patients.® Likewise, impaired longitudinal excursion of
the nerve has also been reported in carpal turmel syndrome.

Accessory Muscles

Dynamic US examination can reveal accessory muscles
that might compress the adJaccnt nerves (Video 20, http://
links.lww.com/PHM/B616).>® For instance, an anomalous
muscle belly of the flexor digitorum superficialis of the index
finger can be observed compressing the median nerve during
finger flexion and extension.®® Another common accessory
muscle in the wrist and hand area is the abductor digiti minimi,
which runs through the Guyon canal—causing ulnar nerve
compression. When the patient abducts the little finger, in-
crease in the muscle thickness as well as nerve impingement
can be observed.>® During the dynamic technique, an eventual
intrusion of the lumbrical muscles can also be observed within
the carpal tunnel (Video 21, http:/links.lww.com/PHM/B617).

HAND AND FINGERS

The patient sits face-to-face with the examiner in different
positions, depending on the hand/finger aspect studied. On the
dorsal side, attachments of the extensor tendons can be visual-
ized. Flexor tendons (Videos 22 and 23, http:/links.lww.com/
PHM/B6 18, http://links.lww.com/PHM/B619), annular pulley
system, and volar plates can be evaluated on the volar side of
the fingers. Each tendon needs to be scanned in short and
long-axes—also followed until its insertion. Dynamic maneu-
vers, for example, passive/active finger flexion and extension,
valgus/varus stress tests, and resisted flexion/extension can easily
be performed. In certain cases (e.g., finger deformities), the exam-
ination inside a water basin can be beneficial to optimize the
imaging quality.

Clinical Indications

Midcarpal Instability

Dynamic US evaluation can clarify the painful triquetral
catch-up clunk, most commonly present with ulnar deviation.

el36 | WWW.ajpmr.com

Examination is carried out both during pronation and supination.
The patient performs radial and ulnar abduction, while the
examiner holds the patient’s fingers and follows the screen for
clunks produced by translocation of the proximal carpal bones.*'

Dupuytren Contracture

In some cases, dynamic techniques can help in the differen-
tial diagnosis of Dupuytren contracture,* including trigger ﬁl}ger,
tenosynovitis, ganglion, dermoid cyst, and soft tissue masses.”™ In
the early phase of Dupuytren contracture, the tendons are seen to
move smoothly below the palmar fibromatosis (Video 24, http:/
links lww.com/PHM/B620) > In later stages, the adhesion of
the nodules to the tendons (due to their mutual cord-like attach-
ments) can be visualized under dynamic imaging.*

Gamekeeper’s Thumb (Skier’s Thumb or
Stener Lesion)

Dynamic stress can be applied to evaluate the integrity of
the ulnar collateral ligament (UCL) of the metacarpophalangeal
(MCP) joint of the thumb.*® The palm-down position of the
hand on the examination table will allow access to the radial as-
pect of the thumb, which is optimal for UCL imaging. Alterna-
tively, the injured thumb grips a bottle while the examiner’s free
hand performs a valgus stress test (Video 25, http:/links.lww.
com/PHM/B621 }—checking for an increase in the distance be-
tween the proximal phalanx and the first metacarpal bone
(Fig. 3D). An intact UCL is best seen longitudinally on the radial
side of the first MCP joint. Dynamic maneuver using valgus
stress to the MCP joint can be applied to classify the injury into
a nondisplaced UCL tear or a Stener lesion (Video 26, http://
links.Iww.com/PHM/B622). Normally, a limited joint gap open-
ing and tensioning of the UCL are to be observed.*® If painful,
local anesthesia (e.g., vapor coolant spray) can be used during
the test. Needless to say, these dynamic tests should be per-
formed gently, that 1s, avoiding conversion of a nondisplaced in-
jury into a Stener lesion.*”

Trigger Finger

The patient is seated face-to-face with the examiner, keep-
ing the affected hand in a palm-up position. Enough US gel (al-
ternatively stand-off pad or water filled basin) can allow mini-
mal probe pressure and maintain contact with the finger during
dynamic scanning, The transducer is placed along the long-axis
of the finger to visualize the flexor tendons as hyperechoic fi-
brillar bands superficial to the metacarpals/phalanges. Annular
pulleys are seen as hypoechoic thickening of (the volar aspect
of) the tendon sheath. Thickening and hypervascularization of
the A1 pulley (most commonly) are the hallmarks of trigger fin-
gers on sonography.®® Herewith, dynamic examination during
flexion/extension of the finger should be performed to evaluate
the gliding of the tendon beneath the pulley system (Fig. 3E,
Videos 27 and 28, http://links.lww.com/PHM/B623, http://
links.Iww.com/PHM/B624). This examination might give a bet-
ter insight regarding the exact cause/site of triggering (not al-
ways at the Al pulley level).***" Aside from pulley swelling/
thickening or effusion inside the synovial sheath, tendon thick-
ening and abnormal tendon motions associated with friction
patterns are other typical US findings (Video 29, http://links.
Iww.com/PHM/B625).*! In some cases, triggering due to
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swelling of other pulleys can also be observed during dynamic
imaging (Videos 30 and 31, http:/links.lww.com/PHM/B626,
http:/links.lww.com/PHM/B627). Of note, differential diag-
nosis for trigger finger—for example, fibrous scar due to ten-
don rupture, tendon sheath tumors, ganglia, and exostoses—
can be identified using (dynamic) US as well.*?

Pulley Rupture

Similar to the trigger finger examination, integrity of the
pulley system can be evaluated promptly using US imaging.
The annular pulleys are first recognized in their short-axis view
(along the long-axis of the fingers) as tiny hypoechoic lincar
bands overlying the flexor tendons. The pulley system allows
stabilization of the flexor tendons on the anterior phalangeal
cortex. In cases of ruptures, either the pulley cannot be clearly/
directly visualized or the characteristic/indirect finding of flexor
tendon dislocation (away from the adjacent cortex) can be ob-
served as “bowstringing.” The patient can be asked to perform
resisted flexion with his fingertip against the examiner to in-
crease the diagnostic certainty whereby the tendons will nor-
mally remain adjacent to the underlying bony surface (Video
32, hitp:/links.;ww.com/PHM/B628). While maximal bowstringing
over the proximal phalanx indicates an A2 pulley injury (Video
33, http://links.lww.com/PHM/B629), in A4 pulley injuries, the
bowstringing is mostly pronounced at the middle phalanx level.*

Volar Plate Injuries

Dynamic studies can be used to determine the amount of
soft tissue edema and mobility of the volar plate (Video 34,
http:/links.lww.com/PHM/B630). The unstable volar plate
can be visualized during hyperextension—with increased mo-
bility.** Dynamic testing should particularly be performed in
posttraumatic conditions. The most common pathological US
findings are (1) penetration of joint effusion within a focal
gap of the volar plate (Video 35, http:/links.lww.com/PHM/
B63 1), (2) excessive excursion of the volar plate (chronic insta-
bility due to a previous trauma), and (3) aberrant movements of
a small (bony) fragment in avulsions of the volar plate attach-
ment on the base of the phalanx. Herewith, in some patients,
a posttraumatic exuberant scar of the volar plate can lead to a
mechanical conflict of the joint—easily depictable during dy-
namic imaging.

Proximal Interphalangeal and Distal Interphalangeal
Joint Instability

Dynamic imaging under stress (valgus for ulnar and varus
for radial ligaments) or with sagittal plane instability induced
by hyperextension forces may be useful for assessing interpha-
langeal joint integrity (Video 36, http:/links.lww.com/PHM/
B632). Collateral ligament injuries range from sprains and
partial-thickness tears with no or minimal loss of articular sta-
bility to complete tears with significant joint instability.** Sag-
ittal plane instabilities of the proximal interphalangeal and dis-
tal interphalangeal joints can be associated with lesions of
volar plates, collateral ligaments, or even bone fractures. Accord-
ingly, during the US examination, it should be kept in mind that
acute trauma can be associated with collateral ligament sprain,
partial tear, or complete disruption. Various levels of valgus/vans in-
stability can be determined using stress under dynamic scanning.
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Chronic instability of these joints is usually coupled with thicken-
ing of the collateral ligaments, fibrosis, formation of enthesophytes,
or even avulsion fractures of the collateral ligaments *®

Clenched Fist—Human Bite Injury

This injury is frequently associated with complete or par-
tial tears of the extensor tendons. Sonographic characteristics
comprise soft tissue hypoechogenicity, consistent with edema
and tendon disruption. Dynamic imaging during MCP joint ac-
tive or passive flexion/extension can be confirmatory in am-
biguous cases—showing the extent of the lesion.

Boxer’s Knuckle

Dynamic US study in the axial plane, at the level of the distal
metacarpal heads, can demonstrate partial/complete instability of
the digital extensor tendons during flexion of the extended MCP
joint against resistance (Video 37, http:/links.lww.com/PHM/
B633). The type of tendon instability is related to the seriousness
of the sagittal band injury (Fig. 3F). The sagittal bands connect
the extensor tendons to the collateral ligaments and the volar
plates of the MCP joints. Subluxation may also be congenital
(Video 38, http:/links.lww.com/PHM/B634) or acquired (Video
39, http:/links.lww.com/PHM/B635) because of degenerative/
inflammatory changes of the sagittal band.

Insertional Tendinous Ruptures

During active/passive movements, the extensor/flexor ten-
don integrity can be assessed until its insertion at the base of
the distal phalanx (Videos 35 and 40, http://links.lww.com/
PHM/B631, http://links. lww.com/PHM/B636). From the dor-
sal aspect, the extensor tendon tear (Video 41, http://links.
Iww.com/PHM/B637) or the distal phalanx avulsion fracture
(i.e., “Mallet finger”) can be clearly exposed.*” From the volar
aspect, a partial or complete tear of the flexor digitorum
superficialis/profundus tendon can be easily assessed during
the dynamic US (Video 42, http://links.lww.com/PHM/
B638). In addition, foreign bodies and their relationship with
the tendons can be visualized as well (Video 43, http://links.
Iww.com/PHM/B639).4%
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Abstract: In this dynamic scanning protocol, ultrasound assessment
of the adult hip is described using different maneuvers for various con-
ditions. Real-time patient examination and ultrasound scanning videos
are coupled for convenience as well as for better insight. The text
covers the common conditions around the hip where especially dy-
namic ultrasound scanning provides valuable information in addition
to static imaging. The protocol is prepared by an international consen-
sus of several experts in the field of musculoskeletal ultrasound.

Key Words: Ultrasonography, Snapping, Labrum, Piriformis,
Acetabulum

(Am J Phys Med Rehabil 2022;101:e162-¢168)

he history of ultrasound (US) assessment of the hip dates
back to 1980s—particularly with regard to screening for
congenital hip joint dislocation in neonates and infants.' Later,
coupled with the development of higher-quality US equipment
and standard scanning protocols, US assessment has also

become commonplace in the evaluation of adult hip disorders.**
As an important part of comprehensive examination, dynamic
scanning is crucial in several conditions where static imaging
would not fully explain the clinical scenario. To this end, an in-
ternational group of experts elaborated this scanning protocol
for dynamic US examination of the hip.

ANTERIOR AND MEDIAL VIEW

Technique

The examination begins in the neutral position, that is, the pa-
tient lying supine on the examination bed with the lower limbs ex-
tended. Hip flexion/extension and abduction/adduction can be per-
formed in this position. Notably, flexion can be only “partially”
assessed because of the inconvenient/challenging positioning of the
probe along the anterior surface of the hip. Having the patient in
proximity to the edge of the examination bed, the extension of the
hip can be performed to achieve maximal range of motion. The
probe is placed anteriorly in the inguinal region to obtain a view of
the bony structures (femoral neck and head, acetabular rim) and sur-
rounding soft tissues (eg, labrum, joint capsule, iliofemoral ligament,
and iliopsoas muscle), or at the medial aspect of the hip to visualize
the hip adductors. Regarding the latter, the initial scanning can start
with flexion, abduction, and external rotation of the hip (“frog posi-
tion”’}—simulating the FABER (or Patrick) test. Depending on the
specific maneuver, the examiner intends to perform, and the probe
and patient positioning is changed whenever needed. Given the
deep-seated anatomy of the hip joint, low-frequency or curvilin-
ear probes can be used (particularly in obese patients).

Clinical Indications

Joint Effusion

The examiner slowly flexes/extends (or eventually rotates) the
hip to reveal an intra-articular effusion in the anterior synovial re-
cess, deep to the iliopsoas muscle (Video 1, httpz//links.Iww.com/
PHM/B706; Fig. 1A). In the presence of fluid, hip flexion or rota-
tion is associated with bulging of the iliofemoral ligament-joint cap-
sule complex at the level of the femoral head-neck junction. The
echogenicity of the fluid depends on its nature (eg, septic, hem-
orrhagic, or serous).* Furthermore, redistribution/flow of the
fluid can help differentiate it from synovial hypertrophy (Video
2, http://links.lww.com/PHM/B707). Eventual communication
between the hip joint and the iliopsoas bursa can suggest focal
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FIGURE 1. Dynamic assessment of the hip joint allows real-time visualization of the motions of the intra-articular effusion (blue) within the anterior

capsular recess (white line) observing “how” the synovial fluid interacts with the surrounding anatomical structures—the labrum (white arrowhead),
the paralabral recess (yellow arrowhead), and the chondrolabral junction (black line, A). Of note, in pathological conditions, active movements of the
femoral head (black dotted line) can increase the intracapsular pressure “pushing” the articular effusion (black arrow) through a focal defect (red spot)

of the hip labrum (B). Ac, acetabulum; Ant, anterior; Post, posterior.

capsular gaps, either congenital or degenerative in patients with hip
osteoarthritis, Herein, it is important to maintain the same (symmet-
ric) hip rotation/position when comparing the right-left sides for
femoral neck-joint capsule distance, to interpret fluid presence in
mild cases (Z7-9 mm).”

Labral Injury

To elucidate acetabular labrum tear, the bony acetabulum,
anterosuperior portion of the acetabular labrum, and the femo-
ral head and neck are first imaged in its long axis (Fig. 1B).
The examiner then performs hip flexion and internal/external
rotation to stress the labrum and to assess its morphological integ-
rity (Video 3, http:/links.lww.com/PHM/B708). Abnormal mo-
tion of the anterior labrum during the dynamic assessment can
be associated with the avulsion of the base of the fibrocartilage
(Video 4, http:/links.lww.com/PHM/B709). In addition, the ex-
aminer may apply manual long-axis traction of the hip to elicit po-
tential gapping of the labral tear.® Notably, the hypoechoic cleft ex-
tending through the labrum can also result from the presence of
sublabral recess, a normal anatomical variant.”® An advantage of
the dynamic assessment over the static one is the possibility to
see the “flow” of the synovial fluid (as a “natural contrast agent”)
within a focal gap of the fibrocartilage, hence better visualizing
the injury. Occasionally, small gas microbubbles (physiologically
dissolved in the synovial fluid) can be seen moving during
the dynamic maneuver. A paralabral cyst, if present, can also
be assessed dynamically for its (non)compressibility and mo-
bility (Video 5, http:/links. lww.com/PHM/B710).

Femoroacetabular Impingement
Different types of femoroacetabular impingement can be
confirmed by the evidence of abnormal mechanical contact/

© 2022 Wolters Kluwer Health, Inc. All rights reserved.

motion between the acetabular/labral side and the femoral
head/neck during real-time imaging (with hip flexion and in-
ternal rotation; Video 6, http:/links.lww.com/PHM/B711,
Video 7, http://links.lww.com/PHM/B712, Video 8, http://
links. lww.com/PHM/B713).'" To assess femoral head insta-
bility, the hip joint is stressed using the “apprehension posi-
tion.” To achieve stress on the anterior structures, the patient
holds the contralateral knee to maintain the contralateral hip
flexion in the supine position. Meanwhile, the ipsilateral hip
is being extended, the knee is flexed, and the shin hangs over
the bed. The probe is positioned in the long axis along the
acetabulum-femoral head and neck junction. The examiner then
applies hip external/internal rotation to evaluate anterior transla-
tion O)fl tlhe femoral head (Video 9, http:/links.lww.com/PHM/
B714).

Intra-Articular Loose Bodies

Mobile/suspected loose bodies within the anterior
capsule-synovial recess of the hip joint can be observed during
dynamic examination. In this way, differential diagnosis for a
loose body versus hypertrophic synovium can also be possible.
While the former can show “random” movements within the
anterior capsular recess, the latter usually presents with an an-
chor pedicle attached to the capsule-synovial wall of the hip
joint with limited (“floating”) movements. Likewise, dynamic
maneuvers can be used for the differential diagnosis of
intra-articular calcific loose body versus dystrophic calcifica-
tion of the hip labrum. Indeed, the latter is “attached” to the an-
terior acetabulum with no movements within the joint capsule.
Notably, loose bodies, torn labrum, osteochondral fractures, and
hip joint effusion can also be possible causes of “intra-articular
SIIH.ppll'lg hip‘an,l?'
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Anterior Snapping Hip Syndrome

Ultrasound imaging allows for static/dynamic imaging of
the periarticular tendons/muscles. For sure, dynamic examination
better serves to uncover any mechanical conflict under real-time
imaging—also interacting with the patient and simulating/
eliciting the daily life symptoms. When there 1s a perceptible or
audible click during the hip motion, the condition is commonly
called “snapping hip” (alternatively “‘coxa saltans”). Notably, pain
might also accompany the scenario, and it would be paramount
to unmask the exact cause.

Iliopsoas muscle—preinsertional segment is one of the com-
mon causes of snapping hip syndrome. A specific maneuver by
moving the leg from extension, adduction, and internal rotation
to the “frog position” and back to the neutral position can be per-
formed while the transducer is held in an oblique transverse plane
over the femoral head (Video 10, http://links.lww.com/PHM/
B715)."* In healthy individuals, the tendon moves laterally and
anteriorly when the maneuver is performed and returns back
when the leg is straightened in the initial position,'® In patients
with snapping hip syndrome, dynamic examination can detect
the abnormal motion of the iliopsoas tendon during the “snap-
ping” sensation (Video 11, http://links.lww.com/PHM/B716).
Of note, it is sometimes challenging to detect the rapid rotatory
or lateral-medial movement of the tendon.

The tendon-muscle rotation is a commonly accepted mech-
anism despite variations among patients.'® This theory assumes
the transitional wedging of the medial fibers of the iliacus mus-
cle between the superior pubic ramus and the psoas major ten-
don in the frog position. During movement to the neutral (ex-
tended) position, the iliacus muscle’s medial fibers move later-
ally, while the psoas muscle rolls dorsally.'” (Nother theory
assumes the role of ilio?soas muscle/tendon snapping over the
iliopectineal eminence.)'” Less common causes such as tendon
bifurcation (with heads flipping over each other) or mass lesions
(eg, paralabral cyst, iliopsoas bursitis) would be other imaging
findings as well.'® 20

Other Mechanical Muscle/Tendon Problems

lliopsoas muscle—insertional segment can also be exam-
ined using the FABER maneuver.”' The transducer is initially
placed over the femoral head in the anterior longitudinal view
and then moved slightly oblique, after the iliopsoas tendon
crossing the hip joint and distally inserting on the lesser tro-
chanter.?! Herein, if the patient performs resisted adduction,
partial/complete tear of the muscular belly, tendon, and the
myotendinous junction, or even avulsion of the lesser trochan-
ter can be examined. In clinical practice, these could be useful
during preoperative planning or for posttenotomy evaluation.”'

The FABER positioning also allows for dynamic visualiza-
tion of the contact between the tendon and the acetabular cup in
diagnosing iliopsoas impingement syndrome after total hip
arthroplasty.* In symptomatic patients, the iliopsoas tendon was
reported to be displaced anteriorly and medially by the acetabular
component.* Friction between the tendon and the acetabular cup
(a piece of cement) or the cup fixation screws could be verified
using dynamic examination, observing abnormal motion of the
swollen and hypodense muscle/tendon.>*

Rectus femoris muscle can be scanned to visualize its direct
head as the transducer is placed at the level of the anterior

el6d | www.ajpmr.com

inferior iliac spine.'* Moving the transducer laterally and inferi-
orly (while the sound beam is being directed perpendicular to
the lateral acetabular cortex to eliminate anisotropy), the indirect
head can be visualized. Possible pathologies such as bursitis,
tendon tears, or tendinosis (including those with calcium deposits
leading to snapping) can be examined with dynamic techniques. %’
For instance, extension and external rotation of the hip joint can
be used to provoke the snapping phenomenon in such patients.

As aside note, the term “subspine impingement” refers to
the mechanical conflict between the femoral neck against the
bony protuberance at the anteroinferior iliac spine, which is
commonly curved toward the femoral neck.”®** The impinge-
ment at this site can also develop because of avulsion fracture
of the anteroinferior iliac spine or calcific tendinitis of the
proximal insertion of the rectus femoris tendon. Likewise,
these conditions can also be examined as described previously.

Adductor muscles/tendons can be imaged for substance
tears or avulsion injuries, while the examiner applies resistance
against active hip adduction again in the “frog position” (Video
12, http://links.lww.com/PHM/B717, Video 13, http:/links.
Iww.com/PHM/B718, Video 14, http://links.lww.com/PHM/
B719; Fig. 2A).%"

Symphysis Pubis Diastasis/Instability

Measurement of the interpubic gap is commonly the crite-
rion standard to assess postpartum diastasis. The diagnosis is sup-
ported if the distance between the narrowest level between upper
branches of the pubic bones is more than 10 mm (Fig. 2B).>' To
scan the symphysis dynamically, pelvic compression and distrac-
tion can be performed while the probe is held in the transverse
plane over the pubic bones. During this maneuver, the examiner
(or an assistant) places hands on the anterior and medial aspects
of the patient’s right and left anterior superior iliac spine while ap-
plying a gentle posterior force (Video 15, hitp://links.lww.com/
PHM/B720). Of note, a postpartum diastasis recti abdominis
can be assessed with US—{irst at a resting state and in a sit-up po-
sition. The increased interrectus distance can usually be seen at
the umbilicus level **

LATERAL VIEW

Technique

Dynamic examination of the lateral hip is performed in the
lateral decubitus position. The transducer is held in the transverse
view over the greater trochanter.”” The examiner or the patient
moves the adducted hip from extension to flexion and back to
the initial position to detect abnormal motion (Video 16, http://
links.Iww.com/PHM/B721). The “bicycle test” can be used by
asking the patient to simulate the pedaling motion with the af-
fected lower limb. For sure, the patient may be asked to reproduce
his/her symptoms in any position possible. In some cases, the pa-
tient needs to stand and bear weight on the affected limb while
performing the provoking movement. For imaging the tensor fas-
cia lata’s proximal attachment, the examiner can ask the patient to
actively abduct the hip—with or without resistance—to visualize
the motion abnormalities reproducing the pain at the iliac crest.

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Dynamic assessment can be performed in adduction against resistance—to put in tension (white arrows), the commeon aponeurosis
(white) linking the tendons of AL and Ra muscle (A). In addition, an eventual diastasis (yellow arrows) of the pubic symphysis (yellow) can be evaluated
during the dynamic technique (A). Of note, anatomically, the pubic symphysis (yellow arrowhead), at the level of pubic tubercles (white asterisks),
presents a thick wad of aponeurotic tissue—the pubic plate (B). In the S layer, the superficial fibers of the AL and the external oblique (of the opposite

side) interact with each other; instead, in the D layer, the anterior capsule merges with the Ra, the inguinal ligament, the deep fibers of AL, and the
anterior fibers of adductor brevis (B). AL, adductor longus; D, deep; Ra, rectus abdominis; §, superficial.

Clinical Indications structures accompanied by snapping is sometimes called ex-
ternal (or “lateral™) snapping hip. Furthermore, the examiner
Lateral Snapping Hip Syndrome can visualize possible thickening or hypoechoic changes of

Dynamic examination can visualize the movement of  the iliotibial band and the underlying thickened trochanteric
the posterior border of the iliotibial band or the anterior por-  bursa or calcifications of the soft tissues (Video 17, http://links.
tion of the gluteus maximus muscle across the greater tro-  Iww.com/PHM/B722, Video 18, http://links.lww.com/PHM/
chanter (Figs. 3A—C, 4A—C)."* This subluxation of the affected ~ B723).**

FavavavaTe: e OO0

Internal Rotation

External Rotation

FIGURE 3. Internal/extemal rotation (black arrows) of the hip joint (A) allows real-time visualization of the dynamic interactions between the GT and
the surrounding soft tissues (B). Of note, cadaveric specimen clearly shows the anatomical interface between the gluteus medius tendon (white line)

and the ITB where a large synovial bursa (white asterisks) is located (C). GT, greater trochanter; FH, femoral head; ITB, iliotibial band; LF, lateral facet; sc,
subcutaneous tissue.

© 2022 Wolters Khewer Health, Tnc. Al rights reserved. www.ajpmr.com | €165

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

129



Video Gallery

Volume 101, Number 11, November 2022

FIGURE 4. Dynamic assessment of the lateral hip can be performed—during active or passive movements (yellow arrows; A, B)}—to directly observe an
eventual impingement of the gluteus maximus-iliotibial band complex (black dotted line) over the GT (C). Of note, not only the muscle-tendon

structures but also the trochanteric synovial bursa (blue) should be considered among the potential pain generators. GMax, gluteus maximus; GMed,
gluteus medius; GT, greater trochanter; IT, ischial tuberosity; ITb, iliotibial band; P, piriformis; QF, quadratus femoris; white arrowhead, sciatic nerve.

(Tensor) Fascia Lata Problems

Dynamic examination can be performed to detect partial/
complete tears of the muscular belly/tendon, m%(otendinous Jjune-
tion, or proximal avulsion over the iliac crest.> Of note, gluteus
maximus insertion to the fascial layers can be assessed during
external/internal rotation of the hip. In cases of injury, the fascial
detachment can be better defined dynamically (Video 19, http:/
links.lww.com/PHM/B724).

POSTERIOR VIEW

Technique

The patient is lying in prone position on the examination
table with the gluteal region exposed. The knee is flexed to
90 degrees and held by the examiner, allowing passive internal
and external rotation to perform a dynamic examination.

Piriformis muscle can be imaged by placing the probe in
transverse plane over the sacrum toward the site being exam-
ined. The probe is then moved caudally to visualize the bony
landmarks—sacroiliac joint and posterior superior iliac spine.
Moving the probe caudally to the sacroiliac joint, the piriformis
muscle can be visualized. To align the transducer with the long
axis of the muscle, the lateral part of the transducer is placed
more caudally (in the direction of the greater trochanter) in re-
lation to the medial part of the transducer. As for dynamic ex-
amination, passive hip rotation can be performed to precisely
evaluate the piriformis movement compared with more static
gluteus maximus muscle.

Obturator internus muscle is assessed while the probe is
moved caudally and medially from the “piriformis view” until
the rounded structure of the ischium is seen. With passive hip
rotation, the obturator internus muscle can be visualized and

el66 | www.ajpmr.com

dynamically examined as it courses around the ischium. To
align the probe with the long axis of the muscle’s medial part,
the probe is moved slightly caudally.

Quadratus femoris muscle can be assessed after moving
the probe from the “obturator internus view” caudally and lat-
erally, holding the probe in a transverse plane and looking for
two bony landmarks—Ilateral aspect of the ischial tuberosity and
the intertrochanteric ridge of the femur. The quadratus femoris
muscle runs in between these two bony structures. Dynamic eval-
uation of the ischiofemoral impingement is performed via rotating
the hip externally (Figs. SA-C).

Hamstring muscles can be evaluated by initially detecting
the ischial tuberosity as the bony landmark. The examination
begins with an axial view at the level of the ischial tuberosity.
Turning the probe 90 degrees, the hamstrings are also evalu-
ated in their long axis. In obese or muscular patients where
US identification might be difficult, the examination starts at
the proximal midthigh. At this site, the helpful landmark would
be the “Mercedes Benz sign™ between the long head of the bi-
ceps femoris, semitendinosus, and adductor magnus muscles.®
For dynamic examination (during hip flexion), the patient needs
to be positioned sideways at the edge of the examination bed.
Alternatively, the patient can be examined standing on the con-
tralateral lower limb. The patient is asked to reproduce histher
symptoms by performing (alternatively resisted) hip flexion or
forward flexion at the lumbar level.

Clinical Indications

Piriformis Syndrome

Piriformis muscle/tendon integrity can be evaluated stati-
cally and dynamically (Video 20, http://links.lww.com/PHM/
B725).>7 The latter is similar to the Freiberg test, which assesses

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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compression of the sciatic nerve caused by the piriformis mus-
cle. Ultrasound examination to evaluate nerve compression by
the piriformis muscle, the sciatic nerve snapping (Video 21,
http://links.lww.com/PHM/B726), or the presence of anatomic
variants such as double-headed piriformis that can cause sciatic
nerve compression can easily be performed in subjects with
normal bodg/ weight; however, it would be difficult in obese
patients.*™** Significant increase in muscle thickness (com-
pared with the asymptomatic side) measured by US has been
reported.>® Todorov and Batalov*® also reported nonsmooth
movements (catching and jumping) of the deep portion of the
piriformis muscle over the iliac bone in piriformis syndrome.
Notably, an anechoic fat pad overlying the piriformis tendon in-
sertion should not be misinterpreted as fluid collection.*! When
there is a doubt regarding the previously mentioned hypoechoic/
anechoic area, dynamic scanning aids to elucidate if there is any
fluid being redistributed during hip rotation.

Obturator internus can also/similarly be evaluated for muscle
tears, tendon pathologies, and bursitis using dynamic examination.**

Ischiofemoral Impingement Syndrome

As the place between ischial tuberosity and the inter-
trochanteric ridge is being reduced, quadratus femoris muscle
becomes squeezed and displaced upwards (“eruption sign”;
Video 22, http://links.lww.com/PHM/B727). The sciatic nerve
can also be seen displaced during dynamic examination.*?

Snapping Buttock—Coxa Saltans

There are teported cases of coxa saltans after proximal
hamstring injuries. For instance, partial avulsion of the proxi-
mal hamstrings might cause snapping because of medial or lat-
eral dislocation of the conjoint tendon over the ischial tuberos-
ity (Video 23, http:/links.lww.com/PHM/B728). Notably, the
dislocated tendon can also displace the sciatic nerve.*%

Apophyseal Injuries

The apophyseal region of the ischial tuberosity is the weakest
part of the bone-tendon-muscle unit of the hamstrings in young
athletes. Injuries might cause avulsion of the bony fragment.

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 5. Internal (A) and external (B) rotation of the hip joint can be performed to dynamically assess the anatomical space (double white arrow)
between the IT and the LT; within which, sciatic nerve and quadratus femoris muscle are located. Cadaveric image clearly shows how the quadratus
femoris muscle (white dotted line) slips in between the hamstrings tendon (white line) and the LT of the femur (black line) in close proximity to the
sciatic nerve (yellow arrowhead, B). GMax, gluteus maximus; IT, ischial tuberosity; LT, lesser trochanter; SN, sciatic nerve,

Ultrasound examination can depict the avulsed fragment and
retracted tendon. It can also dynamically assess stability of
the fragment during isometric contraction of the hamstrings.
The probe is placed in the long axis of the hamstrings over
the ischial tuberosity and the apophysis. Dislocation of the
apophysis and the ischial tuberosity can be compared with
the other (healthy) side.*”#

Proximal Hamstring Tears

The myotendinous junction is the weakest part of the ham-
strings in young athletes. Ultrasound examination should be
performed no earlier than 48 hrs after the injury to increase sen-
sitivity. Ultrasound findings of the tear are alterations of the mus-
cle structure and/or hypo/anechoic hematoma. Complete tear with
muscle retraction can be confirmed with dynamic examination
under isometric contraction (flexion of the knee against resis-
tance).*” Opening the gap within the injured tendon/muscle fi-
bers can be observed. Noteworthy is also “sonopalpation” to
locate the site of maximal tenderness. Dynamic evaluation can
also be used to evaluate the “stability” of the scar after injury
(eg, to plan for return to play).
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Mnemonics and Metaphorical
Videos for Teaching/Learning
Musculoskeletal Sonoanatomy

Jakub Jacisko, MD, Kamal Mezian, MD, PhD,
Orhan Giivener, MD, Vincenze Ricci, MD,
Alena Kobesova, MD, PhD, and Levent Oz¢akar, MD

This feature is a unigue combination of text (voice) and video
that more clearly presents and explains procedures in muscuilo-
skeletal medicine. These videos will be available on the
Journal’s Website. We hope that this feature will change and
enhance the learning experience.

Walter R. Frontera, MD, PhD
Editor-in-Chief

Abstract: Musculoskeletal ultrasonography, despite various advan-
tages, is a user-dependent modality. There are several approaches to
facilitate the learning process of novice sonographers, for example,
on-site courses, textbooks, and online lectures. However, the need for
specific (sono)anatomy knowledge can be an obstacle, particularly in
the beginning. With the aim of helping novice sonographers understand
and retain topographic (sono)anatomy, we have prepared this article
that follows a modern approach to teaching known as “entertainment
ceducation.” It consists of images, schematic drawings, and multimedia
videos that provide a simple, visual explanation accompanied by audi-
tory content.

Key Words: Ultrasonography, Musculoskeletal, Education, Funny,
Multimedia

(Am J Phys Med Rehabil 2022;101:¢189-¢193)

ecause of its numerous advantages and various applications

in musculoskeletal (MSK) medicine, ultrasonography (US)
has become a routine examination tool in the clinical practice of
physical and rehabilitation medicine specialists.! On the other
hand, because of its user dependency, MSK US remains a
complex discipline that requires knowledge of (sono)anatomy,
appropriate/lengthy training, experience, and interpretation
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capabilities. To cover these needs as well as to shorten the
learning curve, several resources (books, courses, etc.) also in-
cluding new technologies, for example, artificial intelligence,
applications, (online) courses, or standardized protocols, are
yet available.””

Among several classical/modern teaching methods,® the
use of mnemonic aids has been shown to improve information
retention and better understanding.*~'" In addition, it has been
confirmed that pictures and characteristic sounds are associ-
ated with significantly better recall than verbal labels alone.!?
Herein, an essential approach in modern pedagogy is “enter-
tainment education,” which can be defined as the intentional
placement of educational messages within an entertaining con-
tent.!>!# Likewise, we have tried to incorporate all the previ-
ously mentioned techniques in this comprehensive, expert-,
and consensus-based set of images, schematic drawings, and
multimedia videos. Our primary/eventual aim was to facilitate
the learning in MSK US.

In this sense, we have gathered (as many as possible) the
characteristic appearances in daily MSK US images. Using met-
aphoric nomenclature and the pertinent/typical sounds, several
normal structures (N = 26) are being illustrated. We believe that
the used names/signs will help the novice sonographers easily
imagine/recall the relevant standard scans. While the text exem-
plifies only 5 of the 26 structures, to avoid repetition, the rest is
given in the video gallery. Of note, the second article of this se-
ries will comprise US of different MSK pathologies.

HONEYCOMB (Video 1, http://links.lww.com/
PHM/B749)

Peripheral nerves contain many nerve fibers grouped into
fascicular bundles. Transverse scan of a nerve shows several
hypoechoic “bubbles™—tepresenting these nerve fascicles—inside
the hyperechoic epineurium. This highly organized structure
looks like a delicious honeycomb where nerve fascicles repre-
sent the tunnels for the bees. Its recognition might prompt the
distinction from a tendon which is fibrillar instead.

FEATHER (Video 2, http://links.lww.com/
PHM/B750)

Muscle fascicles run parallel to the length of the muscle
(fusiform muscles) or attach at an angle to the aponeurosis
(pennate muscles). Longitudinal scan of a bipennate muscle
shows its hyperechoic fibroadipose component branching within
the hypoechoic muscular tissue. This pattern is very similar to the
esthetic structure of a feather with its central beam and multiple
peripheral ramifications. Its recognition might facilitate accurate
measurements of the muscle architecture.

STARRY SKY (Video 3, http://links.lww.com/
PHM/B751)

The internal structure of a muscle consists of hypoechoic
fascicles and hyperechoic perimysium. Transverse scan of mus-
cles shows the physiological alternation of these two compart-
ments. While the former corresponds to the dark sky, the latter
forms the stars. Accordingly, the relaxing starry sky is commonly
used to recognize a transverse scan of a muscle tissue wherever
present/needed. Its recognition might prompt the differential
diagnosis of normal versus pathological muscle.
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SPAGHETTI (Video 4, http://links.lIww.com/
PHM/B752)

Tendons are highly organized structures made of overlap-
ping collagen fascicles and septa planes. Longitudinal scan of a
tendon shows the (physiological) fibrillar pattern, that is,
regularly aligned multiple hyperechoic lines. Multiple colla-
gen fibers arranged parallel to each other look like a bunch of
spaghetti—savory with the right sauce. Its recognition might
facilitate the distinction from other tubular structures. In addi-
tion, because of fibrous or fibrocartilaginous tissue, their at-
tachment sites (entheses) can also appear in the shape of free
spaghetti ends giving anisotropy.

MICKEY MOUSE (Video 5, http://links.lww.com/
PHM/B753)

Neurovascular structures run together. Transverse scan of
a vascular bundle shows three anechoic “bubbles”—similar
to the sympathetic face and ears of Mickey Mouse. Of note,
gentle compression can be performed with the probe to col-
lapse the “venous ears” and distinguish the artery (A). Another
simple way would be to use the Doppler for visualizing dif-
ferent (steady vs. pulsatile) vascular flow patterns. The rec-
ognition of Mickey mouse might avoid possible injury during
neuromusculoskeletal interventions.

BIRD BEAK (Video 6, http://links.lmww.com/
PHM/B754)

The supraspinatus tendon passes under the acromioclavicular
joint and attaches to the greater tuberosity of the humerus.
With the shoulder in neutral position, longitudinal scan of the
supraspinatus tendon looks like the bird beak whereby the
acromion also corresponds to its head. The strong beak avoids
the (pathological) cranial subluxation of the humeral head to-
ward the acromion. Its recognition might indicate the presence
of a normal tendon (supraspinatus critical zone).

TIRE (Video 7, http://links.lww.com/
PHM/B755)

The modified crass position is a maneuver used to better
view the superior/posterior parts of the supraspinatus tendon
(Fig. 1). The patient is asked to place the volar surface of the
hand on the ipsilateral hip, and the anterior transverse scan
shows the intact rotator cuff as a tire. When “inflated” (i.e.,

¢

intact covering the humeral head), it absorbs the shocks and
avoids subluxation. Its examination is paramount for describ-
ing the width and thickness of a possible rotator cuff tear.

HAMBURGER (Video 8, http://links.lww.com/
PHM/B756)

At the elbow, the median nerve passes between the prona-
tor teres and the brachialis muscle. When the probe is placed in
a transverse-oblique plane, the median nerve appears like an
essential ingredient (cucumber) of a hamburger. Another cu-
cumber represents the brachial vessels. The ‘cheese’ resembles
the intermuscular fascia. Recognition of the hamburger might
be contributory when targeting spastic muscles with botulinum
toxin injections.

MOON OVER A HOUSE (Video 9, http://links.
lww.com/PHM/B757)

The interosseous transverse septum between the bones of
the forearm divides the muscles into superficial and deep layers.
Flexor digitorum superficialis, pronator teres, palmaris longus,
flexor carpi radialis, and flexor carpi ulnaris (the most medial
one) form the superficial layer. During transverse sonotracking
of the forearm, the ulna typically acquires a quadrangular
shape resembling a house. At the same level, the flexor carpi
ulnaris muscle resides superficially—like a moon illuminating
it. Again, its recognition might be contributory during specific
muscle targeting.

FULL MOON (Video 10, http://links.lww.com/
PHM/B758)

The flexor pollicis longus tendon passes between the super-
ficial and deep layers of the flexor pollicis brevis muscle. Trans-
verse oblique scan on the volar aspect of the thenar eminence
shows a hyperechoic round structure, that is, the flexor pollicis
longus tendon. Among the surrounding hypoechoic muscles, it
looks like the terrifying “full moon.” Its recognition—especially
via testing anisotropy—might be noteworthy to assess the tendon
morphology and vascularity.

PYRAMID (Video 11, http://links.lww.com/
PHM/B759)
The greater trochanter is an important landmark when
evaluating the lateral hip. Transverse scan shows the triangular

humerus

FIGURE 1. Shoulder rotator cuff. Normal, ridiculoUS, and schematic (from left to right) images show the shoulder rotator cuff in its shorts axis. Its ring

shape resembles a tire surrounding a wheel’s rim.

el90 | www.ajpmr.com
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FIGURE 2. The greater trochanter. Normal, ridiculoUS, and schematic (from left to right) images show the greater trochanter’s bony surface in the
lateral short-axis view of the thigh. Its triangular shape converging to a single step at the top resembles an ancient Egyptian pyramid. FL, fascia lata; M,

muscle; T, rotator cuff of the hip.

hyperechoic shape of the greater trochanter—similar to the an-
cient Egyptian pyramid (Fig. 2). Its recognition might guide
while navigating for its different facets as well as for ensuring
the transition from the femoral shaft (rather round in shape)
to the trochanter (triangular).

WINDMILL (Video 12, http://links.lww.com/
PHM/B760)

Transverse scan of the dorsal thigh at the proximal third
shows the “famous”™ windmill formed by the conjoined tendon
of semitendinosus-biceps femoris, sciatic nerve, and the ad-
ductor magnus muscle (Fig. 3). Similar to the windmill blades
(metaphorically), these anatomical structures are pivotal to
guarantecing the “energy” for lower limb movements. Practi-
cally, their recognition might help physicians better locate the
sciatic nerve and avoid an otherwise detrimental injury. This
appearance had also been mentioned in the literature as the
Mercedes-Benz sign, but in the near/green future, we hope/
believe that the windmills will rather “overwhelm.”

RAILWAY (Video 13, http://links.lww.com/
PHM/B761)

The biceps femoris is a long muscle—also named as the
lateral hamstring muscle in the posterior thigh. As the name
suggests, it has two different heads, one of which extends deeply.
Transverse scan of the posterior thigh (distally) shows the short
head of the biceps femoris muscle appearing like a hopeful

railway in between the long head of the biceps femoris and
vastus lateralis muscles. Its recognition might facilitate guided
electromyography or interventions.

CHERRY ON THE CAKE (Video 14, http://links.
Iww.com/PHM/B762)

Semimembranosus and semitendinosus are the medial
hamstring muscles in the posterior thigh., Transverse scan
(distal third) shows the semitendinosus tendon progressively
shifting over the semimembranosus muscle—like the attractive
cherry on the cake. Again, recognizing these structures is help-
ful for better/local orientation.

SUNGLASSES (Video 15, http://links.lww.com/
PHM/B763)

The gastrocnemius is the most superficial calf muscle with
two (medial and lateral) heads separated from the femur. Trans-
verse scan of the proximal calf shows these two heads like a
pair of fashionable sunglasses. Their recognition would be im-
portant for several diagnostic/interventional procedures (e.g.,
tennis leg, spasticity).

SEAL WITH A BALL (Video 16, http://links.lww.
com/PHM/B764)
Tibialis posterior is a deep muscle covered by flexor
hallucis longus and flexor digitorum longus muscles located
on the posteromedial side of the leg. Transverse scan shows

FIGURE 3. The sciatic nerve. Normal, ridiculoUS, and schematic (from left to right) images represent short-axis view of the posterior thigh at the
proximal third. The biceps femoris and semitendinosus muscles (all together with their conjoined tendon) form a superficial layer, while the adductor
magnus is situated deeply. The connective tissues appear like a windmill with the sciatic nerve in the middle. N, sciatic nerve.
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calcaneus

FIGURE 4. The calcaneofibular ligament. Normal, ridiculoUS, and schematic (from left to right) images show the lateral ankle scan along the

calcaneofibular ligament with the overlying fibular tendons. The hammock, representing the calcaneofibular ligament, relates to an indirect dynamic
test commonly used to assess ligamentous injuries. CFL, calcaneofibular ligament; FB, fibularis brevis; FL, fibularis longus.

the tibialis posterior muscle, posterior tibial artery, and the
tibial nerve, which altogether picture the sweet seal with a
ball. Identifying these structures is important in daily prac-
tice to target the right muscle and avoid the nerve/artery dur-
ing botulinum toxin injections.

HAMMOCK (Video 17, http://links.lww.com/
PHM/B765)

The calcaneofibular ligament is one of the three parts of
the ankle lateral ligament complex (Fig. 4). It extends from
the lateral malleolus to the tubercle on the lateral aspect of the
calcaneus. Longitudinal (oblique) scan can be performed to
visualize the calcancofibular ligament—appearing like a
comfortable hammock on which the fibularis brevis and longus
tendons swing. In case the ligament cannot be easily imaged, the
outward movement of the tendons from the joint (during active
ankle dorsiflexion) would indirectly confirm the presence of an
intact ligament.

PAC-MAN (Video 18, http://links.lww.com/
PHM/B766)

Plantar intrinsic muscles of the foot are adjacent to the ten-
dons of the extrinsic muscles of the foot. Transverse scan of the
plantar surface shows the hungry Pac-Man and the nearby flexor
digitorum longus and flexor hallucis longus tendons. When
tracking the two previously mentioned tendons proximally, their
crossover—known as the knot of Henry—can easily be visualized.

b
FIGURE 5. The lumbar vertebra and erector spinae muscle. On transverse scan of the lumbar spine, the shape of the vertebral bony surface resembles a
bat, while the muscles appear like a butterfly. ES, erector spinae; F, facet joint; TP, transverse process.

€192 | www.ajpmr.com

Henry’s knot identification can be important during the exam-
ination of plantar intersection syndrome.

TRAFFIC LIGHTS (Video 19, http://links.lww.
com/PHM/B767)

After the cervical nerve roots exit the neural foramina,
they course between the scalene muscles. Transverse scan of
the lateral neck (from proximal to distal) shows the C5, C6,
and C7 nerve roots position between the anterior and middle
scalene muscles—reminiscent of the classical traffic lights.
Their recognition would indisputably be crucial during a broad
range of neck interventions.

GRAPES (Video 20, http://links.lww.com/
PHM/B768)

In the suprascapular region, the cervical roots form the
trunks, which then divide into upper and lower divisions. Trans-
verse scan of the lateral neck shows the brachial plexus coursing
between the anterior and middle scalene muscles. Recognition
of'this juicy bunch of grapes is the mainstay of several neck pro-
cedures from different perspectives.

SAW TEETH (Video 21, http://links.lww.com/
PHM/B769)
Facet joints are angled approximately 45 degrees at the
upper cervical level, and they are more vertical in the lower

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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cervical region. Posterior parasagittal scan of the cervical
vertebrae shows the regularly aligned facet joints that appear
like the dangerous saw teeth. Their recognition aids for bet-
ter targeting the joints or the neighboring anatomical struc-
tures (e.g., medial branches).

TRIDENT (Video 22, http://links.lww.com/
PHM/B770)

Longitudinal paramedian scan of the lumbar spine shows
the three transverse processes giving sharp shadowings. Rec-
ognizing this frightening trident can ensure the interventional
physician that the imaging pertains to a far lateral view—for
a potential use during lumbar root targeting.

CAMEL HUMPS AND HORSE HEADS
(Videos 23 and 24, http://links.lmw.com/PHM/
B771, http://links.lww.com/PHM/B772)

The typical lumbar vertebra consists of a body, arch (two
laminae and two pedicles), and two transverse and one spinous
processes. Longitudinal paramedian scans of the lumbar spine
show the facet joints and the laminae that look like camel humps
and horse heads, respectively. Both structures are targeted dur-
ing pertinent interventions.

BAT AND BUTTERFLY (Video 25, http://links.
lww.com/PHM/B773)

Transverse scan of the lumbar vertebra shows the deep
bony lining and the erector spinae muscles, which respectively
look like a bat and a butterfly (Fig. 5). Bony structures serve as
important landmarks during pertinent interventions. Imaging
the erector spinae can also be important during exercise ther-
apy when using “sono-feedback.”

© 2022 Wolters Kluwer Health, Inc. All vights reserved.

FROG EYES (Video 26, http://links.lww.com/
PHM/B774)

Sacrum (formed by the fusion of sacral vertebrae) is the con-
tinuation of the vertebral canal. The 5th sacral laminae do not fuse,
resulting in a bony defect, that is, the sacral hiatus. Lateral walls of
the sacral hiatus are formed by the tubercles of the inferior articular
processes of the 5th sacral vertebrae (sacral cornua). Transverse
scan shows the sacral cornua, which appear as the overwhelming
frog eyes. Recognizing the hyperechoic band between the eyes
(i.e., the sacrococcygeal ligament) would be important while plan-
ning for US-guided procedures in this region.
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Abstract: Musculoskeletal ultrasound identifies a broad range of pa-
thologies. Typical sonographic images of certain pathological/abnormal
conditions can be rendered and “highlighted” for the daily practice/
language of musculoskeletal sonographers. The following text and ac-
companying figures/videos represent a collection of findings pertaining
to commonplace pathological conditions. This article is the second part
of a series—after the characteristic/metaphoric descriptions of normal
musculoskeletal structures.
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usculoskeletal ultrasound (US) identifies a broad range

of pathologies, that is, traumatic, inflammatory, and
neoplastic. Similar to other imaging modalities, for exam-
ple, x-ray, computed tomography, and magnetic resonance
imaging; typical sonographic images of certain pathological/
abnormal conditions can be rendered and “highlighted” for
the daily practice/language of musculoskeletal sonographers.
Of note, metaphoric “signs” promote leaming and retention of
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the characteristic appearances (via the limbic system, affecting
memory consolidation and retrieval) and allow the examiners
to easily recall the specific condition.! In this regard, the
following text and accompanying figures/videos represent a
collection of findings pertaining to commonplace pathological
conditions. This article is the second part of a series—after the
characteristic/metaphoric descriptions of normal musculoskeletal
structures.’

CROCODILE MOUTH

Most of the supraspinatus tendon tears ensue in the distal
insertion (critical) zone. Whereas short-axis view (“‘tire ap-
pearance™) is q;.lite demonstrative for a detailed description
of the rupture,” long-axis view of the tendon distal to the
acromion would also be guiding in the initial step. In other
words, the convex “*bird’s beak’ might no more be present or,
even worse, be replaced by an irregular and “scary” crocodile
mouth (Fig. 1).*

FLAT TIRE

Supraspinatus tendon tears often appear as anechoic or hy-
poechoic on US. During short-axis imaging, a healthy tendon
is convex (looking like a “tire””)* and cannot be compressed un-
der sono-palpation. In case of a full-thickness tear, the appear-
ance will turn into a flaf tire whereby deltoid muscle and the
subdeltoid bursa would be filling the space.’ Needless to say,
if the image of a flat tire is not straightforward, compression with
the probe would be noteworthy to make it apparent (Video 1,
http://links.lww.com/PHM/B859).

BRIDGE

Soft tissue calcifications can be caused by a broad range of
pathologies, that is, tendinopathy, myositis ossificans, rheu-
matic conditions, and malignancy.® Notably, whereas dense
(hard) and large calcific deposits produce a typical posterior
acoustic shadowing,®” less dense (soft) or small calcifications
may not always be accompanied by shadowing. Likewise, the
phase of calcification may also impact whether the lesion will
produce this artifact.® Although calcifications vary in density,
location, size, and shape, the sonographic appearance of super-
ficial ones can resemble a “single-cistern™ bridge (Fig. 2) and
the river represents the acoustic shadowing artifact.

HALO/EYE OF THE TIGER

Synovial (parietal and visceral) sheaths are structures that
facilitate the sliding of tendons.® In the presence of inflamma-
tion within tendon sheaths (long head of the biceps tendon,
wrist extensor tendons etc.), the fluid appears as a dark halo
on US examination. Of note, because the synovial sheath can
sometimes be associated with the joint space (e.g., shoulder),
it is necessary to differentiate primary tendon problems from
other articular pathologies. Furthermore, as comparison is an
important advantage (as well as a prerequisite) of US examina-
tion, bilateral halos may be reminiscent of tiger eyes (Fig. 3)
(Video 2, http://links.lww.com/PHM/B860).

SNOWSTORM

In gout(y arthritis), the main sonographic findings sug-
gestive for monosodium urate crystal deposition are tophi,
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FIGURE 1. Crocodile mouth. Long-axis view of the distal insertion of the supraspinatus tendon (SSP). H indicates humerus; A, acromion.

the double contour sign, and the snowstorm. The characteristic
image of the latter consists of multiple hyperechoic spots float-
ing within the synovial fluid and surrounded by the synovium
(Fig. 4). These microtophi correspond to aggregates of mono-
sodium urate monohydrate crystals. Concerning the snow-
storm appearance, the sensitivity and specificity in detecting
monosodium urate deposition have been reported as 30.3%
and 90.9%, respectively.”

BOTTLE NECK

When a peripheral nerve becomes entrapped, the defor-
mation results in pressure gradients, which redistributes the
tissue to areas of lower pressure. In addition, compression
inhibits normal intraneuronal axoplasmic transport and various
substances; for example, transmitter substance vesicles and
cytoskeletal elements accumulate.!® Eventually, mechanical/
ischemic factors can cause nerve swelling usually just proxi-
mal to the entrapment site. In certain cases (e.g., after carpal
tunnel surgery), nerve edema can also be present distal to the
entrapment site and appear as an hourglass.!* In daily clinical
practice, peripheral nerves are usually/easily tracked in short
axis, and if an abnormality (e.g., increased nerve caliper or hy-
poechogenicity) is detected, the probe is rotated 90 degrees and
the typical appearance of bottle neck can be observed in the
long-axis view. Needless to say, the neck represents the point
of nerve compression (Fig. 5).

COMET TAIL

In the universe, a family of asteroids is usually identi-
fied for their brilliant tails. Likewise, in the musculoskele-
tal system, metallic foreign objects (screw, implant, etc.)
give this reverberation artifact (long hyperechoic bands)
owing to their feature of randomly reflecting the US beams.
In daily clinical practice, it is also not uncommon to detect

certain (otherwise unknown) foreign objects after recogniz-
ing these comet tails (Fig. 6) (Video 3, http://links.lww.com/
PHM/B861).

RAT TAIL, TARGET, AND BAG OF WORMS

High-resolution US is considered as the mainstay for
detecting/diagnosing peripheral nerve sheath tumors, The
most prevalent types of solitary (benign) tumors in adults
are schwannoma and neurofibroma. The former is derived
from neoplastic schwann cells and the latter originates from
schwann cells as well as from other tissues of the nerve sheath.
Although the definitive diagnosis is histopathological, both
display some characteristic findings on US examination. For
instance, a round shape strongly suggests a schwannoma, a fu-
siform shape is relatively typical for a neurofibroma, and an
oval shape is common for both. In contrast to neurofibromas,
schwannomas appear in an eccentric position with regard to
the peripheral nerve trunk.'? Accordingly, the characteristic
rat tail (a thin hyperechoic line entering and exiting the
nerve) appearance (Fig. 7) is }Jrcscnt in approximately half
of the schwannoma patients.'* Another US feature—which
is more common in neurofibromas—is the farget sign.'* It
is characterized by a hyperechoic fibrous center with a hypo-
echoic periphery (Fig. 8) that contains predominantly myxo-
matous material.'> A subtype of neurofibromas that frequently
develops in individuals with neurofibromatosis type 1 is plex-
iform neurofibroma. In contrast to localized neurofibromas
that arise from a single peripheral nerve, plexiform neurofi-
bromas originate from multiple nerves and involve perineural
components as well as other soft tissue components. As such,
a bulging mass that comprises tortuous bundles of enlarged,
disorganized nerves and connective tissues appears as bag of
worms on macroscopic inspection and US alike.'® The US ap-
pearance is that of multiple hypoechoic nodules, poor margins,

FIGURE 2. Bridge. Calcific deposition (C) in hypodermis in the long-axis view. AS indicates acoustic shadowing artifact.
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FIGURE 3. Tiger eyes. Bilateral effusion (*) around the long head of biceps brachii tendon (B) in short-axis views. D indicates deltoid muscle; H, humerus.

and several feeding vessels within hyperechoic connective tis-
sue (Fig. 9). Notably, these tumors are at significant risk for
eventual malignant transformation.

BLACK HOLE

Sono-tracking of a skeletal muscle in short-axis view
can show sudden disappearance of the normal “starry sky”
appearance (alternation of hypoechoic fascicles and hyper-
echoic perimysium)—being replaced by a large black hole.
Similar to the absence of light in hlack holes of the universe,
no acoustic interfaces can be identified inside an acute/
subacute muscle injury due to hemorrhage instead of connec-
tive tissue and muscle fibers. Under prompt sono-palpation,
compressibility/displacement of the black hole can confirm
the lesion as well as the possibility of aspiration® (Video 4, hitp://
links.Iww.com/PHM/B862).

MISTY MUSCLE

Sono-tracking of a denervated skeletal muscle in short-axis
view can clearly show fibroadipose involution. In other words,
unlike the “starry sky,” a coarse pattern with low visibility of
the hypoechoic background (muscle fibers) and increased hy-
perechoic connective tissues (perimysium) can be observed,
that is, a misty muscle (Fig. 10). Of note, the blurred muscle tissue
would also reduce the sonographic visibility of deeper anatomical

layers—owing to the presence of excessive/pathological acoustic
interfaces that attenuate the ultrasonic beam.

CLOUDS
Myositis ossificans is a rare complication that mostly oc-
curs after traumatic large muscle injury. US can significantly
be contributory in the early diagnosis, even at stages when ra-
diographs are negative.!” Multiple/irregular hypoechoic and hy-
perechoic layers accompanied by posterior acoustic shadowing
(as discussed above) is the main scenario mimicking c/ouds or

cloudy weather'® (Video 5, http:/links.lww.com/PHM/B863).
PISTOL GRIP DEFORMITY

Femoroacetabular impingement syndrome is a clinical en-
tity that refers to the disrupted relationship between the two
bones due to morphological abnormalities from either side.
The two basic types (i.e., cam and pincer) can be evaluated
by x-ray, magnetic resonance imaging, and computed tomogra-
phy,'® but US examination might be of additional values if per-
formed dynamically.”® During long-axis imaging for a cam le-
sion, the shape of the proximal femur resembles a pisto! grip
(Video 6, http:/links.lww.com/PHM/B864).

BOOMERANG AND SPEECH BUBBLE
The bursa between semimembranosus and medial head of
the gastrocnemius tendons is the place of origin for popliteal/

FIGURE 4. Snowstorm. Short-axis view of the olecranon bursa. B indicates bone.
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FIGURE 5. Bottle neck. Long-axis view of the median nerve (N) and flexor tendons (T). B indicates carpal bone.

FIGURE 6. Comet tail. Short-axis imaging of the distal forearm in a patient operated for radius fracture. S indicates screw; B, bone.

FIGURE 7. Rat tail. Radial nerve schwannoma (S) in long-axis view. H indicates humerus.

FIGURE 8. Target. Median nerve neurofibroma (N} in long- and short-axis views.
© 2022 Wolters Kluwer Health, Inc. All rights reserved. Www.ajpmr.com ‘ 187
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FIGURE 9. Bag of worms. Plexiform neurofibroma (PN) originating from superficial/subcutaneous nerve(s).

Baker’s cyst. While its normal or mildly swollen shape resem-  of the bursa. Of note, although the accumulation often contains
bles a boomerang, the appearance looks more like a speech  homogeneous/anechoic fluid, different sonographic findings—
bubble in case of further fluid collection (Fig. 11). The latter  ranging from fibrous septa to hypertrophic/floating synovial villi
ensues mainly because of the dilatation of the superficial arm  floating inside the cavity—might not be uncommon. Accordingly,

FIGURE 10. Misty (left) vs. starry (right) sky. Short-axis view shows fibrofatty involution due to chronic denervation of tibialis anterior muscle.

FIGURE 11. Boomerang. Short-axis imaging over the distal semimembranosus tendon (T) and the proximal gastrocnemius muscle (M). B indicates
Baker’s cyst.
188 | WWw.ajpmr.com © 2022 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 12. Volcano (eruption). Long-axis view shows the meniscal (M) and capsular (C) bulging. *Femoral and tibial osteophytes.

in addition to the shape of a Baker’s cyst, the appearance of its
content would also be important before an onward intervention
(Video 7, http:/links.lww.com/PHM/B865).

VOLCANO (ERUPTION)

In several joints of the musculoskeletal system, the pres-
ence of an intra-articular triangular fibrocartilage can be related
to a peculiar pathological finding that looks like a volcano
(eruption). For mstance, longitudinal scan over the acromioclavicular
joint or the medial aspect of the knee joint shows—in some
patients—the bulging of the aforementioned intra-articular
fibrocartilage also bulging the overlying capsular tissue. In
this sense, the joint line can be considered as the mouth of the vol-
cano and the ejected/extruded meniscocapsular tissue as the boil-

sternum

ing magma. Needless to say, clear recognition of these patholo-
gies might easily navigate the clinician for prompt interventional
planning to “cool down” the natural phenomenon (Figs. 12 and
13) (Video 8, hitp:/links.lww.com/PHM/B866).

SHARK HEAD AND LIPS

Tennis leg refers to strain lesions of the myotendinous
junction of the medial head of the gastrocnemius muscle. Intra-
muscular tear, deteriorated pennation pattern, fluid in the fas-
cial planes, and hematoma can be visualized under US exami-
nation.>?! Especially, the presence of fluid between the medial
head of the gastrocnemius and soleus muscles/aponeuroses
might appear as a shark head with open mouth during long-axis
view. On the other hand, in short-axis imaging, the same vista

stefnum clavicle

FIGURE 13. Volcano (eruption). Long-axis view over the sternoclavicular joint shows normal and extruded (E) sides. *Fibrocartilage.

FIGURE 14. Lips. Tennis leg in short-axis view. * Organizing (black and white arrowheads) hematoma (asterisks). The annotations for the videos have

been embedded for the reader’s convenience.
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might sometimes look like fips (Fig. 14) (Video 9, http://links.
Iww.com/PHM/B867).

ATOMIC MUSHROOM
In patients with clinical suspicion of Morton’s neuroma,
(short-axis view) dynamic assessment can be performed over
the metatarsal heads using the Mulder maneuver. A hypo-
echoic mass protruding outward or a typical artifact when it
is located inward can be quite pathognomonic.’ The outward
“jumping” neuroma can appear as the activation of an atomic
bomb, that is, exploding and generating an atomic mushroom

(Video 10, http://links.lww.com/PHM/B868).
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Dynamic Ultrasound Protocols
for Knee
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This feature is a unique combination of text (voice) and video that
more clearly presents and explains procedures in musculoskeletal
medicine. These videos will be available on the journal's Website.
We hope that this feature will change and enhance the learning
experience.

Walter R. Frontera, MD, PhD
Editor-in-Chief

Abstract: In this dynamic scanning protocol, ultrasound examination
of the knee is described using various maneuvers to assess different
conditions. Real-time patient examination and scanning videos are
used for better simulation of the daily clinical practice. The protocol
is prepared by several/international experts in the field of musculo-
skeletal ultrasound and within the umbrella of European Musculoskel-
etal Ultrasound Study Group in Physical and Rehabilitation Medicine/
Ultrasound Study Group of the International Society of Physical and
Rehabilitation Medicine.

Key Words: Ultrasonography, Knee, Examination, Maneuver, Physiatry

(Am J Phys Med Rehabil 2023;102:¢67-72)

U Itrasound (US) examination of the knee has already be-
come routine in the daily clinical practice of physiatrists.
Although dynamic evaluation is an absolute/added value in knee
examination, a comprehensive approach for knee pathologies
does not exist in the literature. Accordingly, as the extension
of basic scanning,' an international group of experts elaborated
this scanning protocol for dynamic US examination of the knee.

ANTERIOR VIEW
Relevant anatomic structures in the suprapatellar and
infrapatellar regions that are amenable to dynamic US exami-
nation are the quadriceps tendon, suprapatellar synovial recess,
suprapatellar fat pad, prefemoral fat, distal femoral metaphysis,
the trochlea, patellar tendon, Hofta’s fat pad, peripatellar bur-
sae, and the anterior cruciate ligament.

Technique

Scanning starts in the neutral position, that is, the patient
lying supine on the examination bed with the knee in mild flex-
ion (20-30 degrees)—possibly supported with a pillow under
the popliteal fossa. Different angles of knee flexion/extension
and patient positioning can easily be performed during the ex-
amination. The probe is placed anteriorly in the suprapatellar,
juxtapatellar, and infrapatellar regions to assess several bony
structures and surrounding soft tissues (e.g., tendons, recesses,
entheses). As elsewhere, short- and long-axis imaging is done
while bony prominences serve as anatomical landmarks for
prompt orientation.

Clinical Indications

Suprapatellar Extensor Pathologies

While sitting on the examination bed and the ankle/foot
hanging outside, long-axis imaging over the quadriceps tendon
can be performed during active/passive knee movements. Con-
traction of the quadriceps muscle and gliding of its tendon can
be evaluated for different injuries. For instance, a tear in the
quadriceps tendon might become (more) evident with passive
stretching or isometric contraction, that is, “opening the gap”
(Videos 1, 2, and 3, http://links.lww.com/PHM/B907, http://
links.Iww.com/PHM/B908, and http:/links.lww.com/PHM/
B909). Moreover, this maneuver can be useful also to evaluate
an eventual bony avulsion of the superior pole of the patella
(stable or unstable).

Impingement and Intraarticular Loose Body

After evaluating the femoral trochlea and the overlying car-
tilage in maximum flexion, a mechanical conflict that blocks/
impedes the knee extension (i.e., bony spur, hypertrophic
synovium, loose body) can be observed during active/passive
movements. In case of a loose body (e.g., cartilage/bone frag-
ment or calcium deposit), especially the suprapatellar recess
needs to be thoroughly scanned for other “floating objects.”
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Effusion/Synovitis/Fat Edema

Similar to other joint examinations, the presence of
intraarticular fluid is usually the initial parameter to be assessed
in the knee. Herein, as the knee joint is quite superficial, caution
as to not apply unnecessary compression with the probe is par-
amount. Likewise, it 1s also important to recall which position
of the joint facilitates fluid accumulation in which compartment.
While flexion will separate the layers of the suprapatellar recess
that will lodge the fluid, extension will commonly push it toward
the lateral recesses.'*

The normal synovium is thin and hardly detected upon US
imaging. Herewith, synovitis is seen as irregularly thickened,
hypoechoic, nondisplaceable, and poorly compressible tissue
in a great spectrum of inflammatory conditions. As such, in ad-
dition to joint movements, probe or manual compressions (to
aid accumulation) would also be contributory.

Peripatellar fat pads are intracapsular extrasynovial adipose
cushions that accommodate the changing shape.’ Dynamic
scanning with joint/probe movements also allows for better
visualization by mobilizing the fluid/edema content (Videos 4
and 3, http:/links.lww.com/PHM/B910 and http://links.lww.
com/PHM/B911). Moreover, dynamic scanning can also be used
to visualize a snapping or an abnormal displacement of the fat
pads of the knee.®

Anterior Cruciate Ligament

Having oblique trajectory and deeper location, the ligament
is considered to be a challenging structure for US imaging,” '
In practice, it can be evaluated statically and dynamically, that
is, during anterior drawer test'' (Fig. 1). The distal stump can be
observed freely mobile (Video 6, http://links. lww.com/PHM/
B912) during the (increased) anterior translation of the tibia,'?

Patellar Tendinopathy (Jumper’s Knee)

Commonly due to overuse activities, for example, running
and jumping, chronic microtrauma to the tendon is the main
underlying mechanism."* Although static US scanning provides
high-resolution/quality images, the sensitivity/specificity of the
examination can notably be furthered with dynamic assessment
(Fig. 2). Addition of sono-palpation or stretching would be of
great help for better localization of the (minor) lesion or

A B

FIGURE 1. Long-axis imaging of (A) healthy (arrowheads) and (B)
ruptured (?) anterior cruciate ligaments.

e68 | Www.ajpmr.com

FIGURE 2. (A, B) Cadaveric dissection and long-axis imaging (C) shows
the patellar tendon and Hoffa fat pad. P indicates patella; FC, femoral
condyle; T, tibia; *, Hoffa fat pad.

understanding the real-life complaint of the subject (Video 7,
http://links.lww.com/PHM/B913). Moreover, this maneuver
can also be useful to evaluate an eventual bony avulsion of the
inferior pole of the patella (stable or unstable).

Hoffitis

The Hoffa’s fat pad is interposed between the trochlear ar-
ticular surface and the superior tibia posteriorly and patellar
ligament anteriorly” (Fig. 2). Sustained friction and repetitive
microtrauma can lead to the clinical manifestation whereby
pain is commonly exacerbated by hyperextension.'? Likewise,
dynamic US examination during knee extension can reveal the
fat pad edema and/or impingement.'® Tn addition, the origin of
certain cystic lesions within the fat pad (i.e., intraarticular) can be
confirmed—possibly related to the anterior cruciate ligament—
with mobilization of the ligament.

Osgood-Schlatter and Sinding-Larsen-
Johansson Syndromes

These two syndromes represent traction enthesopathy on
either side of the patellar tendon attachments.'® Reactive sec-
ondary heterotopic bone formation, resulting in a visible and
palpable lump on the enthesis, is the main clinical finding.
Thickening of the patellar tendon with low-reflective changes
and associated intratendinous calcifications can be seen during
US examination where dynamic imaging can also reveal stiffness
and reduction of movement in the tendon. Findings pertaining to
cartilage swelling/fragmentation and bursitis (Videos 8 and 9,
http://links. lww.com/PHM/B914 and http://links.lww.com/
PHM/B915) can accompany the scenario as well.'"'®

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. (A) Long-axis imaging and (B) cadaveric dissection shows
the anatomical location of medial collateral ligament (*) and medial
meniscus (MM). VM indicates vastus medialis muscle.

Bursitis

Several peripatellar bursae can be involved either second-
ary to concomitant knee joint disorders or as the primary pa-
thology, for example, Housemaid’s knee. The underlying cause
is commonly overuse and the typical finding is fluid accumula-
tion.'® Therefore, the aforementioned technical tips for joint
fluid and synovitis would also be valid for the examination/
diagnosis of bursitis.

MEDIAL VIEW

The medial aspect of the knee joint is examined with the
leg externally rotated. Relevant anatomic structures in this area
that are amenable to US examination are the medial collateral
ligament, medial femorotibial joint space, medial meniscus,
and the pes anserinus complex.

Technique

Dynamic US imaging with valgus stress can improve the
assessment for integrity of the above-quoted anatomical struc-
tures. For this purpose, the patient is asked to lean on the same
side, with slight knee flexion. After coronal images are ob-
tained at rest, either a small stiff pillow is placed under the lat-
eral aspect of the knee or external manipulation is applied to
produce valgus stress. Widening of the medial joint space can
increase the overall visibility of structures whereby flexion/
extension might better show reciprocal relations between fe-
mur, menisci, ligaments and tibia.

Clinical Indications

Medial Collateral Ligament Injury

Commonly in different sports players, overuse injuries of
the medial collateral ligament can ensue and cause joint insta-
bility.'¥ Involvement of the meniscofemoral ligament is more

© 2022 Wolters Kluwer Health, Inc. All vights reserved.

frequent and dynamic examination under valgus stress would
be noteworthy, especially for partial-thickness tears. Further
detailed examination of this area can be done as described pre-
viously, also/especially the histological junction between the
medial meniscus and the meniscofemoral or meniscotibial
ligament after trauma.?’ While a reproducible anechoic gap
is the hallmark for tears, attachment site calcifications might
also develop (i.e., Pellegrini-Stieda syndrome) and hamper the
movement during valgus stress.

Similar to other sites, bursitis between the superficial and
deep fibers of the meniscotibial ligament (Video 10, http://
links.lww.com/PHM/B916) can be observed (i.e., bursitis of
Voshell).?!*? Assessing the real-time interactions between fluid
and fibrous components (Video 11, http://links.Iww.com/PHM/
B917) can be contributory to better ascertain the diagnosis
and treatment.*

Medial Meniscopathy

The medial meniscus can be visualized in coronal and cor-
onal oblique views by placing the probe perpendicular to its
(superficially located) base (Fig. 3). Again, widening the medial
joint space by valgus stress increases the visibility for better
evaluating its stability. Moreover, extrusion—defined as the ex-
tension of meniscus beyond the medial edge of the tibiofemoral
joint™—can even be examined/measured in lying and standing
positions. Previous studies have demonstrated that extrusion
increases with weight-bearing in both healthy and arthritic
knees.”** By adding maneuvers (e.g., flexion/extension,
valgus/varus stress), dynamic US assessment can further help
to better evaluate mobility of the medial meniscus to highlight
microinstability or macroinstability and/or extrusion. In ex-
treme conditions (e.g., snapping, locking), understanding the
exact mechanism would, for sure, guide the management as
well (Videos 12, 13, and 14, http:/links.lww.com/PHM/B918,
http://links.lww.com/PHM/B919, and http://links.lww.com/
PHM/B920). In some patients, during the dynamic maneuver,
a subluxation or luxation of the medial meniscus can be visual-
ized slipping under the superficial fibers of the medial collateral
ligament.>® Another interesting “indirect” sonographic sign of
medial meniscus instability is the dynamic bulging of superior/
inferior para-meniscal recesses during the dynamic assessment.
Indeed, articular effusion flows inside the aforementioned re-
cesses during the valgus stress in patients with instability of
the medial compartment of the knee.?

Pes Anserine Pathologies

The pes anserine complex is composed by the intermingling
tendons of the sartorius, gracilis, and semitendinosus muscles.
It inserts into the anteromedial aspect of the tibial metaphysis,

FIGURE 4. (A) Cadaveric dissection shows the anatomical location of
pes anserine tendons. (B) Long-axis imaging shows the pes anserine
complex (tendons and bursa) in a scenario of bursitis.

www.ajpmr.com | €69
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5-6 cm below the joint line!® (Fig, 4). Although difficult, indi-
vidual tendons can be distinguished with their shapes/locations
and flexion/extension movements.

Snapping pes anserine tendons are the main cause of
extra-articular knee snapping.*® During dynamic assessment
with repetitive flexion/extension of the knee, snapping of the
pes anserine tendons can be visible (as well as audible).”!
The examiner must take care to keep the transducer anchored
on the anatomical structures in question while performing
relevant/dynamic maneuvers.

Tendinitis/bursitis of the pes anserine region or ganglion
cysts can be observed in various patients, for example, rheu-
matoid arthritis and diabetes mellitus.*?> Like elsewhere,
while sono-palpation can help to localize/differentiate the ex-
act cause, passive/active movements might help to confirm
structural lesions.

Medial Retinaculum or Patello-Femoral
Ligament Problems

Dynamic US scanning from the medial patellar window
can improve the assessment of medial ligamentous complex in-
tegrity. As the patient lies supine, the examiner can mobilize
the patella in the lateral direction. This way, complete/partial
avulsion of these structures from the patella, for example, tom
edges or gap filled with fat, might become more evident 3334

LATERAL VIEW

Technique

The lateral aspect of the knee joint is best examined by
asking the patient to rotate the leg internally. From anterior to
posterior, the structures to be evaluated are the distal aspect
of the iliotibial band, the external femorotibial joint space with
the lateral meniscus, the lateral collateral ligament, the popliteus
tendon, and the distal biceps femoris tendon. Imaging the pero-
neal nerve is also commonplace in daily practice. The patient is
asked to lean on the contralateral side of the examined knee,
maintained in slight flexion. Then, a small stiff pillow is placed
under the medial aspect of the knee to produce varus stress with
the weight of the leg. For sure, varus stress can also be produced
with manual compressions, and extra active/passive movements
can help to better visualize the different anatomical structures
simulating daily life.

Clinical Indications

liotibial Band Syndrome (Runner’s Knee)

Iliotibial band (friction) syndrome is an overuse disorder
of the lateral knee. It is commonly reported in athletes, such
as runners and cyclists, and refers to local pain related to physical
activity.*® The friction against the lateral condyle is more ap-
parent at 30 degrees flexion of the knee. As such, dynamic
US examination can uncover the precise mechanical conflict
during joint movements—especially when combined with
sono-palpation and the clinical findings. Of note, the pres-
ence of a bursa in between can also be observed during mobi-
lization of the joint/probe (Videos 15 and 16, http:/links.lww.
com/PHM/B921 and http://links.lww.com/PHM/B922).

e70 | WwWw.ajpmr.com

Lateral Collateral Ligament Injury

This ligament is the primary stabilizer with regard to varus
instability of the knee.3® Similar to the medial side, long-axis
imaging with varus stress can easily be applied. Considering
the difficulty of (otherwise static) imaging for this ligament, es-
pecially in partial tears, such a maneuver might significantly
facilitate the imaging of an anechoic gap between the fibers
of the ligament or between the ligament and its insertions.
Again, insertional lesions can be accompanied by bony avul-
sions and overt lesions might cause joint instability whereby
both scenarios can be explored under US (Videos 17, 18, and
19, http://links.lww.com/PHM/B923, http:/links.Ilww.com/
PHM/B924, and http://links.lww.com/PHM/B925).

Lateral Meniscopathy

Peripheral (vascular) zone problems of the meniscus (e.g.,
radial tear, instability) can dynamically be tested. The painful
catch-up clunk, most commonly present with active flexion/
extension knee movements, can indicate translocation of the
lateral meniscus or associated meniscal cyst.*”

Lateral Retinaculum or Patello-Femoral
Ligament Problems

Similar to the medial complex, the examiner can mobilize
the patella toward the opposite direction, trying to cause patellar
dislocation. Likewise, the probe can also be used to apply me-
chanical stress while the integrity of the lateral complex can be
assessed.”™? For sure, the physician is free to test extra maneu-
vers in light of the clinical/physical examination findings.

Snapping Biceps or Popliteus Tendons

During flexion/extension of the knee joint and depending
on the probe localization, snapping biceps femoris or popliteus
tendons can be visualized over the fibular head or along the popli-
teal groove, respectively.”® ** Needless to say, in case of snapping,
relevant structures can also display findings of overuse, for exam-
ple, edema, partial tear and swollen bursa (Video 20, http:/links.
Iww.com/PHM/B926).

Peroneal Neuropathy/Entrapment

Whereas static imaging can show several forms/reasons of
peroneal nerve entrapment around the fibula, dynamic exami-
nation might provide additional information using sono-Tinel
and knee movements (Video 21, http:/links.lww.com/PHM/
B927), especially in the presence of nerve dislocation (because
of space-occupying lesions, fractures, osteophytes, and fibular
deformities

POSTERIOR VIEW

The posterior aspect of the knee joint is examined by ask-
ing the patient to settle in prone position, The structures to be
evaluated are semimembranosus-gastrocnemius bursa, popli-
teal neurovascular structures, and the posterior cruciate liga-
ment. Active flexion/extension movements can help to better
visualize the different anatomical structures. Moreover, the ex-
aminer can study the stability of these structures with the help
of counter-resistance (maneuvers).

© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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Baker (Popliteal) Cyst

While evaluating the popliteal fossa, it is important to ex-
amine the semimembranosus-gastrocnemius bursa from which
Baker cysts originate. They generally communicate with the
joint space through a thin neck and a valvular opening, which
allows flow during knee flexion but (because of the tension be-
tween the aforementioned muscles) not during extension.** Ac-
cordingly, dynamic US assessment may help to visualize this
“fluid behavior,” as well as its content. In addition, in case of
ruptured cysts, fluid may be seen tracking inferiorly in the calf
(gastrocnemius-soleus complex), possibly causing a painful sce-
nario also known as pseudothrombophlebitis (Video 22, http://
links.lww.com/PHM/B928).

Popliteal Artery Entrapment Syndrome

This clinical condition refers to compression of the popli-
teal artery secondary to its relationship with abnormal proxi-
mal insertion of the medial gastrocnemius or popliteus mus-
cles. It is a rare condition, with higher prevalence in young
healthy males, whereby the symptomatology consists of vascu-
lar insufficiency in the absence of any atherosclerotic disease,
Initially, it can be asymptomatic but later on might cause calf
claudication and loss of arterial pulses during ankle motions.*
Dynamic US and Doppler scanning might really be contribu-
tory if performed during ankle plantar/dorsiflexion.

Intraarticular Effusion

Similar to the anterior side, especially a massive amount
of joint effusion can be assessed from the posterior side as well.
As the patient is lying prone, active flexion with counter-resistance
may mobilize the fluid and make it (more) apparent. Like else-
where, the examiner should be cautious while using the probe,
because excessive compression might be misleading but—on
the other hand—also necessary to evaluate its nature.”

Impingement and Intraarticular Loose Body

Various types of intraarticular lesions may produce a mass
effect with subsequent impingement of neighboring anatomic
structures in the posterior knee. The spectrum might comprise
osteochondral body, ganglion cyst,*"*® localized nodular syno-
vitis, *° lipomﬂf0 exostosis,”! and rheumatoid nodule.*? Dy-
namic US is well suited for analyzing the behavior of a mass
while the patient is asked to reproduce the snaps and/or other
knee movements.

Posterior Cruciate Ligament

Similar to the anterior cruciate ligament, it can be evalu-
ated statically and dynamically. Its thickening greater than
1 cm or hypoechogenicity might indicate injury, whereas focal
disruptions or diffuse thickening might rather be suggestive of
a tear.”***>° During active movements together with the use
of counter-resistance or posterior drawer test, the examiner
can better evaluate the integrity (Video 23, http://links. lww.
com/PHM/B929).
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ABSTRACT

Intra-abdominal pressure is a hydraulic pressure within the abdominal cavity. Previous studies confirmed its
direct association with both spinal stability and spinal unloading. The literature review part of the paper
summarizes intra-abdominal pressure physiology and pathophysiology and explains the underlying
mechanisms of intra-abdominal pressure regulation and its effects on the human body, especially spinal
stability. Current methods of invasive and non-invasive intra-abdominal pressure measurement are described
in detail. Second part of a paper presents a case report of a competitive athlete suffering from low back pain.
The functional assessment and treatment focused on quality of patient’s trunk stabilization. Training
following principles of Dynamic Neuromuscular Stabilization resulted in better ability to activate abdominal
wall muscles which is a critical mechanism of intra-abdominal pressure regulation and in this case caused
significant low back pain reduction. The effect of the therapy was evaluated by DNS Brace which measures
activity of the abdominal wall, thus intra-abdominal pressure indirectly, along with clinical Dynamic
Neuromuscular Stabilization assessment tests.

Keywords: Intra-abdominal pressure, diaphragm, abdominal wall, spinal stability, objectification of postural
stabilization
DOI: https://doi.org/10.24040/sjss.2021.7.2.3-18

INTRODUCTION IAP (4). It is all under the control of the central
Stabilization of the lumbar spine - physiology nervous system (CNS). The consequences of the
Postural stabilization is necessary for pathological action of internal forces are often
human body movement (1). External forces affect underestimated and the measurement options are
the human body during each movement. The body still limited. The evaluation of TAP may be useful

responds with the formation of internal forces in a variety of clinical outcomes (5).
mainly by muscular activity. This is so-called The postural role of IAP has been subject
postural activity (2). The abdominal cavity is the to research for almost 100 years. Dating back to
space limited by the diaphragm superiorly 1923, Keith et al. suggested that IAP may affect
and the musculo-aponeurotic perineum inferiorly, spinal loading (6). In 1942 Bradford a Spurling
the lumbar spine posteriorly and the walls published a study stating that spinal erectors put a
of the abdominal cavity anterolaterally (3). 680 kg load on the spine during movement (7). In
Postural activity is represented by 1957 Bartelink experimented with a stress tests on
strengthening/stabilizing function of these muscles intervertebral discs reporting structural damage
and its ability to create intra-abdominal pressure occurring at the level of 136 kg load (8). In 1959
3
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Davis reported IAP increase during load lifting (9).
Without any compensatory unloading mechanism,
the spine and especially the intervertebral discs
would easily be damaged with every strenuous
movement. Ground-breaking studies conducted by
Hodges and colleagues have confirmed that IAP
alone without any trunk muscle activity increases
the stability of the lumbar spine, protects the spine
from excessive loading, reduces axillary
compression, and transfers the load to a larger area

(4,10).
necessary proper coactivation between previously

For the stability in the lumbar spine is

mentioned muscles that regulate IAP such as the
diaphragm, pelvic floor muscles, abdominal
muscles and spine extensors (4,11). It is important
to mention that the diaphragm not only provides
respiration and sphincter function but also a
postural function (12,13). Electromyography
(EMG) has shown that diaphragmatic contraction
is modulated by postural and ventilation
requirements (12). If the diaphragm contracts
the tendon of the

diaphragm drops inferiorly, creating a pressure

physiologically, central
gradient that drives air into the lungs and with the
help of pelvic floor and abdominal wall activity
increases the pressure in the abdominal cavity
(14,15).

Activation of the trunk muscles keeps all
segments of the spine in a biomechanically neutral
position during movement (8). The pelvis and
lumbar spine are reflexively stabilized before limb
movements (12,16). Even if IAP is an important
phenomenon in rehabilitation and is often studied,
its specific function and role remains unclear
(17,18). An obstacle in the studying [AP is the
measurement  complexity in  experimental
conditions especially in vivo. Many authors have
already described the positive effect of IAP on
spinal stability and spinal unloading but its

importance still needs to be objectively studied

(18).
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Although several studies (4,11,19,20) have
shown a connection between the increased 1AP
and spinal stability, it is not entirely clear whether
this mechanical support for the spine is due to the
increased IAP or the abdominal muscle activity
itself which contributes to IAP (4). According to
Mokhtarzadeh et al., the relative role of the IAP in
spine mechanics has remained controversial and
IAP alone without current muscle co-activation is
not sufficient (15). On the other hand, Hodges et
al. showed in their study that the stiffness of the
lumbar spine during various functional movements
is increased when IAP is elevated even without
simultaneous muscle contraction (3). They suggest
that IAP may be a beneficial tool for the CNS to
increase spinal stability in all directions (4).
Similarly, Stokes et al. reported that elevated IAP
increased lumbar spine stability regardless of the
primary muscle involved (18). Among others,
Hodges et al. also described the fact that crura of
diaphragm, by its contraction, causes direct
traction of the lumbar spine in the area of their
attachment and it promotes the effect of [AP (4).
McGill et al. created a theory that elevated IAP
increases lumbar spine stability by limiting
translation (16).
According to these authors, the IAP helps to
maintain the correct position of the moving parts

intervertebral rotation and

of the spine by minimizing, or even completely
eliminating, very small movements of shear forces
in the area of the facet joints. This hypothesis could
be a possible reason why patients, who are forced
to move even with severe lumbar spine pain, hold
their breath (21).

The lumbar spine complex is adapted to
carry an external load. Stress is transmitted to the
solid bodies of the vertebrae and relatively elastic
disks. Excessive mechanical loading leads to
damage to the intervertebral discs (22). Arshad et
al. showed in a biomechanical model that IAP

significantly reduced the compressive forces on

4
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the spine and at the same time reduced the need for
muscle force involvement (23). According to some
authors, higher IAP values lead to spinal relief, but
maximum challenging activation such as the
Valsalva maneuver have got the opposite effect
due to the hight levels of muscle coactivation (24).
However, Stokes et al. argue that the extension
effect of IAP 1s greater than the flexion moment
created by the abdominal wall muscles. In a
biomechanical model of the spine, they have
shown that IAP has the effect of relieving the spine
in all directions of movement (18).

Other authors suggest that IAP creates a
force caudally against the pelvic floor and
cranially against the diaphragm, thus creating an
extension moment of the spinal (4). Although IAP
alone does not produce spine extension, it is
associated with an antagonistic co-activation of
flexors and extensors that increases the stability
and strength of the spine (4). In addition, according
to Daggfeldt et al., this mechanism could help
reduce lumbar spine overloading indirectly by
creating an extension moment thus reducing the
(25).
This thought is also supported by Cholewicki et al.

need for spinal extensors activation
that [AP is active in movements that require trunk
strength for extension such as lifting objects or
jumping can increase the stability of the spine
without simultaneous co-activation of the spinal
erectors (20). In order to achieve the greatest
possible spinal protection, the cross-section of the
lumbar part of the trunk must be as large as
possible. The diaphragm and the pelvic floor must
work exactly opposite each other (25). According
to some authors, it is also important that [AP
maintains the hoop-like shape of the muscles
around the abdominal cavity, thus preventing their
shortening and collapse towards the abdominal

cavity which could impair their ability to contract

(21).
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Impairment of the trunk stabilization

Low back pain (LBP) is one of the most
common reasons for seeing a health care provider
(26). Thus is also often the cause of inability to
work, as it mainly affects individuals of working
(26,27). Deficits
stabilization are mostly of muscular or neural

age m the lumbar spine
origin so the right chosen physical therapy and
motor control training that would induce proper
co-activation between muscles is recommended
(28-30).

Poor postural muscle coordination and
deficiency in its stabilizing function is considered
to be an important etiological factor in spinal
disorders associated with back pain such as
deformed spondyloarthritis, intervertebral disc
protrusion or spondylolisthesis (19,28,31). The
results of studies confirm that abnormalities in
motor control may be not only the cause of LBP
but also its consequence (32,33). The dependence
between the disorder of postural control and the
delay in the reaction time of the trunk muscles is
a prerequisite for the development of pathology in
the lumbar spine. This disorder can be a significant
risk factor for lumbar spine injuries (34).

Based on the research results stated above,
in clinical practice it appears to be important to
evaluate the quality of postural stabilization, to
measure IAP and to objectivize individual’s ability
to regulate the IAP in response to postural load.
However, the methods of objective postural trunk
assessment and especially of IAP evaluation in
relation to postural stabilization are still not
unequivocally defined and routinely used. This
paper further summarizes currently available
methods to evaluate the IAP within clinical
assessment.

IAP evaluation

If IAP corresponds with postural stability

(4,19,35), we can evaluate postural stability

by assessing the [AP. There are various methods of
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IAP evaluation with its pros and cons. IAP
measurement can be divided into direct and
indirect methods. Invasive measurement of the
[IAP can be done using the caval catheter or
transperitoneal measurement during laparoscopic
operation. Indirect measurement of IAP can be
done using gastric/anorectal/vesical or vaginal
probe. The common disadvantage of such [AP
evaluation methods is that it is invasive and
uncomfortable for the subject. On the other hand,
it is the most accurate way of assessing the [AP
(37,38).

A. Transperitoneal measurement
This method of direct IAP evaluvation is the most
accurate (36). In clinical applications it is used for
peritoneal dialysis or continuous paracentesis. In
the research field it is considered the gold standard
for comparison with other invasive methods in
case of evaluating [AP. However, it is not used in
the rehabilitation and musculoskeletal research
and practice because of its invasiveness (37,38).

B. Intracaval measurement
Another example of direct [AP measuring is
intracaval measurement. The catheter is inserted
via femoral vein to inferior vena cava. The position
of the catheter is monitored by ultrasound or x-ray.
This procedure is time consuming but allows
continuous and accurate results. Disadvantage of
this method is possibility of circulatory system
infection, bleeding or thrombosis (39).

C. Intravesical measurement
Intravesical measurement is the most common and
the most reliable indirect method of monitoring
intra-abdominal hypertension (39). This method is
recognized as the gold standard for monitoring
intra-abdominal compartment syndrome. It may be
advantageous way of AP monitoring in patients
having an intravesical catheter because of urinary
drainage (39). This method is based on the fact that
the urinary bladder can transduce IAP. The
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measuring itself is done in laying supine position
(38).

D. Intravaginal measurement
In this method the pressure sensor is situated in the
vagina. Advantage of this method is that wireless
sensors can be used, so the IAP can be evaluated
during everyday activities (40,41). Disadvantage is
that it can only be used in women.

E. Intrarectal measurement
Another method is performed via the rectum.
Advantage of this method is that the patient can
move and do some physical activities, while the
IAP is measured (42). According to Dolan et al.,
20% of women refuse to undergo this examination
because of fear and they prefer intravaginal
measuring (43). Contraindications for examination
are bleeding from lower gastrointestinal tract or
diarrhea (38).

F. Intragastric measurement
The last option of indirect IAP measuring is a
naso/orogastric or gastrostomy probe. Gastric
measurement is not used in daily praxis because
the patients report it as very uncomfortable.
Moreover, it is more exXpensive compared to
intravesical measurement. The other disadvantage
of gastric measurement is that the [AP can be
influenced by stomach contractions, which occur
every 90 minutes lasting about 2 minutes (44).
Advantage of this approach is that the IAP can be
recorded continuously and can be measured during
natural movements such as walking or running
(45).
In conclusion, because of its invasiveness these
methods are used more for evaluating IAP
hypertension, compartment syndrome and for
research, then in clinical care.
Trunk muscle activity evaluation

A. Electromyography (EMG)
A standard testing method for muscle activation is
EMG. It can be assessed either by non-invasive
EMG invasive needle EMG.

surface or

6
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Disadvantage to both is that they evaluate more
local muscle changes versus coordination of all
trunk muscles. Surface EMG cannot be used to
assess deep spinal stabilizing muscles. EMG is
used more in research than in clinical care (46).

B. Ultrasonography (US) evaluation
Trunk muscle activation can be assessed by real
time US to measure the thickness of abdominal or
spinal muscles. This method is non-invasive and
quite inexpensive, but its reliability is dependent
on the experience of the examiner. Compared to
EMG, US evaluation can be utilized to assess the
deep muscles (47). Similarly to EMG ultrasound
provides information about local muscle
contraction rather than global muscle coordination.

C. Dynamometry
Dynamometry represents another method to
evaluate trunk muscle activation. This non-
invasive method measures external forces
produced by abdominal wall expansion. Malatova
et al. described a tool which consists of four
sensors attached to the human body (48). Similar
method was introduced by van Ramshorst et al.
who correlated IAP with abdominal wall tension.
Ramshorst et al. used a special dynamometer to
monitor abdominal wall tension resulting from
IAP changes in corpses, in which the IAP was
changed artificially by insufflation. This study
reports that abdominal wall tension reflects the
IAP (49).

D. Pressure biofeedback unit
Another possibility of evaluating trunk muscle
activation is pressure biofeedback unit. It is
basically a tool made from three air chambers and
pressure sensors that is placed under the patient.
Disadvantage of this method is that activation of
the trunk muscles can be evaluated only in certain
positions such as lying down. This method of
assessment is not useful in dynamic evaluation in
difficult postural positions (50).

E. OhmTrak sensor
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A non-invasive measurement of the force
production of the abdominal wall are sensors
inserted in belt such as Ohmbelt device with the
OhmTrak sensor (Ohm Belt, Nilus Medical LLC,
2019 © OHMBELT, Redwood City, CA, USA). It
1S a core activation and breathing tracker. A
research version of the device was designed by the
manufacturer for the trial purposes, which differs
from the commercial version operating with one
sensor. The research version utilizes two sensors
recording data simultaneously with a software app
to display and record both sensor force data. It
consists of two capacitive force sensors of 15 mm
diameter, 0.35 mm thickness, full scale range 0.45
kg, minimal detectable force 0.9 g, attached to the
abdominal wall by adjustable straps. The force
sensor which faces the subject’s skin, is pressed
against the abdominal wall by an adjustable strap.
Abdominal wall expansion and retraction is
recorded by the sensor as a force. The sensors
register the force exerted by the abdominal wall
during respiration and various postural tasks. The
research version of Ohmbelt allows to monitor
simultaneously the instantaneous muscle force at
two different trunk locations. Both the amount of
the force and its dynamics over time can be
analyzed. The sensors are also equipped with
accelerometers to capture any kyphotic trunk
synkinesis, 1.e. substitutive trunk movement
replacing abdominal muscle activation. A built-in
tensometric transducer converts the force to the
digital signal that is transmitted wirelessly via
Bluetooth to the computer where the software
graphically displays the results. The program
records any time sequences with the numerical
values exported into
data

graphical imaging and data saving is available

(51).

being automatically

Microsoft Excel. Immediate analysis,
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F. Dynamic Neuromuscular Stabilization (DNS)
Brace

DNS Brace device (Produced by Ortotika,
FN Motol V Uvalu 84, Praha) is a trunk orthosis
equipped with four sensors working on a
mechanical-pneumatic-electronic principle. The
brace can be fixed firmly to the trunk while not
preventing the expansion of soft tissues.
Four mechanical-pneumatic-electronic sensors are
placed on the inner wall of plastic trunk orthosis.
Two ventral sensors are located bilaterally above
the groin and two sensors are located on the brace
parts adhering to latero-dorsal sections of the
abdominal wall specifically the trigonum lumbale
superius. The sensors consist of an air chamber,
which detects changes in hydraulic pressure when
the sensor is deformed. This chamber is connected
by a capillary silicone tube to a digital pressure
sensor. As the abdominal wall expands, the IAP
increases, which is monitored through the pressure
sensor and the pressure value is transmitted via a
tube to the digital sensor. The brace sensors
measure the pressure exerted by the abdominal
wall in kilopascals (kPa) and transfer the data via
Bluetooth to a smart-phone or computer so the data
can be statistically processed and graphically
displayed (52).

G. Clinical tests
The most common and used approach for trunk
muscle activation assessment is subjective
evaluation using clinical tests (53). Clinicians use
their fingers to palpate the quality and symmetry
of abdominal wall during client’s activation.
Further description of clinical tests can be found
elsewhere (52,54,55).

Suggestions for clinical practice

80% of western population will experience
a LBP at some time during their lives (56). To treat
LBP properly and to achieve long lasting results it
stabilization

is necessary to measure trunk

objectively. Evidence based data will help to set up
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optimal treatment plan, to review the therapy
results, to evaluate self-treatment effect and to
compare various methods of treatment. Monitoring
and training postural stabilization also plays an
important role in athletic population to treat and
prevent repetitive strain back pain and to promote
sports performance (57-59). Since human posture
is dynamic, we need a tool to measure IAP and
trunk muscle stabilization function in various
postural situations. We need to combine clinical
assessment with objective measurement. One way
to do it, is to use core activation trackers such as
Ohmbelt, DNS Brace and alike during dynamic
clinical testing. Sensors attached to trunk can
inform us objectively about trunk stabilization
function and IAP regulation since the IAP
correlates with the abdominal wall tension
monitored by the sensors (60,61). Body position
has significant effects on abdominal wall tension
thus also IAP (62). Bellow we present a short case
study of a patient with LBP demonstrating how a
core tracker device specifically the DNS Brace can
be used in an athlete to evaluate and train postural

stabilization.

CASE REPORT

An 18-year-old male, competitive canoeist,
training 5 times a week 4 hours a day (2 hours
rowing, 2 hours gym work) presented with acute
low back pain, radiating in L5 nerve root
projection to his left leg and thumb. He reported
5/10 intensity of pain on visual analogue scale
(VAS). During the preparation for a championship
canoeing event, the patient could no longer
straighten up after training. Magnetic resonance
imaging (MRI) revealed narrowing of the spinal
canal at the level of a broadly mediodorsally
arched disc L4/5 (3 mm), small dorsal osteophytes
L4-S1 and hypertrophic intervertebral joints L4-S1
bilaterally due to spondylarthrosis.
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Clinical examination consisted of three
tests according to DNS examination protocol, i.e.
resting breathing, loaded breathing and the
diaphragm test (52,54). All three tests showed that
the patient was not able to sufficiently activate the
dorsolateral parts of the abdominal wall, lacked
lateral expansion of the lower part of the thorax,
there was cranial migration of the ribs and the
thoracic spine became kyphotic during DNS
testing. At the same time, there was excessive
activity of the upper part of the rectus abdominis
muscle, cranial migration of the umbilicus,
concavities of the abdominal wall above the
inguinal canal and there was shoulder protraction.
Clinically, these are the signs of compromised
core stabilization and poor IAP regulation (54,63~
65). When analyzing the patient's sport training
stereotypes, the same abnormal patterns as in DNS
testing were identified including insufficient
uprighting of the lumbar and thoracic spine, lack
of rotation at the thoracic spine, protraction of the
head and shoulders along with de-centration of the
shoulder blades. Such signs of suboptimal postural
stabilization were present also in sitting positions
which is a basic position for canoeing. For
objective assessment DNS Brace measurement
were performed to analyze abdominal wall activity
during resting breathing, diaphragm testing and
loaded breathing (51,52)(see Fig. 1,2, and 3 and

Table 1).

The patient underwent 12 individual
therapies  provided by an  experienced
physiotherapist. During each 60 minutes

physiotherapy session soft tissue and mobilization
techniques were first applied to treat trigger points
and joint blockages in thoracic and lumbopelvic
area. Following this, the main part of the therapy
focused on trunk stabilization training utilizing
DNS principles (63—65). Another goal was to train
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isolated movement in the hip and shoulder joints
while maintaining optimal core stabilization and
correct sitting position. During the first few
DNS

developmental positions were trained (63-65).

physiotherapy sessions mostly static
Later the training focused on dynamic variants of
the DNS development exercises. At the end of the
3 months rehabilitation period load was added to
the exercises. The patient was advised to perform
DNS

principles of DNS to sport training.

self-treatment daily and to integrate

The clinical assessment after the therapy
revealed improvement. In all three tests, resting
breathing, loaded breathing and the diaphragm
test, patient’s lower chest aperture expanded
proportionally in all directions during inhalation,
the intercostal spaces expanded appropriately and
the patient was able to keep the spine upright
during the entire tests. Balanced activation of all
portions of the abdominal wall was observed and
the ability to keep the chest in a neutral position
was established. In the sitting position typical for
canoeing, there was a noticeable adjustment in
trunk stabilization, straightening of the thoracic
and lumbar spine as well as proportional activation
of all sections of the abdominal wall. Stability of
the trunk allowed for improved optimal functional
stereotypes of the upper limbs. At the end of the 3
months therapeutic intervention,

reported a VAS score of 1/10.

the patient

DNS Brace measurements

To monitor abdominal wall tension, a DNS Brace
(52) was utilized. This was chosen specifically
over other approaches because it allows non-
invasive assessment with simultaneous recording
from four sensors. It is safe, easy and fast method
providing the most comprehensive information
about the abdominal wall activity.
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The following measured scenarios were taken with
the patient sitting (Figure 1):

1) Resting breathing: The participant was
breathing naturally
Loaded breathing: The participant held
a load of 20 % of his body weight in
hands in front of the trunk
Diaphragm test: The participant was
expanding the abdominal wall pushing

2)

3)

as much as possible against all four

|
sensors attached to DNS Brace (two

sensors located above inguinal

ligament, two sensors in upper lumbar

triangle bilaterally) both during
inhalation and exhalation (54)

Fig 2-4 and Table 1 depict abdominal wall activity

measured before and after the therapy. An

improvement was identified in all three DNS

Brace tests after the 3 months treatment period.

Figure 2 Resting breathing - comparison of DNS brace values before and afier intervention

——Resting breathing before intervention
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Figure 3 Loaded breathing - comparison of DNS brace values before and after intervention
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Figure 4 Diaphragm test - comparison of DNS brace values before and afier intervention
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Table I DNS assessment protocol and DNS Brace measurement results
RESTING LOADED
SCENARIO BREATHING BREATHING DIAPHRAGM TEST
DNS DNS DNS DNS DNS
assessment | DNS Brace | assessment Brace assessment Brace
protocol Average protocol Average protocol Average
(16 points | value (kPa) | (28 points value (28 points value
max) max) (kPa) max) (kPa)
, Joelone 6 2,28 13 11,06 1 8,13
intervention
. At 14 10,09 24 21,02 24 26,42
mtervention
Difference +57,2% +79,1% +45,8% +47.4% 54,2% +69,23%

Note: Clinical assessment performed according to DNS Assessment protocol (54): Breathing stereotype: 16

points = optimal stereotype; Loaded breathing and Diaphragm test: 28 points = optimal stereotype. The
smaller the number the worse the stereotype (54).

DNS Brace: the values are given as the average of all 4 sensors
DISCUSSION
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After the 3 months therapeutic intervention
focusing on trunk stabilization training the patient
became almost painless and was able to return to
full training regime and competition. The critical
part of rehabilitation was integration of proper
postural stabilization in sports training to prevent
repetitive overstrain of the musculoskeletal
system. The positive effect of DNS training on the
reduction of pain and the enhancement of sport
performance has been previously demonstrated by
Davidek et al (66). Six weeks DNS training
resulted in significant increase of paddling force
measured at kayak ergometer and in reduced pain
when moving the arms above the head which is an
important aspect in paddling (66). DNS exercises
targeting trunk stabilization and segmental
movement in the mid-thoracic spine also proved to
be effective in the population of competitive cross-
country skiers by decreasing back pain and
improving sensory perception in thoracic region
(67). The positive effect of DNS stabilization
strategies on race walker performances has been
proven by Panse et al (68). Jebavy et al. report that
stabilization-oriented exercises prevent injury and
overloading in elite futsal players (69). Jebavy (69)
used the same DNS tests for deep stabilization
system assessment, however, they evaluated the
stabilization function only subjectively on a five-
point scale using modified DNS examination
protocols (54) without any additional objective
measurement. Our case report combined clinical
DNS assessments with objective measurements of
abdominal wall tension using a DNS Brace.

The main goal of the canoeist’s DNS
treatment and training was to straighten the lumbar
spine, practice segmental rotation in the thoracic
spine segments and stabilize the pelvis when
moving the upper limbs. Such movements form the
basic paddling stereotypes. Similar strategy
previously proved to be effective in training of

other contralateral sport locomotion stereotypes
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such as flat water kayaking (66), cross country
skiing (67) or futsal. (69) At the end of the
therapy the patient was able to practice DNS
positions with good quality as defined by DNS
assessment protocols (54) as well as in the gym and
on the rowing machine. Both clinical and DNS
Brace measurements before therapy illustrate
almost no expansion of the abdominal wall during
resting inhalation. The red curve in the Figure 2
shows only a minimal increase in IAP during
inspiration relative to resting expiration baseline.
This is related to clinical observation that the
patient elevated his chest during inspiration, i.e.
used accessory respiratory muscles especially
sternocleidomastoid and scalenes to assist in the
rib cage elevation, instead of primary inspiratory
muscles such as the diaphragm and external
intercostal muscles. The post-treatment blue curve
depicts much larger inspiratory wave which
reflected in clinical assessment as abdominal wall
expansion. At the end of quiet exhalation, the
curve returns to the baseline, which we consider to
be normal since at the end of quiet expiration the
IAP value should be minimal (70). Based on DNS
Brace and clinical assessment, it can be concluded
that after the therapy, the respiratory function of
the diaphragm and trunk muscle coordination were
optimized.

The aim of the second measurement
(Figure 3) was to verify how the patient reflexively
reacts to holding a load and whether he uses IAP
to stabilize the core during the postural challenging
situation. Comparing to the red curve before the
therapy, the blue post-treatment curve reflects
more intensive activation of the abdominal wall
both during inhalation and exhalation indicating
higher IAP and better stabilization throughout the
movement and more appropriate dual respiratory
and postural function of the diaphragm. IAP
increase during weight holding (31,35,61) is a

critical mechanism of spinal stabilization and

12
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protection from injury and should be noted both
clinically and by objective measurements.

The third test is called the diaphragm test
(Figure 4). It serves to evaluate a patient's
voluntary ability to engage the abdominal muscles
with proper coactivation of the diaphragm and
pelvic floor (54). During clinical assessment the
individual is instructed to inhale and push actively
against clinician’s fingers palpating the latero-
dorsal sections of the abdominal wall. With the
DNS Brace he activates the abdominal wall against
all four sensors placed in the upper lumbar triangle
and above the inguinal ligament bilaterally. Prior
to therapy, the patient could exert only very little
force indicating an incorrect respiratory-
stabilization pattern. After the DNS training period

a similar increase in abdominal wall activation is
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