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Abstrakt

Uvod

Pohybova aktivita a sportovni vykon jsou do znacné miry zéavislé na zdravotnim stavu daného
jedince. Poranéni pfedniho zkfizeného vazu pak vede Castokrat k ukonceni nejen profesionalni
kariéry sportovce. Jednim z diivodl tohoto omezeni byva nasledna insuficientni rotacni (pfedevsim
vnitiné rotacni) stabilita kolenniho kloubu po rekonstrukci predniho zkiiZzeného vazu. Této
rezidualni pooperacni rotacni nestabilité Ize predejit vice opera¢nimi technikami. Otazkou vSak
zustava, ktery ze $tépi pouzitelnych pro ndhradu vyuzit, aby spliioval veskeré pozadavky aktivné
sportujicich jedincii. Cilem této prace proto bylo zhodnotit stabilitu kolena po rtznych typech
rekonstrukci ptredniho zktizeného vazu v dobé operace, nasledné¢ dva roky po operaci v korelaci
s kontralateralnim zdravym kolennim kloubem, a ovéfit subjektivni pocity pacientli souvisejici
s danym vykonem. Praktickym dopadem na sportujici populaci pak mélo byt urceni idedlniho

algoritmu oSetieni poranéni pfedniho zkiizeného vazu kolena.

Material a metodika

Hodnoceno bylo celkem 130 kolennich kloubli pacienti po ndhradé ptedniho zkiizen¢ho vazu
rozdélenych do péti skupin. Pro kazdou skupinu byla zvolena jina operacni technika
(jednosvazkové rekonstrukce LCA ze Stépu ligamentum patellae, jednosvazkova rekonstrukce
z musculus semitendinosus, jednosvazkova rekonstrukce ze Slachy musculus quadriceps femoris,
dvojsvazkova rekonstrukce ze Slach musculus semitendinosus a musculus gracilis, jednosvazkova
rekonstrukce ze Slachy musculus quadriceps femoris spolecné z rekonstrukei anterolateralniho ze
Slachy musculus gracilis a augmentace ¢aste¢ného poranéni jedné z porce piedniho zkiizeného vazu
Slachou z musculus gracilis). VSechna métfeni byla realizovana za pomoci pocitacového
navigaéniho systému. VySetieni stability kolenniho kloubu bylo realizovano v datu operace u

poranéné¢ho kolenniho kloubu, nasledné¢ pak dva roky po operaci. VSichni sledovani pacienti

4



vyplnili také dotazniky subjektivniho hodnoceni spokojenosti s nahradou ptedniho zktizeného vazu

a funkci kloubu.

Vysledky

Pti hodnoceni vnitin€ rotacni stability kolenniho kloubu pied operaci dosahovala tato hodnota pro
vSechny skupiny v priméru 18,9°. Dva roky po operaci u jednotlivych typa rekonstrukei predniho
zkiizeného vazu bylo zjiSténo nejvyraznéjsi ovlivnéni této wvnitiné rotacni stability po
dvojsvazskové technice (9,57) a po metod¢ vyuzivajici rekonstrukci ligamentum anterolaterale
(8,17). Nejvyssi hodnoty subjektivniho hodnoceni funk¢nosti kolenniho kloubu pak rovnéz

vykazovaly ob¢ tyto techniky.

Diskuze

Dvojsvazkova rekonstrukce predniho zktizeného vazu je technika slozita, ktera mize vést k mnoha
komplikacim b&hem peroperaéni i pooperaénim faze. Stépy odebrané z obou hamstringti navic
mohou negativné ovlivnit rotacni stabilitu kloubu. Aby se obnovila rotac¢ni stabilita kolena s
mensSim mnozstvim moznych komplikaci, metodou volby by méla byt rekonstrukce piedniho
zkiizeného vazu $tépem z musculus quadriceps femoris s ndhradou ligamentum anterolaterale

Stépem z musculus gracilis a s ponechanim intaktni Slachy musculus semitendinosus.

Zavér
Ziskané hodnoty poukazuji na fakt, ze jednosvazkova rekonstrukce predniho zkiizeného vazu
kolenniho kloubu v kombinaci s ndhradou ligamentum anterolaterale poskytuje stejnou vnitiné

rotacni stabilitu v kolennim kloubu jako rekonstrukce metodou dvojsvazkovou. VSechny kolenni
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klouby rekonstruované témito technikami vykazuji obdobnou rota¢ni stabilitu v porovnani
s druhostrannym zdravym kolennim kloubem. Vyuziti této metody se jevi jako ideélni variantou

nejen pro rekreacné sportujici jedince, ale predevsim pro sportovee vrcholové.

Abstract

Purpose of the study

Physical activity and athletic performance largely depend on the health of an individual. Injuries to
the anterior cruciate ligament often cause career termination not only for professional athletes. One
of the reasons for this limitation is the subsequent insufficient rotational (especially internally
rotational) stability of the knee joint following the reconstruction of the anterior cruciate ligament.
This residual postoperative rotational instability can be prevented by multiple surgical techniques.
However, the question remains, what type of graft suitable for this compensation is the best to meet

all the needs of physically active individuals.

The aim of this work was therefore to evaluate the stability of the knee after various types of
reconstructions of the anterior cruciate ligament at the time of surgery, subsequently two years after
the operation in correlation with the contralateral healthy knee joint, and to verify the subjective
feelings of patients in relation to the given procedure. The practical impact on the physically active
population was to determine the ideal algorithm for treatment of an anterior cruciate ligament injury

of the knee.



Materials and methods

A total of 130 knee joints of patients were enrolled in the study, all of them after anterior cruciate
ligament replacement, and divided into five groups depending on the performed operating technique
(single-bundle reconstruction of anterior cruciate ligament by the graft of ligamentum patellae or by
the tendon of musculus semitendinosus, single-bundle reconstruction from tendon musculus
quadriceps femoris, double-bundle reconstruction from tendons musculus semitendinosus,
musculus gracilis and single-bundle reconstruction from tendon musculus quadriceps femoris
together from reconstructions ligamentum anterolaterale from tendon musculus gracilis and an
augmentation of partial injury to one of the bundle of the anterior cruciate ligament by a tendon of
musculus gracilis). All measurements were made using a computer navigation system. Examination
of the stability of the knee joint was carried out on the day of the knee joint surgery, and then two
years after the operation. All monitored patients also completed subjective satisfaction

questionnaires for anterior cruciate ligament replacement and joint function.

Results

When assessing the internal rotational stability of the knee joint prior to a surgery, this value
averaged 18,9° for all groups. Two years after the surgery for each type of anterior cruciate
ligament reconstruction, the most significant influence on the internal rotational stability was found
after the double-bundle technique (9,5°) and after the method using ligamentum anterolaterale
reconstruction (8,1°). Both techniques have also demonstrated satisfaction in evaluating the knee

joint function.

Discussion

Double-bundle reconstruction of the anterior cruciate ligament is a complex technique that can lead
to many complications during both peroperative and postoperative phases. In addition, grafts taken

from both hamstrings can negatively affect the rotational stability of the joint. In order to restore the
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rotational stability of the knee while minimising the possibility of complication, the method of
choice may be the reconstruction of the anterior cruciate ligament by graft of musculus quadriceps
femoris with replacement ligamentum anterolaterale graft of musculus gracilis and with the

retention of an intact tendon of musculus semitendinosus.

Conclusions

The obtained values indicate that the single-bundle reconstruction of the anterior cruciate ligament
of the knee joint in combination with the replacement ligamentum anterolaterale provides the same
internal rotational stability in the knee joint as does the reconstruction by the double-bundle
method. All knee joints reconstructed by these techniques exhibit similar rotational stability in the
joint when compared to the contralateral healthy knee joint.

The use of this method seems to be an ideal option not only for recreational sports people, but

especially for top athletes.
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1. Uvod

1.1 Obecné pojmy

Pro aktivné sportujici pacienty je stabilita kolenniho kloubu jednim ze zékladnich prvki pro
zachovani adekvatni vykonnosti (1). Pfi poranéni pfedniho zktizeného vazu (ligamentum cruciatum
anterius, LCA) vSak dochazi k oslabeni stability rotacni, a to i po Caste¢ném poranéni tohoto
statického stabilizatoru kolenniho kloubu (2). K parcidlni ruptute LCA dochazi v 7-27 %
izolovanych poranéni ptfedniho zktizeného vazu (1,3), z toho u 50 % ptipadi dochazi pozdeji k
nasledné totalni ruptute (4,5). Pokud aktivni sportovec pocituje tento dyskomfort a konzervativni
terapie selhava, je mozné provést tzv. augmentaci zachovalého svazku LCA nebo ndhradu LCA

celkovou.

Poranéni predniho zkiiZzen¢ho vazu kolenniho kloubu je v dne$ni dobé akcentovano piedevsim
zvySenou sportovni aktivitou pacientl, pfi které dochazi k poranéni ligamenta tzv. nepfimym
mechanizmem. Pfi tomto poranéni se kolenni kloub dostava do vnitini rotace a decelerace. Druhym
mechanizmem je pak pfimé nasili, kdy je kolenni kloub vystaven sile vytvarejici hyperextenzi

s valgozitou. V literatufe je uvadén asi ve 2/3 ptipadi (6).

Makroskopicky se LCA dé¢li na dva svazky - anteromedidlni (AM) a posterolateralni (PL). Nazvy

jednotlivych svazki jsou odvozeny od jejich tiponti na tibii (obr.1).
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Obr.1 - AM a PL svazek LCA s tponem na tibii

Pozice femoralniho uponu je vyznamnéjs$i pro rotacni stabilitu kloubu a je dobfe zndma (7-10).
Femoralni tupon anteromedidlni porce LCA se upina pii 90° ohnuti v kolennim kloubu vice dorsalné
na medialni stran¢ lateralniho kondylu femuru za tzv. , lateralni bifurkacni hranu* (lateral bifurcate
ridge) a pod tzv. ,laterdlni interkondylarni hranu* (lateral intercondylar ridge*), které mizeme pii
artroskopii identifikovat (7,11). Femoralni ipon posterolateralni porce je umistén pted ,,lateralni
bifurka¢ni hranu®“ a pod ,lateralni interkondylarni hranu*“ (obr.2). Stied tibidlniho uponu LCA
(obr.3) lezi v priméru 7 mm pted predni Casti zadniho zk¥izené¢ho vazu (ligamentum cruciatum
posterius, LCP). Jeho lateralni okraj se nachéazi na spojnici ptimky vedené z tiponu predniho rohu
lateralniho menisku smérem do interkondylického prostoru, jeho medidlni okraj na hrané mediélni
interkondylické eminence tibie (12). Upon jednotlivych svazkiit LCA je v této lokalité velmi

variabilni (13).
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Obr. 3 - pozice uponil jednotlivych svazki LCA na tibii
(obr.2 a 3 pievzaty od: Forsythe B, Kopf S, Wong AK, Martins CAQ, Anderst W, Tashman S et al. The Location of

Femoral and Tibial Tunnels in Anatomic Double-Bundle Anterior Cruciate Ligament reconstruction Analyzed by

Three-Dimensional Computed Tomography Models. J Bone Joint Surg Am. 2010; 92:1418-26.)

Hlavnim ucelem rekonstrukce LCA je obnoveni pfedozadni a rotacni stability. Oba svazky LCA
ovliviluji stabilitu kolenniho kloubu odlisné v rizném stupni jeho ohnuti. Zatimco v nataZeni

kloubu je AM svazek relaxovan a pii pohybu z 0° do 30° flexe se zkracuje, PL svazek je v tomto
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rozsahu pln¢ tonizovan a je zodpovédny za stabilitu kloubu. Od 30° flexe se role obou svazkl méni,

tzn., Zze AM svazek se od 30° flexe protahuje, zatimco PL svazek se zkracuje (14,15).

Umisténi jednotlivych svazkt pak determinuje vyslednou stabilitu kolenniho kloubu po operaci.
Biomechanické studie popisuji kinematiku kolenniho kloubu po riznych typech LCA rekonstrukei
(16-18). Jednéd se o rekonstrukce jednosvazkové s riznym umisténim femoralniho tiponu LCA,
¢i o vykony dvojsvazkové. Dalsi moznosti je pouze tzv. augmentace predniho zkiizeného vazu pfti
jeho Casteéném poranéni. Pro tyto Ucely jsou pak vyuzity rizné typy Stépu. Nejcastéji se jedna o
autologni §t€p z hamstringt, tj. ligamentozni ¢asti musculus (m) semitendinosus ¢i m.gracilis (19),
¢i $tép z ligamentum patellae (20,21). Kazdy z téchto Stépti vykazuje jista tskali pfi jejich vyuziti.
Slachova ¢ast hamstringti negativné ovliviiuje jeji vhojeni do kosti i pfes moderni metody posileni
hojivych procest v kostnim kandle, jako napt. aplikace plazmy bohaté na trombocyty (viz.
publikovany text autora ¢.6). Odbér kostniho bloc¢ku z ligamentum patellae zvySuje bolesti predni
Casti kolena a omezuje moznost kleku u pacienta (vlastni pozorovani autora). Proto se do popiedi
také postupné dostdvaji Stépy ze Slachy m.quadriceps femoris (22). Alogenni $tépy maji své

specifické indikace a vyuzivaji se pfedevsim k reviznim operacim pfi selhani St€pu plivodniho.

Ve vétsSing biomechanickych studii je jako zavér uveden fakt, ze dvojsvazkova rekonstrukce LCA
(double-bundle, DB) vede k obnoveni rotacni stability ve vétSim rozsahu ve srovnani s technikou
jednosvazkovou (single bundle, SB) (18,23,24). Nicmén¢, DB technika skyta cetné nevyhody, jako
jsou napft. per a pooperacni komplikace a vyssi technické 1 ekonomické naroky na jeji provedeni
(25). Poranéni LCA a nésledné odstranéni hamstringii vede také k naruSeni reflexniho oblouku LCA
— hamstringy a vyvoji mozné pooperacni nestability (26). Sportovci pak negativné vnimaji oslabeni

sily hamstringii, ktera se prokézala az u 1/3 pacient po odbéru m.gracilis i m.semitendinosus (27).

Reziduum rota¢ni nestability po poranéni LCA vSak muze byt také piimym disledkem poranéni
tzv.  anterolateralnich struktur kolena, konkrétné¢ anterolaterdlniho ligamenta (ligamentum

anterolaterale, LAL) (28). Anatomie této struktury jiz byla popsana v nékolika studiich (29-31).
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Tibidlni Upon je umistén ve stiedu vzdalenosti mezi hlavici Iytkové kosti a tuberculum Gerdy.
Femoralni footprint je lokalizovan v oblasti lateralniho epikondylu femuru a to piiblizn¢ 4 mm

dorzaln¢ a 8 mm nad timto hrbolkem (obr. 4).
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Obr.4: Pozice femoralniho a tibidlniho uponu ligamentum anterolaterale (ALL).

Biomechanicka funkce LAL vS8ak neni dokonale prostudovana. Nékteré kadaverozni studie popisuji
jeho vliv na pfedozadni a rota¢ni stabilitu kolenniho kloubu (28,32,33). Hlavnim tkolem LAL je

redukovat rozsah vnitini rotace (IR) kolenniho kloubu pii flekénim pohybu v rozmezi 30 - 90° (32).

1.2 Cile prace

Cilem této témet desetilet¢ studie bylo zhodnotit nejprve vliv jednotlivych svazktl piedniho
zkiizeného vazu na stabilitu kolenniho kloubu a nésledné analyzovat ovlivnéni biomechaniky

kolenniho kloubu (pfedevSim vnitiné rotaini stability) riznymi technikami rekonstrukce piedniho
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zktizeného vazu. Praktickym vystupem pak mél byt navrh idedlniho algoritmu terapie u aktivné

sportujicich jedinct.

Zakladni hypotézy prace byly postulovany nasledovné:

1) Rotacni stabilita kolenniho kloubu je restaurovana technikou dvojsvazkovou vice nez

technikou jenosvazkovou.

2) Vyuziti jednosvazkové nahrady piedniho zkiiZeného vazu v kombinaci s nahradou
anterolateralniho ligamenta vykazuje pooperacné stejnou rotacni stabilitu jako

rekonstrukce LCA dvojsvazkova.

3) Rekonstrukce LCA spole¢né s anterolateranim vazem restauruje rotacni stabilitu
kolenniho kloubu na trovei stability kolenniho kloubu intaktniho a je idedlni 1é¢bou

pri poranéni LCA u aktivniho sportovce.
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2. Material a metodika

2.1 Analvza vlivu jednotlivvch svazki LLCA na stabilitu kolenniho kloubu

V roce 2009 a 2010 bylo preparovano na patologicko-anatomickém oddé€leni Nemocnice Znojmo
30 kadavert, pfi umrti v primérném veku 75 let (rozpéti 55 az 90 let), bez piedchoziho operacniho
vykonu ¢i urazu na dolnich koncetinach. VSechny kadavery, bez pfedchozi chemické upravy
patologem, byly studovany primérné 18 hodin po smrti (rozpéti 8-24 hodin). Byl studovan vliv
jednotlivych svazkti LCA na rota¢ni a pfedozadni stabilitu kolenniho kloubu v rtizném stupni ohnuti
u intaktniho vazu, po odstranéni AM svazku a po odstranéni i PL svazku. Toto protéti jednotlivych
svazkll byla ndhodné stfidano (viz. publikovany text autora ¢.1).

Nasledné bylo na ortopedickém oddéleni téZe nemocnice operovano 60 pacientii v obdobi v obdobi
bfezen 2010 az kvéten 2011 (viz. publikovany text autora ¢.3). Primérny vék pacientti byl 32,9
rokd s rozpétim 18 az 53 let a vSichni podepsali informovany souhlas se zafazenim do této studie.
20 pacientd absolvovalo ndhradu LCA jednosvazkovou technikou 2z hamstringu
(m. semitendinosus), 20 pacienti podstoupilo dvojsvazkovou néhradu (DB) s tonizaci AM svazku
jako prvniho a 20 pacientti DB ndhradu LCA s tonizaci PL svazku jako prvniho. Vybér pacienti do
jednotlivych skupin byl proveden za pomoci permutacni blokové randomizace pocitacového
softwaru Random Number Generator Software 7.0. Vstupni kritéria pro zafazeni pacienti do studie
byla velice striktni a to pouze poranéni LCA. Pacienti s poranénim ostatnich tkani tvofici kolenni
kloub, jako jsou zlomeniny kosti, posterolateralni nestabilita, poranéni postrannich vazi atd., byli ze
studie vylouceni. Také parcidlni ruptury LCA potvrzené peroperacné do této Casti studie zahrnuty
nebyly. Hodnocena byla ptedozadni stabilita, vnitini a vnéjsi rotace v kolennim kloubu LCA-

deficitnim, po tonizace jednoho ze svazki LCA a po doplnéni svazku druhého.

Pro ucely objektivniho hodnoceni pfedozadni a rota¢ni stability kolenniho kloubu bylo vyuZito

nasledujicich pfistroja.
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a) Hodnoceni pfedozadni stability

Pro vytvofeni pfedozadni translace v kolennim kloubu stdle stejnou silou 133 N byl vyuzit
artrometr KT-1000 (Med Metronic, San Diego, California) (obr.5). Tento piistroj dovoluje piesné

urceni ventralniho posunu tibie vii¢i femuru poranéného kolenniho kloubu.

Obr.5 - artrometr KT-1000

b) Hodnoceni rotacni stability kolenniho kloubu

K hodnoceni rota¢ni vychylky v kolennim kloubu byl vyuzit pocitaCovy navigacni system
OrthoPilot (Aesculap, Tuttlingen, Germany). Tento opticky navigacni systém analyzuje
infracervené paprsky odrazené od pasivnich sond pfipevnénych ptes Sroub na koncetiné pacienta za
pomoci stereooptické infracervené kamery. Software tak vypocitava relativni polohu jednotlivych

bodt sond v prostoru a jeho rozeznavaci schopnost pti méteni pohybu je nizsi nez 1 stupeii (obr.6).
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Obr.6 - navigacni systém pro zjiSténi rotacni stability kloubu OrthoPilot

Noha kadaveru byla nejprve fixovana na uméle vytvoienou ,,zeleznou botu* plastovymi paskami v
10° dorsalni flexi v hlezennim kloubu, aby se zabranilo rotacnim pohybim v hleznu samotném.
V dlouh¢ ose dolni koncetiny byl ke ,,kovové boté pripevnén rolimetr a byl vytvoren rota¢ni pohyb

tibie s konstantni silou 2,5 Nm (obr.7).

Obr.7 - ,,kovova bota“ pfipevnéna na nohu kadaveru ¢i pacienta
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Byla tak zaznamenéna tibidlni vnitini rotace (IR) 1 vné&jsi rotace (ER) ve stupnich (°). VSechna

méteni byla provedena tfikrat a odeCtena z obrazovky naviga¢niho systému (obr.8).

Obr.8 — obrazovka navigac¢niho systému

2.2 Analvza vlivu jednotlivych technik rekonstrukce LCA na stabilitu kolenniho kloubu

béhem operacniho vykonu

Od roku 2010 do roku 2017 bylo operovana na ortopedickém oddéleni Nemocnice Znojmo celkem
130 prevazné mladych pacientd, ktefi byli zahrnuti do studie a podepsali informovany souhlas
o participaci na této prospektivni studii. Inkluzni kritéria byla nésledujici: a) izolované poranéni
LCA; b) absence operacniho vykonu na kolennim kloubu pfed poranénim; c¢) vék 17 - 40 let; d)
uzaviené rustové zony, e) BMI niZsi neZ 30. VSichni ostatni pacienti s pfidruzenymi poranénymi
tkanémi kolenniho kloubu (meniskalni 1éze, zlomeniny, ruptura jinych vazd, ...), stejn¢ jako ptipady
se systémovymi onemocnénimi, nebyli do studie zatazeny. VSichni pacienti podstoupili MRI pied
vykonem, kde bylo poranéni LCA, ev. LAL, potvrzeno. Po tiraze nésledovala 2 tydenni imobilizace

kolenniho kloubu v rigidni ortéze, néasledné odlehceni na 4 tydny o francouzskych holich se
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zahajenim kompletniho rehabilitacniho programu na celkem 6-8 tydna s obnovenim standardni

funkce kloubu. Nasledn¢ bylo pfistoupeno k opera¢nimu vykonu.

2.2.1 Operacni technika u jednotlivvch skupin pacienta

Jakmile byl pacient uveden do celkové anestezie, stehenni kost byla fixovana za vyuziti
standardniho kovového drzaku pro artroskopii. Nasledovala diagnostickd artroskopie za ucelem
potvrzeni Uplné nebo Castecné 1éze LCA a vyloucCeni vyrazného poranéni dalSich nitrokloubnich

struktur ovliviiujici stabilitu kolenniho kloubu.

K provedeni izometrické jednosvazkové rekonstrukce byl §tép odebran ze Slachy m.semitendinosus
(ISB) Sikmym fezem nad anteromedidlni Casti tibie v oblasti pes anserinus délky 5 cm a nebo ze
Slachy ctythlavého svalu stehenniho (BT) v oblasti baze pately z pticného kozniho fezu o délce 4
cm v pruméru. Byly pouzity specializované nastroje k oddéleni Slachovité ¢asti Stépu od svalové

tkané (obr. 9). Kostné-slachovy §tép byl ziskdn s primérnou délkou 9 cm a Sitkou 9 mm.
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Obr.9: Specializované nastroje k oddéleni Slachovité casti BT $tépu od svalové tkané

Pro LAL rekonstrukei byl vyuzit $tép z m.gracilis z oblasti jeho ventralniho tponu na tibii (LAL) ze
stejné¢ho fezu jeko pii odbéru slachy m.semitendinosus. Nasledné byl $tép pielozen tak, aby mél

délku v priméru 12 cm a Sitku 6 mm.

U dvojsvazkové rekonstrukce LCA (DB) byly Stépy odebrany z m.semitendinosus pro
anteromedialni porci LCA (AM) a ze Slachy m.gracilis pro PL svazek LCA (PL). Velikost §tépt pak
byla upravena tak, aby odpovidala velikosti 9 cm x 8 mm pro svazek AM a 8 cm x 6 mm pro PL.
Nasledné byl vrtan kostni tunel pro AM svazek za lateralni bifurka¢ni hranu na medialni ploSe
lateralniho kondylu femuru. Tibialni kanal pro AM svazek byl umistén ve vzdalenosti 14 mm pied
piedni ¢asti zadniho zktizeného vazu (LCP) mirné na stied tibie mezi interkondylické eminence. PL
svazek byl umistén pred lateralni bifurkacni hranu a pod lateralni interkondylarni hranu. Tibialni

kostni tunel PL svazku pak ve vzdalenosti 7 mm pied LCP a lehce lateralné (obr. 10).
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Obr.10 - artroskopicky pohled na navrtané kostni kanaly ve femuru

Dtlezitym bodem ovlivnéni rota¢ni stability kolenniho kloubu je umisténi kostniho kanalu ve
femuru. Béhem centralni anatomické jednosvazkové rekonstrukce (CASB), kde byl vyuzit §tép z
m.semitendinosus, byl cilen femoralni kostni kanal 8 mm Siroky na medialni plochu lateralniho
kondylu femuru. Pozice tohoto bodu byla ozfejmeéna po dikladném ocisténi medidlniho povrchu
lateralniho kondylu femuru od mékkych tkdni za pomoci artroskopického hacku. V 90° flexi v
kolennim kloubu byla méfena horizontalni distance medialni plochy laterdlniho kondylu femuru 2
mm nad chrupavkou ve stfedni ¢asti s pfictenim poloviny praiméru zamysleného kostniho kanalu.
Pfesna pozice anatomického stiedu femoralniho tiponu LCA byla déna soufadnicemi dle studie
Forsythe a kol. (7) a to ve 43% vzdalenosti od zadniho okraje medialni plochy lateralniho kondylu
femuru (obr.11). Tato pozice byla kontrolovdna kalibrovanym artroskopickym hackem z AL portu a
kamerou zavedenou do AM portu. Tibidlni kostni tunel byl pak lokalizovan do ptvodniho

footprintu LCA (viz. publikovany text autora ¢.3).
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Obr.11 — anatomické umisténi femoralniho kostni kanalu budouci LCA kontrolované na CT

vySetieni

Béhem tzv. isometrické jednosvazkové nahrady LCA (ISB) byl cilen femoralni kostni kanal na
medialni plochu laterdlniho kondylu femuru do pozice 1 hodina 30 minut pro levé koleno a 10
hodin 30 minut pro pravé koleno pfi pohledu artroskopem z ptedni Casti kloubu. Toto umisténi je
mozné presné urcit za pomoci poc¢itacového navigacniho systému vyuzitého i v této studii (obr. 12).

Tibidlni tunel byl cilen take do mista ptivodniho footprintu LCA.

-w W
* F.guide ® Femur

Femur nav.4

N

Femur tunnel center

Clearance =
2mm

Obr.12 — pfesné umisténi femoralniho kanalu pfi technice ISB za pomoci naviga¢niho systému
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V piipadé izolovaného poranéni pouze jednoho svazku LCA (poranéni PL porce je poté mnohem
Cast€j$i nez poranéni AM svazku LCA (dle Fu a kol. 62% poranéni PL porce, 38% AM porce) (34))
byl vyuzit §tép z m.gracilis a nasledné cilen femoralni apon PL svazku mezi lateralni bifurkacni
hranu a lateralni interkondylickou hranu dle anatomickych parametrit uponu jednotlivych svazkl

LCA na femur (viz. publikovany text autora ¢.4).

U posledni skupiny pacienti byla zvolena operacni technika s doplnénim anterolateralniho
ligamenta k jednosvazkové izometrické nahradé¢ LCA ze Stépu z m.quadriceps femoris (LAL).
V tomto piipadé byl vrtan kanal 8 mm proximalné¢ a 4 mm dorzalné od lateralniho epikondylu
femuru mimo dutinu kolenniho kloubu. Tibidlni ¢ast LAL byla umisténa mezi tuberculum Gerdy a
piedni ¢asti hlavice lytkové kosti, predné do poloviny této vzdalenosti (obr.13). Za ucelem fixace
LAL stépu, byly pouzity interferencni Srouby, napnuté dynamometrem nastavenym na 85 N pii 20-
30° ohybu kolenniho kloubu a mirné vnéjsi rotaci tibie vici femuru. VSechny $té€py pouzité pro
LCA néhradu byly také fixovany pomoci interferencnich biokompozitnich Sroubti uvnitt kolenniho
kloubu. Pfi SB technice byl stép LCA fixovan ve 30° flexi v kolennim kloubu, pro DB nahradu pak

AM svazek ve 45° flexi v kolennim kloubu, PL svazek v 10° flexi.
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Obr.13 — anatomické umisténi ipont lig.anterolaterale

2.2.2 Prubéh méieni béhem operace

Po odbéru stépu/ti pro rekonstrukci LCA, a navrtani kostnich tunelti pro jednotlivé techniky, byl
nejprve proveden sbér dat pro navigaci, které jsou definovany piesnou pozici tuberositas tibiae,
piedni kortex tibie, medialni a laterdlni konec tibialniho plata a pasivnim pohybem v kolennim
kloubu z pIné extenze do 90 stupniové flexe. Sondy navigace byly upevnény pies Sroub do holenni a
stehenni kosti pacienta.

Pro vytvoteni ptedozadni deviace v kolennim kloubu (APT) stale stejnou silou 133 N byl vyuzit

artrometr KT-1000 (Med Metronic, San Diego, California) ve sterilnim obale a pfipevnén na
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koncetinu sterilnimi pasy. VSechna vySetieni kolenniho kloubu byla provedena ve 30° flexi, ktera
byla kontrolovana na obrazovce naviga¢niho systému.

Pro vytvoreni rotace v kolennim kloubu konstantni silou byla pfipevnéna na nohu pacienta vyse
zminéna kovova bota za pomoci plastovych sterilnich paska. Tato konstrukce umoznovala
vytvoreni 100° dorsélni flexe v hlezennim kloubu vii¢i podélné ose tibie a tim byla eliminovéana
nechténa rotace v hlezennim kloubu. Koncova ¢ast rolimetru (Aesculap, Tuttlingen, Germany) byla
piipevnéna do zdifek na platné¢ kovové boty v prodlouzeni podélné osy tibie a rotacni pohyb v
kolennim kloubu byl proveden silou 2,5 Nm.

V dal$im kroku byla poté studovéna stabilita kolenniho kloubu. Nejprve byla provedena piedozadni
translace (anterior-posterior translation - APT) pro LCA-deficitni kloub a vychylka zobrazena
navigaénim systémem byla zaznamendna do tabulky. Toto bylo provedeno 3x atestovanym
ortopedem. Poté byla provedena vnitini rotace (IR) a vné&jsi rotace (ER) v kolennim kloubu za
pomoci rolimetru. Stejn¢ jako u APT bylo toto métfeni provedeno 3x a primérnd hodnota byla
zaznamenana.

Nasledné byl tonizovan pro dvojsvazkovou techniku AM svazek v tibii za pomoci tonometru silou
85 N ve 45° flexi v kolennim kloubu. PL svazek byl tonizovan v 10° flexi stejnou silou. Pfi
jednosvazkové nahradé LCA byl $tép tonizovan silou 85 N ve 30° flexi. Po fixaci jednoho svazku
pii dvojsvazkové plastice byla provedena stejnad méteni jako u LCA-deficitniho kolenniho kloubu
pro zjisténi APT a rotaci. Poté po dokonceni fixace obou svazkii u DB ndhrady ¢i jednoho svazku u

ISB ¢i CASB nahrady byla méfeni provedena naposledy.

U pacienttl, kde byla k jednomu svazku LCA doplnéna i rekonstrukce anterolaterdlniho ligamenta,
probéhla analyza rotacni stability kloubu znovu. Pro tuto skupinu byl také studovan vliv
rekonstrukce lig.anterolaterale na stabilitu kolenniho kloubu v porovnani s LCA-deficitnim

kolennim kloubem pied operaci, po ISB rekonstrukci LCA a po rekonstrukci LAL.
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2.3 Analvza vlivu jednotlivych technik rekonstrukce LCA na stabilitu kolenniho kloubu dva

roky po operaci

2.3.1 MéFici systém

Pro zhodnoceni vychylky v kolennim kloubu 2 roky po operaci byl vyuzit stejny pocitacovy
navigacni systém OrthoPilot (Aesculap, Tuttlingen, Germany). VSechna méfeni se provadéla na
operované a na zdravé dolni koncetin€ pacienta pro vSechny vySe uvedené skupiny (tj. centralni
jednosvazkova anatomickd nadhrada CASB (viz. publikovany text autora ¢.3)., dvojsvazkova
nahrada DB, augmentace LCA (AUGM) (viz. publikovany text autora ¢.4) a po jednosvazkové

izometrické ndhradé LCA s pfidanym anterolateranim ligamentem LAL.

Pasivni sondy naviga¢niho systému byly pfipevnény na tibii 10-15 cm pod tuberositas tibiae a 10

cm nad hornim okrajem pately na femur za pomoci paski (obr.14).

Obr. 14: Umisténi pasivnich sond pro navigaci v oblasti kolenniho kloubu pacienta.
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Pacient zaujal vzptimenou pozici ve stoje s nohami vzdalenymi 20 cm od sebe v neutralni rotaci v
kolennich kloubech. Poté byl vyzvan k provedeni 20°-30° ohnuti v koleni, coz bylo kontrolovano

na obrazovce pocitacového systému (obr.15).

Obr. 15: Provedeni 20-30st. flexe v kolennim kloubu.

Nasledné pacient provedl aktivné maximalni vnéjsi rotaci ve studovaném kloubu bez oc¢niho
kontaktu s obrazovkou navigace k objektivité pokusu a nacviku méteni. Pak byl pacient navracen
do vychozi neutralni pozice a néasledné byla provedena maximalni vnitini rotace. VSechna méfeni
byla pro operovany i zdravy kloub provedena tfikrat, hodnocena byla pfedevSim wvnitini rotace

v kolennim koubu (obr. 16,17).
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Obr. 16: Provedeni vnéjsi rotace v kolennim kloubu. Tibie zlstava fixovana k podlozce, distalni
femur rotuje navnitf a dochézi tak k mechanismu, pfi némz zistava tibie rotovana zevné vici

femuru.

Obr. 17: Provedeni vnitini rotace v kolennim kloubu. Tibie zlstava opét fixovana k podloZce,
distalni femur rotuje zevné a dochéazi tak k mechanismu, pfi némz zlstava tibie rotovana vnitiné

vuci femuru.
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2.3.2 Subjektivni hodnoceni funkce kloubu

VSsichni sledovani pacienti vyplnili dotazniky subjektivniho hodnoceni spokojenosti s ndhradou
LCA a funkci kloubu, a to ve 24. mésici od operacniho zdkroku ve skupiné¢ ISB, CASB, DB,
AUGM a LAL. Soucasti kazdého dotazniku bylo skore Cincinnati (5,35), Lysholm (36-38) a IKDC
(39) hodnotici funkci kolenniho kloubu po ligament6znim poranéni s naslednou bolestivosti, otoky,
podklesavanim kloubu a nestabilitou kloubu. Otazky byly pfesné cileny na a) bolest, b) pooperacni
symptomy jako otok, ztuhlost kloubu apod., ¢) funkci kloubu v béznych dennich ¢innostech, d)
funkci kloubu ve sportu a rekreacnich sportovnich aktivitach a d) celkovou kvalitu Zivota pacienta
po operaci. VSechny tyto dotazniky byly vyhodnoceny dle standardnich doporuceni. Jako dalsi
hodnota byl analyzovan subjektivni pocit pacienta pii rotacnich pohybech kolenniho kloubu na
Skale 0 az 10 (kdy 10 bodt charakterizovalo nejvétsi potize pii rotacnim pohybu v kolennim
kloubu, 0 boda nejmensi potize), moznost kleku a bolestivost pfedni Casti kolenniho kloubu po
odbéru $tépu za pomoci VAS (Visualni Analogové Skaly bolesti), kde hodnota 0 znadi nejménsi

potize a hodnota 10 potiZe maximalni.

2.4 Hodnoceni vhojeni Slachové $tépu do kostniho kanalu na MRI

V publikované textu autora ¢.6 byl hodnocen otok v okoli §lachového §tépu v kostnim kanalu po
rekonstrukci LCA za pomoci magnetické rezonance 12.mésic od operace. Stejn¢ tak byla
hodnocena 1 tzv. ligamentizace §tépu. U 20 pacientli byl $t€p saturovan plazmou bohatou na
trombocyty. 1ml plazmy byl aplikovéan jehlou béhem operace do obou kostnich kanalt, 3ml pak do
intraartikularni ¢asti §t€pu. Soubor byl nasledné porovnan se skupinou 20 pacientd bez této aplikace

PRP.
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2.5 Statisticka analvza

Vsechna data byla zpracovdna za pomoci softwaru STATISTICA 9.0. Popis deviace rotacniho
pohybu kolenniho kloubu ve stupnich (°) zahrnoval primér, smérodatnou odchylku a median. Pro
vyhodnoceni statisticky adekvatnich primérnych hodnot mezi DB a LAL skupinou a pro porovnani
vnitiné rotacni stability kolena pro jednosvazkovou rekonstrukci LCA a néasledné LAL, byl pouzit
neparametricky t-test. Stejny statisticky test byl pak pouzit pro vyhodnoceni absolutnich hodnot
jednotlivych skorovacich systému (Cincinnati, Lysholm, IKDC) ve 24 mésicich po operaci a pro

porovndni stability kolenniho kloubu mezi operovanym a neoperovanym kolennim kloubem.

Pro zjisténi optimalni hodnoty, ktera by znamenala, Ze rekonstrukce LAL je nutna k obnoveni IR
stability v kloubu, byla skupina LAL rozdélena do podskupin v zavislosti na hodnotach IR po
rekonstrukci LCA. Poté byla pro kazdou podskupinu zhodnocena stabilita ve srovnani se skupinou

LAL za pouziti parového t-testu. P hodnota < 0,05 byla povazovéna za statisticky vyznamnou.
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3 Vysledky

3.3 Vliv jednotlivych svazkii pfredniho zkriZeného vazu na stabilitu kolenniho kloubu

(publikovny text autora 1 a 2)

Vliv jednotlivych svazkl na pfedozadni posun tibie viici femuru (APT) a rotac¢ni pohyb kolenniho
kloubu (vnitini rotace IR a vngj$i rotace ER) byla studovdna vySe uvedenymi metodami na

kadaverdznich preparatech i béhem opera¢niho vykonu. Ob¢ analyzy prokazaly nasledujici tvrzeni:

a) Pii analyze ovlivnéni pfedozadni translace v kolennim kloubu jednotlivymi svazky LCA byl
zjistén veétsi vliv AM svazku neZz svazku PL ve 30° flexi v kolennim kloubu u kadavert
1 pacientl na statistické hladiné¢ vyznamnosti p < 0,01.

a) AM svazek kontroluje vnitin€ rotacni stabilitu kolenniho kloubu (IR) vice nez PL svazek,
ale bez statistické vyznamnosti. Absolutni ¢isla v§ak vypovidaji o vyraznéjSim efektu AM
svazku na vniting rotacni stabilitu kolenniho kloubu nez u PL svazku.

b) Vnéjsi rotace (ER) je ovlivnéna obéma svazky obdobné, bez statistického rozdilu.

Absolutni hodnoty jsou uvedeny v publikacich autora ¢. 1 a 2.
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3.4 Vliv jednotlivych technik rekonstrukce predniho zkriZzeného vazu na stabilitu kolenniho

kloubu béhem operacniho vykonu

(publikovny text autora 2 a 3)

V této casti prace byl hodnocen biomechanicky vliv jednotlivych technik rekonstrukce LCA za vyse

uvedené metodiky. Hodnoceny byly nésledujici typy rekonstrukci LCA:

1.) Jednosvazkova isometricka rekonstrukce LCA (ISB) ze $tépu m.semitendinosus

2.) Jednosvazkova centralni anatomicka rekonstrukce LCA (CASB) ze $tépu m.semitendinosus
3.) Dvojsvazkova anatomicka rekonstrukce LCA (DB) ze §tépu m.semitendinosus a m.gracilis
4.) Jednosvazkova isometrickd rekonstrukce LCA ze Stépu m.quadriceps femoris spolecné

s rekonstrukei ligamentum anterolaterale (LAL) ze §tépu m.gracilis

Pti porovnani pfedozadni stability kolenniho kloubu mezi technikami ISB a DB byla potvrzena dil¢i

hypotéza vétsiho ovlivnéni pfedozadni stability kolenniho kloubu DB technikou v porovnani s ISB

(p=0,02), viz. tabl. 1.

APT (mm) ISB rekonstrukce | PL rekonstrukce | AM rekonstrukce

LCA-deficitni kloub 18,5 (13-23, SO 4,6) 18,9 (14-31,S0 4,9) 18,9 (14-31,S0 4,9)
13,1 (6-20,S04,4) | 8,9 (5-18, S0 3,5)

LCA - intaktni kloub 8,5 (3-17,80 3,5) 6,1 (3-13,S0 2,1) 6,1 (3-13,S0 2,1)

Tab.1 - Hodnoty pfedozadni translace APT (mm) pti absenci LCA, po jednosvazkové isometrické
rekonstrukci LCA (ISB), po rekonstrukci AM a PL svazku jako prvniho u dvojsvazkové nahrady
LCA a po fixaci obou svazkiit PZV u dvojsvazkové techniky (DB).
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Pii analyze rotacni stability kolenniho kloubu po téchto dvou metodach rekonstrukce LCA byla
potvrzena vétsi stabilita kolenniho kloubu po DB rekonstrukei, ale pouze pro vnitini rotaci IR (p =

0,01), nikoliv pro rotaci vné&jsi (p = 0,25), viz. tab. 2.

IR (o) ISB rekonstrukce PL rekonstrukce AM rekonstrukce

LCA -deficitni kloub 19,3 (15-24,S0 4,6) 18,8 (12-26,S0 4,4) 18,8 (12-26, SO 4,4)

15,3 (10-21,S0 3,1) 13,9 (11-18, SO 2,1)

LCA - intaktni kloub 14,5 (10-19,S0 3,3) 10,4 (7-15,S0 2,1) 10,4 (7-15, S0 2,1)

Tab.2 - Hodnoty vnitini rotace IR (°) pii absenci PZV, po jednosvazkové isometrické rekonstrukcei
PZV (ISB), po rekonstrukci AM a PL svazku jako prvniho u dvojsvazkové nahrady PZV a po fixaci
obou svazkli PZV u dvojsvazkové techniky (DB).

V publikované textu autora ¢. 4 jsou uvedeny absolutni hodnoty vySetfeni stability kolenniho
kloubu po DB nahrad¢ LCA a CASB. Zjisténa data ziskana v této casti studie vypovidaji o

nasledujicich skutecnostech:

a) Hypotéza ovlivnéni piedozadniho posunu tibie vii¢i femuru CASB technikou ve stejné mite
jako DB technikou byla vyvracena (DB stabilizuje kolenni kloub v APT ve vétsi mife na

statistické hladin€¢ vyznamnosti p = 0,0001).

b) Hypotéza ovlivnéni obou rotac¢nich pohybil tibie vici femuru CASB technikou ve stejné
mife jako DB technikou byla také vyvracena. DB technika stabilizuje kolenni kloub v ER i
IR vice se statistickym rozdilem v porovnani s CASB (p = 0,0019 pro IR a p = 0,0018 pro
ER).
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Pti porovnani izometrické a centrdlni anatomické jednosvazkové nahrady LCA pak byla zjiSténa

nasledujici fakta:

a) CASB nemad vétsi vliv na rotacni stabilitu kolenniho kloubu nez ISB (p = 0,512 pro IR; p =
0,235 pro ER).

c) Stejné¢ tak CASB neovliviiuje vice piedozadni translaci v kolennim kloubu nez ISB (p =

0,156).

Vsechny absolutni hodnoty stability kolenniho kloubu po vySe uvedenych technikach rekonstrukci
LCA jsou uvedeny v nasledujicich tabulkéch 3-6.

Typ nahrady LCA IR () P
LCA -deficitni kloub 18,8 (12-26, SO 2,9)
AM rekonstruovan 13,9 (11-18, SO 2,1) 0,8236
PL rekonstruovan 15,3 (10-21,50 3,1) 0,1462
DB 10,4 (7-15, SO 2,1) 0,0019
ISB 14,5 (10-19,S0 3,3) 0,5128
ASB 13,7 (10-19, SO 2,6)

Tab.3 - Hodnoty wvnitini rotace IR (°) po jednosvazkové anatomické rekonstrukci LCA (ASB),
isometrické rekonstrukci LCA (ISB), po rekonstrukci AM a PL svazku jako prvniho u
dvojsvazkové nahrady LCA (DB) a pti LCA -deficitnim kolennim kloubu. ,,P* urCuje statisticky
rozdil jednotlivych hodnot IR pro vSechny typy nahrad LCA v porovnani s ASB technikou.
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Typ nahrady LCA ER () P
LCA -deficitni kloub 17,9 (10-24, SO 3,4)
AM rekonstruovan 14,5 (10-22,50 2,9) 0,9485
PL rekonstruovan 14,9 (11-23,50 3,2) 0,6677
DB 10,8 (8-15, SO 2,8) 0,0018
ISB 13,1 (11-19,50 3,4) 0,2357
ASB 14,5 (11-19, SO 2,5)

Tab.4 - Hodnoty vnéjsi rotace ER (°).

Typ nahrady LCA APT (mm) P
LCA -deficitni kloub 18,5 (10-31,S0 3,8)
AM rekonstruovan 8,9 (5-18, SO 3,5) 0,2667
PL rekonstruovan 13,1 (6-20, SO 4,4) 0,0481
DB 6,1 (3-13,S02,1) 0,0001
ISB 8,5 (3-17,50 3,5) 0,1506
ASB 10,2 (7-17, SO 2,7)

Tab.5 - Hodnoty pfedozadni translace APT (mm).

Hodnoceni rotacni stability kolenniho kloubu po rekonstrukci anterolaterdlniho ligamenta bylo
provedeno v zavéru této cCasti prace. Pred operaénim vykonem nevykazovala IR nestabilita
kolenniho kloubu Zadny statisticky vyznamny rozdil mezi skupinami DB a LAL (p = 0,281).
Pozitivni vliv DB LCA rekonstrukce na IR stabilitu byl vyraznéjsi ve srovnani s uc€inkem SB

rekonstrukce samotné (p = 0,001). IR stabilita po rekonstrukci SB byla zvySena v priméru o 34 %,
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rekonstrukce DB pfinesla zvySeni IR stability o 44 % (100 % IR stabilita kolenniho kloubu byla
brana jako referencni hodnota 0°). Po doplnéni nahrady anterolateralniho vazu vzrostla IR stabilita
na prumérnou hodnotu 9,8°, kterd se rovnd 49 % stabilité¢ celkové. Tato hodnota poukazuje na
statisticky vyznamnou diferenci (p = 0,001) v porovnani skupin ISB a LAL rekonstrukci. Po operaci
nebyl zadny statisticky vyznamny rozdil mezi DB a skupinou LAL (p = 0,117). VSechny hodnoty

IR jsou uvedeny v tabulce 6.

IR (°) DB rekonstrukce | SB rekonstrukce SB+ALL rekonstrukce
pred operaci 18,8 £2,9 (12-26) | 19.1 *2,5(14-23)
po operaci 10,4 + 2,1(7-15) 13.3 £ 2,4 (9-17) 9.8 1,5 (7-12)
P value P1=0,001 P2 =0,117 P3 = 0,001

Tab.6: Primérnad hodnota vnitini rotace v kolennim kloubu ve 30° ohnuti u LCA-deficitniho
kolenniho kloubu (pfed operaci), po DB ndhradé¢ LCA, po nédhradé¢ LCA jednosvazkové a po
doplnéni LAL. Hodnota P1 ukazuje statisticky rozdil mezi DB a SB technikou, P2

statisticky rozdil mezi DB a LAL skupinou a P3 mezi rekonstrukci SB a LAL.

Statisticka analyza absolutnich hodnot IR nestability kolennich kloubii ve skupin¢ LAL ukazala, ze
po nadhrad¢ LCA za pouziti SB techniky se IR stabilita zvysila z 23° v priméru na 9-17° (min-max).
Po rozlozeni téchto absolutnich hodnot do skupin vychazejicich z IR stability kloubu po nahrazeni
LCA (tabulka 7, 8), a po porovnani s udaji po rekonstrukci LAL, je zlepSeni IR stability kolenniho
kloubu vyznamné, kdyz IR stabilita je mezi 11-13° po LCA nahrad¢. Pokud je IR nizsi nez 11-13°,
pak pfidani LAL nadale vyrazné neovliviiuje rotacni stabilitu kloubu (p > 0.05). Tato zévislost je

shrnuta v grafu 1.
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IR’

LCA-deficitni kloub | LAL-deficitni kloub | LAL-intaktni kloub
21 17 12
23 17 11
21 17 12
20 17 12

p value <0.001
22 16 9
21 15 11
19 15 10
20 15 12
21 15 11
21 15 10
20 15 11
22 15 9

p value <0,001
19 14 8
22 14 10
21 14 8
22 14 9

p value 0,002
19 13 9

Tab.7: Primérné hodnoty vnitini rotace v kolennim kloubu ve 30° ohnuti u LCA-deficitniho
kolenniho kloubu (pted operaci), po DB nadhradé¢ LCA, po ndhradé¢ LCA jednosvazkové a po
doplnéni LAL rozdéleny do skupiny s deviaci 17-13° po SB nahradé¢ LCA. Hodnota P

ukazuje statisticky rozdil mezi nestabilitou LAL a SB.
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IR’

LCA-deficitni kloub | LAL-deficitni kloub | LAL-intaktni kloub
18 12 8
20 12 10
18 12 10
17 12 11

p value 0,037
17 11 9
19 11 11
17 11 10
16 11 9

p value 0,080
14 10 10
15 10 9
17 10 8
17 10 9

p value 0,092
14 9 7

Tab.8: Primérné hodnoty vnitini rotace v kolennim kloubu ve 30° ohnuti u LCA-deficitniho
kolenniho kloubu (pted operaci), po DB ndhradé¢ LCA, po ndhradé LCA jednosvazkové a po
doplnéni LAL rozd€leny do skupiny s deviaci 12-9° po SB ndhrad¢ LCA. Hodnota P

ukazuje statisticky rozdil mezi nestabilitou LAL a SB.
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IR (degrees)

E ACL-deficient knee
W ALL-deficient knee
OALL-intact knee

Graf 1: Grafické zndzornéni zmén hodnot vnitini rotace v kolennim kloubu pfed a po provedeni

ndhrady LCA, a po doplnéni anterolateralniho vazu, vzhledem k absolutnim hodnotdm wvnitini

rotace po ukonceni jednosvazkové rekonstrukce LCA. Pokud je IR niz$i nez 11-13° po SB

rekonstrukcei, pak pfidani LAL nadéle vyrazn€ neovliviiuje rota¢ni stabilitu kloubu (p > 0.05).

Statistickym hodnocenim vysledkil nebyla zjisténa vyznamna odliSnost mezi ii¢inkem SB a DB

technik na stabilitu ER (p = 0,062). V absolutnich hodnotach se stabilita ER zvysi, jakmile se

provede LCA DB rekonstrukce. Nasledna rekonstrukce LAL nepfinese statisticky vyznamné

zvySeni ER stability kloubu mezi obéma skupinami (p = 0,486). Data shrnuje tab. 9.

ER ()

DB rekonstrukce

SB rekonstrukce

SB+ALL rekonstrukce

pred operaci

17,9 * 3.4 (10-24)

17,3 £ 2,9 (13-23)

po operaci

10,8+ 2,8 (8-15)

12,5 + 2,1 (8-17)

11,5 * 2,4 (7-15)

P value

P1=0,062

P2 = 0,486

Tab.9: Primérnéd hodnota vnéjsi rotace v kolennim kloubu ve 30° ohnuti u LCA-deficitniho

kolenniho kloubu (pfed operaci), po DB nahradé LCA, po ndhradé LCA jednosvazkové a po

doplnéni LAL. Hodnota P1 ukazuje statisticky rozdil mezi DB a SB technikou, P2

statisticky rozdil mezi DB a LAL skupinou.
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3.3 Vliv jednotlivych technik rekonstrukce predniho zkiiZzeného vazu na stabilitu

kolenniho kloubu dva roky po operaci

(publikovny text autora €. 5)

V publikovaném textu autora €. 5 byla hodnocena rota¢ni stabilita kolenniho kloubu po DB nahradé

LCA v porovnani s CASB nahradou dva roky po operaci u celkem 40 pacientli. Po doplnéni

analyzy o pacienty po ISB rekonstrukci byla zjisténa nasledujici fakta:

a) Na statistické¢ hladin€ vyznamnosti p < 0,05 byla vyvracena dil¢i hypotéza stejné miry

rotacni stability kolenniho kloubu u vySe uvedenych typt ndhrad LCA v porovnani se

zdravou kontralaterdlni stranou. Velikost instability ve IR po CASB je vyznamné vyssi u

rekonstruovaného kolenniho kloubu nez u kloubu zdravého (p = 0,045), viz. tab. 10.

ER () IR ()
Oper.koleno Zdravé koleno P Oper.koleno Zdravé koleno P
DB 8,5 (6-14;S01,9) 8,2 (5-15;S0 3,4) 0,461 DB 9,7 (4-14;S0 3,1) 10,5 (6-21;S0O 2,8) | 0,305
ASB | 9,6 (5-16;S0 2,1) 7,7 (4-12;S0 2,3) 0,121 ASB | 13,1 (8-22;S0 3,1) 9,8 (6-16;S0 3,0) 0,045
I1SB | 8,6 (4-13;S0 3,2) 7,4 (6-13;S0 2,1) 0,221 1sB | 10,8 (6-17;S0 2,5) 9,9 (5-14;S0 2,3) 0,451
Tab.10 - Hodnoty vnitini rotace IR (°) a vnéjsi rotace ER (°) po ISB, ASB a DB nahrad¢
PZV pro operovany a zdravy kolenni kloub. Hodnota P popisuje statisticky rozdil rotacni
stability operovaného a zdravého kolenniho kloubu u jednotlivych technik ndhrad PZV.
b) Byla potvrzena dil¢i hypotéza shodné piedozadni stability kolenniho kloubu u vSech vyse

uvedenych typii ndhrad LCA v porovnani s kontralateralnim kloubem na statistické hladiné

vyznamnosti p < 0,05, viz. tab. 11.




APT (mm)

Oper.koleno Zdravé koleno P
DB 9,1 (6-13;S0 2,3) 7,7 (6-12;S0 0,9) 0,304
ASB 9,3 (7-14;S0 2.,9) 7,9 (6-13;S0 1,1) 0,285
ISB 9,4 (6-12;S0 1,8) 7,5 (5-11;S0 0,9) 0,106

V ¢asti studie tykajici se hodnoceni objektivni rotacni stability kolenniho kloubu dva roky po
nahradé LCA byly také analyzovany skupiny po DB rekonstrukci a LAL rekonstrukci mezi sebou.
Ve skupiné LAL byla primérna deviace pii vnitini rotaci operované¢ho kolenniho kloubu (IR) 8,1°
(6-11, SO 1,6). Kontralateralni zdravy kolenni kloub vykazoval primérnou vychylku IR 8,8° (5-10,
SO 1,5). V tomto pfipad¢ nebyl nalezen statisticky vyznamny rozdil mezi obéma klouby pro IR (p1
> 0,05). Ve skupiné DB byla primérna deviace pii vnitini rotaci (IR) 9,7° (4-14; SO 3,1)
u operovaného kolenniho kloubu. Kontralaterdlni zdravy kolenni kloub vykazoval primérnou

vychylku v IR 10,5° (6-21; SO 2,8). I v tomto piipad¢ nebyl nalezen statisticky vyznamny rozdil

Tab.11 - Hodnoty pfedozadni translace (APT)

mezi obéma klouby pro IR (p2 > 0,05).

Pti porovnani stability IR mezi jednotlivymi skupinami, tj. DB a LAL skupinou, nebyl nalezen

statisticky vyznamny rozdil pro operované koleno (p3 > 0,05), ani pro zdravé koleno (p4 > 0,05),

viz. tab. 12.
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IR (°) SB+LAL rekonstrukce | DB rekonstrukce P hodnota
Operovany kloub 8,1 (6-11, SO 1,6) 9.7 (4-14, SO 3,1) P3=0,14
Zdravy kloub 8,8 (5-10, SO 1,5) 10,5 (6-21, SO 2.8) P4=0,13
P hodnota P1=0,25 P2 = 0,21
Tab 12:

Hodnoty maximalni vnitini rotace (IR, ve stupnich °) ve 30° flexi v kolennim kloubu po
dvojsvazkové nahradé¢ LCA (DB rekonstrukce), jednosvazskové rekonstrukci LCA s nahradou
anterolateralniho ligamenta (SB+LAL rekonstrukce).

Hodnota P1 ukazuje na statistickou diferenci mezi operovanym a zdravym kolennim kloubem po
SB+LAL néhradé¢.

Hodnota P2 ukazuje na statistickou diferenci mezi operovanym a zdravym kolennim kloubem po
DB néahradg.

Hodnota P3 ukazuje na statistickou diferenci mezi operovanymi kolennimi klouby v obou
skupinach.

Hodnota P4 ukazuje na statistickou diferenci mezi zdravymi kolennimi klouby v obou skupinéch.

V publikovaném textu autora ¢.4 je zhodnocena rotacni stabilita kloubu po augmentaci LCA ze
Stépu z m.gracilis. Naméfené hodnoty poukazuji na skuteCnost, ze augmentace LCA touto
technikou poskytuje dobrou rotacni stabilitu, v absolutnich ¢islech i stabilitu vétsi, v porovnani

s kontralateralnim zdravym kolennim kloubem.

V publikovaném textu autora ¢.6 bylo za cil prace ovéfit, zda hojeni na rozhrani Slacha-kost pfi
vyuziti Slachového s§tépu pro ndhradu LCA lze posilit plazmou bohatou na trombocyty (PRP). Jako
vysledek byl nalezen nestatisticky vyznamny rozdil pro obé skupiny pacienti, tj. s vyuzitim PRP a

bez n¢;.
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Proto musela byt zhodnocena také rota¢ni stabilita kolenniho kloubu 2 roky po operaci za vyuziti
kostn¢ Slachového $t€pu z m.quadriceps femoris (BT) a kostniho $tépu z lig.patellac (BTB) k
oveéfeni funk¢nosti BT §tépu 2 roky po operaci.

Po rekonstrukci LCA BT S§tépem byla primérnd hodnota vnitini rotace holenni kosti (IR) 9,5° (5° -
14°, SD = 3,5°). V kontralateralnim zdravém kolennim kloubu byla IR 8,6° v priméru (5°-15°, SD
= 4,3°). Zjisténa byla statisticky vyznamna diference ve stabilit¢ IR mezi rekonstruovanymi a
zdravymi kolennimi klouby (p = 0,036). Po rekonstrukci BTB byla priimérné IR 9,9° (4°-17°, SD =
4,7°). V kontralateralnim zdravém kolennim kloubu byla IR 8,7° v priméru (5°-15°, SD = 3,9°).
Zde byla také potvrzena statisticky vyznamna rozdilnost mezi rekonstruovanymi a zdravymi klouby
(p < 0,027). Nebyl vsak prokazan rozdil ve stabilit¢ kloubu pii vyuziti vySe uvedenych S§tépt

k rekonstrukci LCA mezi sebou (p < 0,134).
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3.4 Subjektivni hodnoceni funkce kolenniho kloubu dva roky po operaci

V publikované textu autora ¢. 5 byla hodnocena funkce kolenniho kloubu 2 roky po operaci

pacientem za pomoci subjektivniho pocitu vyplnénim vySe uvedenych dotazniki. V této praci byla

analyzovédna funkce kloubu u pacienti po CASB a DB technice ndhrady LCA. Po doplnéni a

zhodnoceni funkce kloubu pacientem po vSech typech rekonstrukce LCA nebyla nalezena

statisticky vyznamna rozdilnost na hladiné vyznamnosti p < 0,05. Absolutni ¢isla pak ale poukazuji

na fakt, Ze pacienti jsou nejvice spokojeni po DB nebo LAL nahradé¢ (viz. tab.13-15).

Cincinnati

ASB

ISB

AUGM

DB

LAL

24 mésicu

88,5 (54-1002)

96,8 (75-100)

87,6 (54-100)

97,8 (74-100)

97,8 (91-100)

Tab.13 - Absolutni hodnoty skore Cincinnati dotazniku vyplnéného pacienty ve 24. mésici po

operaci.

IKDC

ASB

ISB

AUGM

DB

LAL

24 mésicu

72,8 (35,6-80)

75,2 (56,3-87,0)

72,8 (35,6-80,0)

79,6 (59,7-87,0)

78,2 (56,3-87)

Tab.14 - IKDC dotaznik

Lysholm

ASB

ISB

AUGM

DB

LAL

24 mésicu

89,3 (58-100)

93,8 (69-100)

90,8 (64-100)

97,5 (90-100)

97,0 (90-100)

Tab.15 - Lysholm dotaznik




Pti porovnani subjektivniho hodnoceni rotacni stability kolenniho pacientem na stupnici 0 — 10

(10 = maximalni pocitovana nestabilita v kloubu) byl opét potvrzen vyraznéjsi stabilizacni efekt

dvojsvazkové nahrady LCA a LAL techniky na kolenni kloub, ale bez statisticky vyznamného

rozdilu v porovnani s obémi jednosvazkovymi metodami rekonstrukce LCA ve dvou letech po

operaci (tab.16).

Rotace ASB

ISB

AUGM

DB

LAL

24 mésicii 2,3 (0-5)

1,2 (0-4)

1,0 (0-4)

0,5 (0-4)

0,8 (0-3)

Tab.16 — Hodnoceni subjektivni rota¢ni stability kolenniho kloubu pacientem

Zajimavym zjisténim je také fakt, ze bolestivost pfedni ¢asti kolenniho kloubu pii odbéru Slachy z

m.quadriceps femoris (BT) je mensi nez po odbéru standardniho §tépu z lig. patellaec (BTB) se

statistickou pravdépodobnosti p < 0,05 (tab. 17).

BT

BTB

P value

VAS - bolesti pfredniho kolena

1.4 (0-3;SO

1.7) 2.8 (1-5;S0 1.2)

0,03

Tab 17: Primérnd hodnoty VAS skore se zamétenim na bolesti pfedniho kolena 24 mésicti po BT a

cvwr
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Stejné tak moznost kleku neni po odbéru BT $tépu vyrazné ovlivnéna v porovnani s odbérem $tépu

BTB (tab. 18).

BT BTB P value

VAS — moznost kleku 2.5(1-4;SO 1.2) 6,1 (2-10;S0O 2.5) 0,01

Tab 17: Primérna hodnoty VAS skore se zaméfenim na moznost kleku 24 mésicti po BT a BTB

nahradé LCA. 0 = bez potizi, 10 = bez moznosti kleCeni
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4 Diskuze

Funkéni zapojeni ptedniho zkiizeného vazu do biomechaniky kolenniho kloubu bylo jiz zkouméno
v mnoha studiich. Jednalo se o studie na kadaveroznich prepardtech v experimentalnich
podminkach (8,9,23), po odstranéni ¢asti ¢i celého LCA (8,9), po rekonstrukci LCA na kadaverech
(17,40) nebo v in vivo podminach po rekonstrukci LCA pacientl (18,38).

Zajimavym zjiSténim je protichidnost nékterych zavért studii tykajicich se vlivu jednotlivych
svazkll na rotacni stabilitu kolenniho kloubu. Zatimco prace Robinsona a kol. z r. 2007 podporuje
hypotézu vétsiho vlivu PL svazku neZ svazku AM na vnitini rotaci v kloubu (41), prace Monaca
a kol. tento fakt vyvraci, stejn¢ jako data z nasi studie na kadaverdznich preparatech (9). Celkové je
obecné akceptovana myslenka vétsi rotacni stability kolenniho kloubu po dvojsvazkové nez po
jednosvazkové ndhradé¢ LCA, coz je potvrzeno dal§imi klinickymi studiemi (18). Vysledek studie
vytvotené Songem a kol. vypovida o zvySeni celkové rotacni stability kolenniho kloubu po DB
rekonstrukci se statisticky vyznamnym rozdilem v porovnani s jednosvazkovou technikou (24).
Tento vyzkum se podobal nami provedené analyze vlivu DB a isometrick¢ SB néhrady na rotacni

stabilitu kolenniho kloubu.

Ne mnoho biomechanickych studii se zaobird myslenkou stability kolenniho kloubu po centralni
anatomické jednosvazkové ndhradé LCA. Ho a kol. prezentovali studii, ve které zkoumali
kinematiku 8 part kolennich kloubtli u kadaverti pti LCA-intaktnim kloubu, LCA-deficitnim kloubu
po ptreruseni LCA, po anatomické jednosvazkové nahradé LCA a po dvojsvazkové ndhradé¢ LCA.
K vytvofeni ptedozadniho posunu v kolennim kloubu vyuzili silu 133 N, pro rotaci 10 Nm. Jako
vysledek popsali fakt, ze centrdlni anatomickd jednosvazkova plastika pfedniho zkiizeného vazu
a DB rekonstrukce restauruje fyziologickou kinematiku v kolennim kloubu ve 30 stupiiové flexi

(17). Toto ale v nasi studii potvrzeno nebylo.
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Zasadnim zjisténim této prace je také ovéfreny vliv dvojsvazkové rekonstrukce LCA na vniting
rotacni stabilitu kolenniho kloubu v porovnani s efektem LAL nahrady, pokud je tento vaz doplnén
k jednosvazkové rekonstrukci LCA. Dale také fakt vyrazného snizeni vnitini rotace kolenniho
kloubu ve 30° flexi pti doplnéni ndhrady LCA o LAL, a také informace tykajici se zvySujici se
stability vnitini rotace az na 7° v priméru po rekonstrukci LAL, pokud je prvotni vnitiné rotacni
stabilita vétsi nez 12°.

Nekterd tato data potvrzuji hypotézu Theina et al. (33), kteii definovali LAL jako ,,sekundéarni
stabilizator pro LCA. Stabilita kolenniho kloubu (pfedozadni posun a vnitini rotace) byla
analyzovana vySe uvedenymi autory pro LCA neposkozeny kolenni kloub, u LCA-deficitniho a
LCA+LAL deficitniho kolenniho kloubu u 12 kadavert za vyuziti robotického manipulatoru.

Ve 30° ohybu v kolennim kloubu doslo po odstranéni LCA ke zvySeni nestability jak v pfednim
posunu, tak i ve vnitini tibiani rotaci na statistické hladin€¢ vyznamnosti. Pii doplnéni resekce LCA
o odstranéni LAL se zvysila jak pfedozadni translace, tak také vnitini tibialni rotace (se statistickou
diferenci). Pokud vsak bylo odstranéno pouze LAL bez LCA, nestabilita v kloubu se nezvysila se
statistickou vyznamnosti v porovnani s intaktnim kolennim kloubem. Zavér studie Thein et al. bylo
zjisténi, ze LAL pfebira casteCnou funkci LCA v ovlivnéni IR pfi pfedni translaci v kolennim
kloubu vys$s$im jak 15mm. V naSem vyzkumu byla stanovena jako hrani¢ni hodnota pro vyrazné;si

funk¢nost LAL vnitini nestabilita v kolennim kloubu vyssi jak 12° po SB rekonstrukci LCA.

V jinych studiich in vitro vS§ak LAL nebylo zhodnoceno jako dostate¢ny stabilizator vnitini tibialni
rotace v LCA — neporuseném kolennim kloubu pfi flexi do 30° (32). Pro ucely naseho vyzkumu byl

uhel ohybu vybrany tak, aby byl 30°, coz je thel flexe, kdy jsou oba svazky LCA napnuty (42-44).

Dosud nebyla provedena in vivo studie, ktera by objektivné analyzovala rota¢ni stabilitu kolenniho
kloubu po rekonstrukci LCA a LAL a srovnavala by stabilitu kloubu pii porovnani s ostatnimi typy

nahrady LCA minimalné 2 roky po opera¢nim vykonu. Sonnery-Cottet spolecné se svymi kolegy
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analyzoval jak objektivni, tak subjektivni funkci kolenniho kloubu u 92 pacienti po dvou letech po
podstoupeni kombinované LCA/LAL rekonstrukci (45). Studovali Lysholmovo skére, KOOS,
IKDC a Tegnerovu aktivitu s pouzitim pivot shift testu a predozadni translace v kolennim kloubu za
pouziti rolimetru. Sonnery-Cottet spolu se svymi kolegy dokézal, ze rekonstrukce LCA sparovana s
LAL rekonstrukei je uc¢innou metodou pro zlepseni funkce kolenniho kloubu, ktera vede ke snizeni
fenoménu pii ,,pivot-shift™ testu. Neboli subjektivni hodnoceni rota¢ni nestability kolenniho kloubu

ortopedem.

V naSem objektivnim vyzkumu s pouzitim vysoce presného méficitho zafizeni (tj. pocitaCové
navigace) byly §t€py napinany vzdy stejnou silou s pouzitim dynamometru za G¢elem aplikace vzdy
stejného mmnozstvi sily pifi tonizaci Stépu. V kazdém ptipadé byl také pouzit rolimeter
k objektivizovani rotacni sily vyvolavajici rotaci v kolennim kloubu. Mnozstvi pacientii bylo
dostatecné v kazdé skupiné za ucelem srovnani mezi technikami SB a DB a pacienti byli do skupin

nahodné vybrani.

Jednim z negativnich aspekti v nasi studii je mnozstvi pacientli ve skupiné¢ LAL, které limituje
zafazeni vétSiho poctu probandii do jednotlivych podskupin analyzy stability po ndhradé LAL. V
této Casti studie byl zaznamenén pouze jeden piipad rotacni stability 13° po SB rekonstrukci. Z toho
davodu nemohla byt provedena statisticka analyza v této podskupiné. I ptes to vSak je mozné fict,
ze rekonstrukce SB vedouci k IR stabilité 12° a mén¢, urcuje hrani¢ni hodnotu pro dalsi zlepSeni

vniting€ rotacni stability v kolennim kloubu (p = 0,019).

Dalsim aspektem, ktery je nutno brat v potaz, je fakt, ze ve skupiné LAL byl odebran §tép pouze
z m.gracilis, zatimco ve skupiné¢ DB byly §tépy odebrany z obou hamstringli, coz miize mit vliv na
rotaéni stabilitu. Ukolem v této studii viak bylo analyzovéani pasivni rotaéni stability kolenniho

kloubu v ¢ase ,,nula“ béhem operacniho vykonu.
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Rekonstrukce LCA dvojsvazkovou technikou je slozit¢jsi a mize vést k vice komplikacim béhem
piredoperacni 1 pooperacnim faze (46,47). Aby se obnovila rotacni stabilita kolenniho kloubu
s mensSim mnozstvim moznych komplikaci, vhodnou metodou by méla byt rekonstrukce LCA
jednosvazkovou metodou parovana s nahradou LAL. Navic m.semitendinosus zustane intaktni
a jeho proprioceptivni funkce zachovéna. Stép ziskany z m.quadriceps femoris pifinasi, ve srovnani
s dalsimi autografty, nékolik pozitiv: dvojnasobné vétsi prufez ve srovnani s distdlnim pateldrnim
kostnim-Slachové-kostnim St€pem (48), vEtsi hustotu kolagennich vldken ve srovnani s BTB Stépem
(49), kvalitné€jsi hojeni kostni ¢asti §t€pu v kostnim tunelu ve srovnani s hamstringy a nizsi bolesti

piedniho kolena ve srovnani s BTB Stépem, coz bylo dokdzano 1 v nasi studii (50,51).

Jako vyhodu této studie lze uvést vyuziti presné pocitacové techniky ke stanoveni minimalni
vychylky pfi pohybu tibie vacéi femuru v zatézi koncetiny. Za pozitivum povazujeme srovnani
s druhostrannym zdravym kolennim kloubem dva roky po operaci. Slabou strankou této ¢asti studie
pak mize byt moznost minimalniho posunu pokozky se sondou vici kosti pfi méfeni pohybu ve

studovaném kolennim kloubu pacienta a delsi kiivka uc¢eni odbéru dat.
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5. Puvodni prace autora a kolektivu

V této Casti habilitacni prace jsou vloZeny ptivodni odpublikované védecké prace autora

habilitacni prace a kolektivu, komentované vyse v textu.

Dalsi dvé préace jsou nyni v recenznim fizeni tuzemskych i1 zahrani¢nich ¢asopist.

1.) Komzék M, Hart R, Nahlik D, Vysoky R. Clinical results and rotational stability of the
knee two years after the ACL reconstruction using a quadriceps tendon graft.

Archives of Orthopaedic and Trauma Surgery; In review process

2.) Komzék M, Hart R, Nahlik D, Vysoky R. Rota¢ni stabilita kolenniho kloubu 2 roky po
rekonstrukci  anterolaterdlniho  ligamenta spoleéné s rekonstrukci LCA -

biomechanicka studie.

Acta Chirurgiae Orthopaedicae Et Traumatologiae Cechoslovaca; In review process
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AM bundle controls the anterior-posterior and rotational stability to a greater extent
than the PL bundle — A cadaver study

Martin Komzak **, Radek Hart >, FrantiSek Okal *2, Adel Safi &3

2 Department of Orthopaedic and Traumatologic Surgery, Hospital Znojmo, MUDr. Jana Jdnského 11, Znojmo, 669 02, Czech Republic
b Department of Traumatologic Surgery, University of Masaryk, Faculty of Medicine, Pondvka 6, Brno, 602 00, Czech Republic

ARTICLE INFO ABSTRACT

Background: The purpose of this study was to evaluate the influence of both bundles of the anterior cruciate

ligament (ACL) on knee stability, anterior-posterior translation (APT) and internal (IR) and external (ER) ro-

tation in cadaveric knees using a computer navigation system.

Methods: The APT, IR, and ER of the knees were recorded in the intact condition, the anterolateral bundle (AM) or

the posterolateral bundle (PL) deficit condition and in the ACL-deficient condition. The KT-1000 arthrometer was
- used for APT evaluation. The measurement of rotational movements was done using a rollimeter. All tests were

Keywords: o o o .

ACL performed at 30°, 60° and 90° of flexion.

Results: At 30° of flexion: In the intact knee APT was 5.8 mm, IR 12.1°, ER 10.1°. After the AM was cut, the APT

Article history:
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Received in revised form 14 March 2013
Accepted 31 March 2013

Available online xxxx

Bundles

Rotational movement increased to 9.1 mm, IR to 13.9° and ER to 12.6°. After the PL was cut, the APT was 6.4 mm, IR 13.1° and ER 10.6°.
Stability After the AM and PL were cut, the APT was 10.8 mm, IR 15.7° and the ER was 12.9° on average.

Navigation Conclusions: The AM has a greater impact on the APT than the PL in all knee joint flexion angles. The PL does not

resist the rotational stability more than the AM. The rotational stability is better controlled by both bundles of
ACL as compared to one bundle of the ACL.
Clinical Relevance: This study acknowledges the fact that the both bundles of the ACL are importants for AP and

rotational stability of the knee joint.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The anterior cruciate ligament (ACL) consists of two functional parts
that develop in the 16th week of gestation [1]: the anteromedial (AM)
bundle and the posterolateral (PL) bundle [2-8]. Its anteromedial seg-
ment is inserted more medially and ventrally to the tibia. The fibers of
the posterolateral bundle are attached to posterior and lateral parts of
the ACL attachment to the tibia [9-12]. Depending on the knee flexion,
the position of the femoral attachment of either bundle relatively varies
from vertical orientation of both bundles in full extension to increas-
ingly horizontal orientation in flexion. In flexion, the AM bundle is tight-
ened and the PL bundle is more relaxed; in full extension, the AM
bundle is more relaxed than the PL [13-16]. The Lachman and “pivot
shift” tests are mainly used to determine the quality and functional
condition of the ACL [8,17]. The Lachman test can be quantified subse-
quently using the KT-1000 arthrometer (MEDmetronic, San Diego,
California).

* Corresponding author at: MUDTr. Jana Janského 11, 669 02, Znojmo, Czech Republic.
Tel.: +420 515 215 412; fax: +420 515 215 411.
E-mail addresses: m.komzak@seznam.cz (M. Komzak), nela.kom@seznam.cz
(R. Hart), frantisekokal@gmail.com (F. Okal), adel.safi@seznam.cz (A. Safi).
1 Tel.: +420 515 215 265; fax: +420 515 215 411.
2 Tel.: +420 515 215 377; fax: +420 515 215 411.
3 Tel.: +420 515 215 416; fax: +420 515 215 411.

0968-0160/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.knee.2013.03.012

This research aims to assess the effect of both ACL bundles (AM, PL)
on the anterior-posterior and rotational stability of the knee joint. The
following hypotheses were examined:

A) The AM bundle controls anterior-posterior translation (APT)
more than the PL bundle.

B) The AM bundle controls the rotational stability more than the
PL bundle.

C) With the intact ACL, the rotational stability is better controlled
than when only the AM bundle is present.

2. Materials and methods

The experiment was performed on knee joints of 30 fresh cadavers
(whole bodies), each being Caucasian, 55-90 years of age at the mo-
ment of death (average 75 years), without neither previous surgical
treatment nor lower limb injury. On average, the specimens were
dead for 18 h (range, 8-24 h) and had not been chemically treated.

The lower limb of each cadaver was fixed to the surgical table by a
set of ropes. The cadaver's femur was fixed into a metal holder clamp.
A self-cutting was applied to the distal part of the femur, which
prevented rotational motions of the femur after being fixed by the
belt. This mechanism was introduced to eliminate unintentional shifts

Please cite this article as: Komzak M, et al, AM bundle controls the anterior-posterior and rotational stability to a greater extent than the PL
bundle — A..., Knee (2013), http://dx.doi.org/10.1016/j.knee.2013.03.012
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of the femur, since the research was based on observation and analysis
of the tibia movements experienced under various conditions.

An “iron shoe” was used for each of the cadaver's feet using plastic
strips (Fig. 1). This shoe provided 100° dorsal flexion in the tibio-talar
joint, eliminating the possibility of rotational movements in the ankle.
A rollimeter (Aesculap, Tuttlingen, Germany) was fixed to the shoe in
the axis of the tibia. This device provided rotational movements in the
tibial axis. The knee joint flexion (30°, 60° and 90°) was secured by
wooden wedges and controlled on the screen of navigation system.

A bicortical screw for tibial passive markers of the navigation
was drilled into the ventral side of the tibia, 10 cm below the tibial
tuberosity. Another screw was applied into the ventral side of the femur
15 cm above the upper edge of the patella in the same way. The optical
computer-controlled navigation system Orthopilot (Aesculap, Tuttlingen,
Germany) was used to determine the deviation of the tibia relative to the
femur during APT and rotational movements in the knee joint (Fig. 2).

This navigation system uses a stereo-optical infrared camera to track
locations of infrared light sources. Trackable light sources were passive
markers. Computer software is able to locate and calculate positions
of the markers relative to each other, as well as to the camera. By
this means it was possible to record the stability of the knee joint
(the Lachman test and the test of the internal and external rotation)
before and after the ACL bundles were cut. The resolution of the motion
measurements of this navigation system is less than 1 mm and degree.
The manufacturer declares 100% accuracy if the position of the markers
is recorded correctly.

Using the pointer with passive markers, the data were acquired from
the tibial tuberosity, anterior tibial cortex and the medial and lateral
edge of the tibial plateau, followed by recording the data into the navi-
gation system while both in 90° flexion and in full extension of the knee
joint and registering the kinematic data for the transfer of the knee joint
between the above mentioned states (90° flexion, full extension).

After recording all this data into the navigation system, an internal
rotation (IR) of the knee joint was performed using the rollimeter
attached to the metallic shoe with the force of 2.5 Nm. The value of
deviation shown by the navigation was recorded. The same process
was then repeated using the external rotation (ER) of the knee joint.
Finally, the tibial APT was performed, using the KT-1000 (MEDmetronic,
San Diego, California) set to force of 30 Ib, repeated for 30°, 60° and 90°
flexion of the knee joint. The changes of the APT were measured by the
computer navigated system. Subsequently, a very limited medial patel-
lar approach was used without compromising any stabilizing structure
(the incision was performed parallel with the medial border of patellar
ligament). Using an arthroscopic camera system, the ACL was located.

Fig. 1. “Iron shoe“ mounted to the cadaver foot providing 100°dorsal flexion in the
tibio-talar joint.

Both bundles of the ACL were identified and one of the bundles was
cut. Both the order in which bundles were cut and the selection of the
limb were determined by permuted block randomization. After having
cut the first randomly chosen bundle, the measurement was repeated
as stated above with only one functional ACL bundle. These measure-
ments were also repeated three times for each condition. After recording
all the desired data, the remaining ACL bundle was cut and the measure-
ment process was repeated once again for the ACL-deficient knee joint.

After having collected all data on absolute values of deviations in
APT of the tibia relative to the femur (in mm), internal and external
rotations (in degrees), all of it separately with the joint being in 30°,
60° and 90° flexion, the instability data were compared for ACL-intact,
AM-deficit, PL-deficit, and ACL-deficient knee. The order of the tests
was the following: in 30° flexion: APT, IR and ER for ACL-intact knee,
then the same process for 60° and 90° flexion; one part of the ACL
was cut and the APT, IR and ER in 30° were repeated, then in 60° and
90°; finally followed the same process for ACL-deficient knee.

2.1. Statistical analysis

All data were evaluated by STATISTICA 9.0 software. The description
of the deviation of movement in millimeters or in degrees included
mean, standard deviation and range for continuous variables. Multivari-
ate analysis of variance (MANOVA) and one way analysis (ANOVA) were
used. Differences in statistical significance were determined by an paired
Student t-test for a mean value in each phase. The p value <0.05 was con-
sidered statistically significant.

3. Results

The data obtained with the KT-1000 arthrometer resulted in conclusion of the AM
bundle that controls the APT of the knee joint more significantly than the PL bundle and
this is valid for all degrees of knee joint flexion (p value <0.05). AP instability of the
knee joint is the highest after the cut of both ACL bundles (p value <0.05). With in-
creasing knee joint flexion, the absolute AP instability values (mm) decrease (Table 1).

Rotation movements measured using the rollimeter proved that both bundles of
the ACL control IR and ER in the same way. The IR was controlled by both ACL bundles,
in all degrees of flexion, almost identically (without statistical significance). The values
showed slightly higher levels of instability after cutting the AM bundle (Table 2). The
data for the ER showed similar values as for the IR. The ER was less influenced by the
condition of either ACL bundle than the IR (Table 3).

4. Discussion

The main idea of the presented study was to indicate the role of the
AM and PL bundles of the ACL in the kinematic changes of the knee
joint, especially in the rotational stability. The role of the ACL in kine-
matics of the knee joint has been studied in several research studies.
These studies were carried out in experimental conditions [18-20],
after cutting the ACL partially or totally [18-20,25], after reconstruc-
tion of the ACL in a cadaver [26] or after reconstruction of the ACL in-
traoperatively in a patient [21-24]. Monaco et al. [18] presented a
study in 2011 that is the most comparable one to our research. Their
paper describes the rotational and anterior—posterior stability of the
knee joint while using a navigation system. The authors evaluated
the kinematics in ACL-intact knees, after cutting PL-bundle of the
ACL and in ACL-deficient knees. As for rotational stability, they con-
cluded a minimal increase in IR and ER after cutting the PL bundle of
ACL (without statistical significance). In our research, both IR and ER
increased after a part of the ACL was cut, although this increase was
without statistical significance, but cutting both bundles of the ACL
was done at random. Therefore, the role of each bundle was studied
separately. After cutting the AM bundle, both rotations increased
more than after cutting the PL one. The instability of the knee in rota-
tional movement was higher after cutting both bundles of the ACL. Our
results disprove the premises of many authors, who claim that the PL
bundle restores the knee stability in IR more than the AM bundle
[23,24].
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Fig. 2. The diagram of the measurement. A shows the side view. B shows the top view. The experiment was made using kinematic navigation system, the motion in the femur was
produced by KT-1000 and the rollimeter which was applied to the “metal shoe* fixed at the heel of the patient.

For the AP stability of the knee joint, our data show that after the
cutting of the AM bundle, AP displacement is increased more than the
PL bundle is interrupted, in a statistically significant manner in all
flexion degrees studied. The hypothesis that the AM bundle neutral-
izes the AP load in the knee joint more than the PL bundle alone
was confirmed (Table 1). This result is in contrast with study carried
out by Markolf et al. [25] who have proven in their research that AP
translation is influenced by PL bundle. These authors used a force of
100 N to shift the tibia and the resulting shift after cutting the PL bun-
dle was 0.5 mm on average (30° flexion). The results of our research
show an average shift of 0.6 mm caused by force 30 Ib in PL-deficient
knee joints (compared to 3.3 mm shift in AM-deficient knees, see
Table 1), thus supporting the conclusion about the greater impor-
tance of the AM bundle, considering the APT, when compared to
impact of the PL bundle.

In the study from 2011 [18], Monaco et al. describe the same
results as in our research. After the AM bundle is cut, AP translation
increased in a statistically significant manner in comparison with
cutting PL one. Steckel et al. [26] also observed a similar result during

the surgery (they reconstructed the ACL using the AM-bundle tech-
nique and by double-bundle technique). They compared the AP trans-
lation after both types of reconstruction. The AM bundle restored AP
stability in the same way as the double bundle technique did. Both

Table 1

Values of AP translation (mm) in 30°, 60°, and 90° flexion of the knee joint. P1 value
determines the statistical significance for APT in PL-deficient and AM-deficient knee,
P2 for APT in ACL-intact and ACL-deficient knee joint.

flexion angle (degrees) 30 60 90

ACL-intact knee 58 +29(1-12) 49 + 2.1 (2-10) 3.6 + 1.6 (1-7)
(mm)

PL-deficient knee 6.4 + 2.1 (3-9) 6.5+ 1.7 (2-9) 5.1 £+ 1.5(2-8)
(mm)

AM-deficient knee 9.1 +£49(6-15) 83 +£29(6-16) 7.2 4+ 2.7 (3-11)
(mm)

ACL-deficient knee 10.8 + 2.9 (5-16) 9.5 + 2.7 (5-15) 8.7 4 2.9 (3-13)
(mm)

P1 value p = 0.01 p = 0.05 p = 0.04

P2 value p = 0.01 p = 0.02 p = 0.01
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Table 2

Values of internal rotation (degrees) in 30°, 60°, and 90° flexion of the knee joint. P1
value determines the statistical significance for IR in PL-deficient and AM-deficient
knee, P2 for IR in ACL-intact and ACL-deficient knee joint.

Flexion angle 30 60 90

(degrees)

ACL-intact knee  12.1 £ 3.6 (7-19) 11.6 £ 3.9 (4-21) 114 + 2.8 (5-20)
(degrees)

PL-deficient knee 13.1 4 4.2 (8-19) 129 4 3.7 (8-21) 12.7 4+ 1.7 (10-15)
(degrees)

AM-deficient 139 £+ 5.6 (7-23) 13.8 & 2.5(10-19) 13.7 & 3.9 (10-25)

knee (degrees)
ACL-deficient

knee (degrees)
P1 value 0.35 0.31 0.29
P2 value 0.08 0.07 0.06

149 + 4.1 (10-24) 146 + 3.1 (9-26) 144 + 3.1 (10-26)

authors mentioned that they used computer navigation devices for
their experiments.

As for the role of both bundles of ACL, the flexion angle of the joint
is one of the most relevant factors for the kinematics of the knee.
The studies in experimental conditions describe that the AM and PL
bundles are parallel in the full extension. The length of the PL one
decreases with increasing flexion angle, the AM part becomes shorter
between 0° and 30°, but then between 30° and 120° it elongates grad-
ually [16]. This fact correlates with the study of Gabriel et al. [27] who
describe the function of two bundles of ACL under the condition of
increasing flexion in the knee joint. They studied the anterior tibial
load and rotatory load. They concluded that the PL bundle is the
most important structure near full extension in anterior tibial load
and also in rotatory load. By increasing the degree of the flexion, the
AM bundle becomes more important.

There have been in vivo studies, which contradict this opinion. For
example, in the study from 2007, Jordan et al. [28] describe the paral-
lel position and the greatest length of both bundles of the ACL in full
extension. Both bundles shortened with increasing flexion angle in
the knee joint. This study was conducted using magnetic resonance
images from 7 healthy patients. In our study, the absolute values
demonstrate that with increasing flexion, the instability of the knee
joint in AP and rotatory load decreases. This is the consequence of
the function the dynamic stabilizers of the knee [27].

For the measurement of knee laxity, the navigation system
Orthopilot was used in our research. There are studies in the literature
evaluating the reliability of this system for measuring the laxity of the
knee joint intraoperatively [29]. It is necessary to fix the markers into
the bone of a patient by using a K-wire or by using a screw. This tech-
nique is impossible to use in clinical practice before and after the oper-
ation. For this purpose, AP translation is measured by different
arthrometers and rotational movements could be verified by a rotame-
ter [30]. Our study utilizes these devices (navigation, arthrometer and
rollimeter) in one experiment. This combination gives us more precise

Table 3

Values of external rotation (degrees) in 30°, 60°, and 90° flexion of the knee joint. P1
value determines the statistical significance for ER in PL-deficient and AM-deficient
knee, P2 for ER in ACL-intact and ACL-deficient knee joint.

Flexion angle 30 60 90

(degrees)

ACL-intact knee 10.1 & 3.7 (4-18) 8.9 + 2.1 (4-10) 7.6 &+ 2.1 (4-12)
(degrees)

PL-deficient knee 10.6 + 3.6 (5-13) 9.4 + 2.3 (6-13) 8.2 4+ 1.2 (6-10)
(degrees)

AM-deficient knee  11.6 & 4.4 (7-18) 10.3 £+ 2.3 (7-15) 9.1 4+ 2.2 (8-14)
(degrees)

ACL-deficient knee  12.3 4 4.6 (7-24) 113 £ 3.5(7-20) 9.9 + 3.9 (6-22)
(degrees)

P1 value 0.27 031 0.31

P2 value 0.11 0.08 0.09

data concerning the ACL condition. However, using these three systems
simultaneously everyday in orthopaedic practice during ACL recon-
struction surgery is technically demanding and time-consuming.

The results of this study showed increasing instability of the knee
joint in rotational and AP movement of the tibia versus the femur
after cutting a part of the ACL. The changes were for IR 3° on average
after cutting total ACL and for ER 2° on average. For AP translation, the
changes were about 5 mm on average. We see the weakness of this
research in the fact that it has been performed on cadavers and not
in vivo. The stiffness post mortem of a cadaver decreases the absolute
value. But for the illustration of biomechanics in the knee joint it is
obviously sufficient.

The other weakness of this presented study can be seen in using
an open surgical approach and the elongation of the soft tissue with
repetitive loading. But the minimal surgical approach left all signifi-
cant joint stabilizing structures intact and the elongation of the tis-
sues around the joint caused the rise in absolute value by 1 mm on
average after repetition of the measurement.

The strength of the presented study is the act of cutting the
bundles of the ACL in the randomized block. 30 randomly-chosen
specimens had their AM bundle cut initially, while the other 30
researched knee joints had their PL bundle cut first. Where the PL
bundle was cut first, the changes of relative instability of the knee
joint were of less significance than in the cases where the AM bundle
was cut first.

The further advantage of this study is the number of cadaver
specimens. For example, Monaco et al. [18] used 10 cadavers, Lorbach
et al. [20] researched the influence of ACL bundles on both internal
and external rotations using 20 cadaverous specimens, and Colombet
et al. [19] used computer navigation technology to measure AP trans-
lation and internal rotation in knee joints of 4 cadaverous specimens.
We used 30 knees for cutting AM bundle first and 30 knees where the
PL bundle was cut first.

The final, and the main strength of this study, was the use of the
“metal-shoe” together with the rollimeter and the KT-1000 for the
application of the constant force. In most of the other studies, the
movement was powered by the surgeon's hands. Objectively, we
are of the opinion that no matter how prepared and physically able
the researcher is, he or she doesn't apply always the same force.

The goal of this research was to determine the influence of ACL
bundles on AP and rotational stability of the knee joint by the applica-
tion of the particular AP force and the torque, while using a computer
navigation system. The data showed that the AM bundle has a greater
impact on the AP stability than the PL one (hypothesis A) for all knee
joint flexion angles and that the PL bundle does not resist the rota-
tional stability more than the AM bundle (hypothesis B). With an
intact ACL, the rotational stability is controlled better than when
only the AM bundle is present (hypothesis C).
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m KNEE

Does the posterolateral bundle influence
rotational movement more than the
anteromedial bundle in anterior cruciate
ligament reconstruction?

A CLINICAL STUDY

The biomechanical function of the anteromedial (AM) and posterolateral (PL) bundles of the
anterior cruciate ligament (ACL) remains controversial. Some studies report that the AM
bundle stabilises the knee joint in anteroposterior (AP) translation and rotational movement
(both internal and external) to the same extent as the PL bundle. Others conclude that the
PL bundle is more important than the AM in controlling rotational movement.

The objective of this randomised cohort study involving 60 patients (39 men and
21 women) with a mean age of 32.9 years (18 to 53) was to evaluate the function of the AM
and the PL bundles of the ACL in both AP and rotational movements of the knee joint after
single-bundle and double-bundle ACL reconstruction using a computer navigation system.
In the double-bundle group the patients were also randomised to have the AM or the PL
bundle tensioned first, with knee laxity measured after each stage of reconstruction. All
patients had isolated complete ACL tears, and the presence of a meniscal injury was the
only supplementary pathology permitted for inclusion in the trial. The KT-1000 arthrometer
was used to apply a constant load to evaluate the AP translation and the rolimeter was used
to apply a constant rotational force. For the single-bundle group deviation was measured
before and after ACL reconstruction. In the double-bundle group deviation was measured
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for the ACL-deficient, AM- or PL-reconstructed first conditions and for the total

reconstruction.

We found that the AM bundle in the double-bundle group controlled rotation as much as
the single-bundle technique, and to a greater extent than the PL bundle in the double-
bundle technique. The double-bundle technique increases AP translation and rotational
stability in internal rotation more than the single-bundle technique.

Although the histological and anatomical fea-
tures of the anterior cruciate ligament (ACL)
are generally accepted, the biomechanical
function of the anteromedial (AM) and
posterolateral (PL) bundles remains incom-
pletely understood.!” In some studies the AM
bundle has been reported to stabilise anter-
oposterior (AP) translation and rotational
movements of the knee to the same extent as
the PL bundle.®’ However, a difference in the
stability of the knee joint after single- and dou-
ble-bundle ACL reconstruction has been
reported.'®!! Some authors conclude that the
PL bundle is more important than the AM in
controlling tibial rotation.'?1*

The purpose of this study was to determine
the influence of the individual ACL bundles on
AP and rotational movement of the knee joint
using a computer navigation system, following
reconstruction of the ACL using the single- and

double-bundle techniques. Our hypotheses
were that the AM bundle is more important for
rotational stability than the PL bundle; that the
double-bundle technique stabilises rotational
movement of the knee joint more than the
single-bundle technique and that the double-
bundle technique stabilises AP translation
more than the single-bundle technique.

Patients and Methods

We studied 60 patients (60 knees; 26 right,
34 left) who underwent ACL reconstruction
between March 2010 and May 2011. There
were 39 men and 21 women with a mean age
of 32.9 years (18 to 53). The interval between
injury and treatment was within seven days in
all cases, with the injury as a result either of
sport or motor vehicle accident. All gave
informed consent to being included in prospec-
tive research. A total of 20 patients had a
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single-bundle reconstruction using hamstring tendons,
20 had a double-bundle technique with the AM bundle
being reconstructed first, and 20 patients had double-bun-
dle reconstruction with the PL bundle first. Patients were
allocated to each group using permutated block randomisa-
tion by Random Number Generator Software version 7.0
(Microsoft Corp., Redmond, Washington). The number of
patients in the study was determined by a power analysis,
which required 20 patients in each group. The minimum
sample size required to detect the hypothesised effects was
determined as n = 60, with an effect size of 90%, a-level
0.05 and power of 0.90 (B = 0.10).

The inclusion criteria were limited to an ACL lesion com-
bined with a meniscal tear (of either meniscus). All patients
with associated injuries to the knee, such as a fracture,
posterolateral instability, or injury to the lateral or medial
collateral ligaments, were excluded. Any patient with a par-
tially torn ACL confirmed by arthroscopy was also excluded.

Under general anaesthesia, the patient’s thigh was
secured in a metal holder. A diagnostic arthroscopy was
performed to assess the ACL and meniscal injuries, as pre-
viously diagnosed by MRI. If the diagnosis of rupture was
confirmed, grafts were harvested. Through a 5 cm incision
overlying the anterior border of the pes anserinus the graci-
lis and semitendinosus tendons were identified and sepa-
rated by hook retractors, and the semitendinosus was
removed using a tendon stripper. A graft for the single-
bundle technique was folded three times to make it 9 cm
long and 9 mm wide, irrespective of the diameter of the
femoral attachment of the native ACL. Grafts for the dou-
ble-bundle technique were taken from the semitendinosus
for the AM bundle and the gracilis tendon for the PL bun-
dle. In these cases the graft was adjusted to a size of 9 cm x
8 mm for the AM bundle and 8 cm x 6 mm for the PL bun-
dle. Both grafts were folded three times and the edges of
each graft bundle were whip-stitched at 3 cm from the fem-
oral end and 2.5 cm from the tibial end using Polysorb 2
absorbable suture (Covidien, Mansfield, Massachusetts).

In the single-bundle technique a 9 mm femoral tunnel was
drilled into the medial aspect of the lateral femoral condyle
between the one and two o’clock positions in the intercondy-
lar notch for the left knees and between 10 and 11 o’clock
for the right knees. The tibial tunnel was drilled to pass
through the centre of the footprint of the native ACL.

For the double-bundle technique, the 8 mm femoral tun-
nel for the AM bundle was located behind the lateral
bifurcate ridge on the medial aspect of the lateral femoral
condyle. The 8 mm tibial tunnel for the AM bundle was
located 14 mm in front of the PCL attachment slightly
medially, and was drilled at an angle of 55° relative to the
anteromedial part of the tibial plateau. The femoral attach-
ment of the PL bundle was drilled between the lateral bifur-
cate ridge and the lateral intercondylar ridge. This tunnel
was 6 mm wide. The tibial tunnel for the PL bundle was
located 7 mm in front of the PCL attachment slightly laterally,
and drilled at 45° relative to the medial tibial plateau (Fig. 1).
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Fig. 1

Intra-operative arthroscopic photograph of the anteromedial (AM) and
posterolateral (PL) bone tunnels for the placement of grafts in the
femur.

Subsequently, a bicortical screw was drilled percutane-
ously into the femur for the attachment of a passive marker,
10 cm proximal to the upper pole of the patella, and a sec-
ond screw was passed into the ventral aspect of the tibia,
15 cm below the distal pole of the patella. Each screw
secured the navigation system markers. The optical com-
puter navigation system used was OrthoPilot (Aesculap,
Tuttlingen, Germany). It depends on the reception of infra-
red rays emitted by a stereo-optic infrared camera, which
also records the rays reflected by the markers. It evaluates
the data and calculates the relative positions of the markers
to a resolution of £ 1 mm. In order to collect other data, the
positions of the tibial tuberosity, anterior tibial cortex and
medial and lateral margins of the tibial plateau need to be
defined. The positions of the markers on both the tibia and
the femur are recorded in 90° knee flexion and in full exten-
sion. The kinematics of the markers are recorded when the
knee is moved from extension to flexion, permitting meas-
urement of sagittal translation (in mm) and rotation of the
tibia relative to the femur (in °).

The KT-1000 arthrometer (MEDmetric, San Diego, Cal-
ifornia) was used to measure the ventral translation in the
knee joint (with a constant force of 133 N) in 30° flexion,
which was controlled with reference to the navigation sys-
tem. In order to measure rotation of the tibia in relation to
the femur, the patient’s leg was stabilised in a customised
boot, so that the ankle was held in 10° dorsiflexion, in
order to eliminate unintentional rotations of the ankle. A
rolimeter (Aesculap) was attached to the boot as an
extension of the tibial axis, allowing rotation of the tibia
with a constant force of 2.5 Nm (Fig. 2).
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Fig. 2

Photograph showing the rigid metal splint providing 10° dorsiflexion at
the ankle mounted on the patient’s foot during the navigation process.

Next, the KT-1000 arthrometer was used to apply force
(133 N) to the ACL-deficient knee after the tendon harvest
in order to measure the anterior translation of the tibia.
This movement was also measured using the navigation
device and repeated three times in this position by the same
senior orthopaedic surgeon (RH). Subsequently, the tibia
was internally rotated using the rolimeter using a force of
2.5 Nm and the measurements were repeated. The same
process was finally repeated for external rotation.

The grafts were placed into the prepared tunnels and
secured with interference screws. The AM bundle was ten-
sioned using a tonometer set to 85 N in 45° of knee flexion.
The PL bundle was tensioned at 10° flexion with the same
force applied. In single-bundle technique, the graft was ten-
sioned by 85 N in 30° flexion. After securing one bundle
during the double-bundle technique, the same data as in the
ACL-deficient condition were collected three times from
the navigation device with forces of 133 N or 2.5 Nm
applied in 30° flexion. This was repeated after securing the
second bundle. For the single-bundle technique data collec-
tion was done only once.

After collecting all the values of both the AP tibial
movement relative to the femur (in mm) and internal and
external rotation (in °) for the 30° flexed knee joint, the
post-operative values for the stability of both single-and
double-bundle techniques were compared with those of the
ACL-deficient pre-operative knee joint. For the double-
bundle technique, the influence of individual portions of
the ACL was also compared with the ACL-deficient situa-
tion. The two techniques were also compared.

Statistical analysis. All results were analysed using STATIS-
TICA 9.0 software (StatSoft, Prague, Czech Republic). The
recorded movements (in mm or °) were examined as means,
standard deviations (SD) and ranges. Analysis of variance

(ANOVA) and unpaired Student’s ¢-tests were used to com-
pare the AP translation and rotational stability in the knee
joint for ACL-deficient, AM or PL-bundle reconstructed
knee joint (DB technique), isometric SB reconstruction and
for DB reconstructed knee joint (ACL-intact). A p-value
< 0.05 was considered statistically significant.

Results

Anteroposterior translation. There was no statistically sig-
nificant difference in AP translation of the knee after inser-
tion of the graft in the single-bundle technique or the AM
bundle in the double-bundle technique (p = 0.85, Student’s
t-test). When only the PL bundle was inserted, the AP trans-
lation reduced by a mean of 5.8 mm, demonstrating a
smaller influence of the PL bundle on AP translation com-
pared to the AM reconstruction and the single-bundle tech-
nique (p = 0.003, ANOVA). Similarly, the difference in
mean AP translation between the double-bundle technique
and the single-bundle one remained statistically significant
(p = 0.02, Student’s ¢-test) (Table I).

Internal rotation. The double-bundle technique reduced
internal rotation more than the single-bundle technique
(p= 0.01, Student’s #test). When the PL bundle was
inserted first, internal rotation was reduced to a mean of
15.3° compared with the ACL-deficient knee. After adding
the AM bundle, the mean internal rotation was 13.9°.
There was no statistically significant difference between the
results of single- and double-bundle techniques regardless
of which bundle was secured first (p = 0.51, ANOVA).
However, reconstruction of the AM bundle had a greater
effect on reducing internal rotation than did the PL bundle.
Reconstruction of the AM bundle restores internal rotation
to the same extent as does isometric single-bundle recon-
struction of the ACL (p = 0.89, Student’s #-test)(Table II).
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Table I. Mean anteroposterior (AP) translation (sD, range) at 30° flexion of the knee joint in the
anterior cruciate ligament (ACL)-deficient knee before single- and double-bundle reconstruc-
tion (with either the posterolateral (PL) or anteromedial (AM) tightened first), and following

ACL reconstruction

Mean AP translation (mm) Single-bundle

Double bundle
PL first

AM first

ACL-deficient knee 18.5 (4.6; 13 to 23)
Partially reconstructed -

ACL:-reconstructed knee 8.5 (3.5; 310 17)

18.9 (4.9; 14 to 31)
13.1 (4.4; 6 to 20)
6.1(2.1; 3t0 13)

18.9 (4.9; 14 to 31)
8.9 (3.5;5t018)
6.1(2.1; 3t0 13)

Table Il. Mean internal rotation at 30° flexion of the knee joint in the anterior cruciate ligament
(ACL)-deficient knee before single- and double-bundle reconstruction (with either the postero-
lateral (PL) or anteromedial (AM) tightened first), and following ACL reconstruction

Mean internal rotation (°)

Single-bundle

Double bundle
PL first

AM first

AClL-deficient knee
Partially reconstructed -
ACL:-reconstructed knee

19.3 (4.6; 15 to 24)

14.5 (3.3; 10 to 19)

18.8 (4.4; 12 to 26)
15.3 (3.1; 10 to 21)
10.4 (2.1; 7 to 15)

18.8 (4.4; 12 to 26)
13.9(2.1; 11 to 18)
10.4 (2.1; 7 to 15)

Table Ill. Mean external rotation at 30° flexion of the knee joint in the anterior cruciate ligament
(ACL)-deficient knee before single- and double-bundle reconstruction (with either the postero-
lateral (PL) or anteromedial (AM) tightened first), and following ACL reconstruction

Mean external rotation (°)  Single-bundle

Double bundle
PL first

AM first

ACL-deficient knee 18.1 (4.1; 12 to 23)
Partially reconstructed -
ACL:reconstructed knee 13.1(3.4; 11 to 19)

17.6 (3.8; 10 to 24)
14.9 (3.2; 11 to 23)
10.8 (2.8; 8 to 15)

17.6 (3.8; 10 to 24)
14.5 (2.9; 10 to 22)
10.8 (2.8; 8 to 15)

External rotation. No significant difference was apparent
for the extent of external rotation between the single- and
double-bundle techniques (p = 0.25, Student’s #-test), and
with the double-bundle technique no difference was found
whether the AM or the PL bundle was reconstructed first
(p = 0.43, ANOVA) (Table III).

Discussion
The main purpose of this study was to examine the role of
the AM and PL bundles of the ACL on kinematic changes
in the knee joint, especially rotational stability. The kine-
matic function of the ACL has been studied extensively
under experimental conditions,»'>! after dividing the
ACL partially or totally,!? after the reconstruction of the
ACL in a cadaver,'®!" and intra-operatively after
reconstruction, 1314

Ishobashi et al'* undertook an investigation similar to
our own in which the improvement in the AP and rota-
tional stability of the knee was studied while using a navi-
gation system. The authors evaluated the kinematics of
125 knees in 125 patients (80 treated by the double-bundle
technique, 45 by the single-bundle technique) in an ACL-
deficient knee, after reconstructing the AM or PL bundles
and in an ACL-intact knee. The internal rotation of the
tibia before the reconstruction was a mean 39.0°. After
reconstruction of the PL bundle, the rotation improved to a
mean of 35.0° and after reconstruction of the AM bundle
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separately, the mean tibial rotation was 35.3°. After the
double-bundle reconstruction, the rotation decreased to a
mean of 34.5°. The authors concluded that ‘the postero-
lateral bundle has a more important role in controlling
rotation of the tibia than the anteromedial bundle’.'* Rob-
inson et al'® also concluded that the PL bundle contributed
more to reducing internal rotation than the AM bundle.
However, we found a greater decrease in internal rotation
after reconstruction of the AM bundle than after PL bundle
reconstruction, but the difference was not statistically sig-
nificant (p = 0.61). The difference between the ACL-
deficient knee joint and after PL bundle reconstruction was
a mean of 3.5°, and after AM reconstruction was a mean of
4.9°. In clinical practice such a small difference has little rel-
evance, which indicates a very similar role for both AM and
PL bundles in controlling internal rotational stability in the
knee joint.

The hypothesis that the AM bundle is the most important
for controlling internal rotation was confirmed in a study by
Monaco et al using navigation.” They showed that internal
rotation decreased from a mean of 19.8° in ACL-deficient
knees to a mean of 17.0° after AM reconstruction only, and
to 16.2° after further reconstruction of the PL bundle.

In a study in cadavers Lorbach et al'? showed the PL
bundle to have a greater influence on controlling external
rotation than the AM bundle. They produced rotation by
applying a force of 5 Nm using a rotameter attached to the
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tibia. External rotation in the ACL-intact knee was a mean
of 19.4°; after dividing the PL bundle it increased to a mean
of 22.2° and after dividing the AM bundle it increased to a
mean of 24.4°. The difference in the increased external
rotation between when the PL bundle was divided and
when the entire ACL was divided was only 0.6°. In our
study this difference was 0.4°. Consequently, we agree with
Monaco et al’ that the AM bundle has a greater role in con-
trolling external rotation than the PL bundle.

In experimental conditions double-bundle reconstruction
has been shown to reduce rotational movement better than
the single-bundle technique.'> Hofbauer et al,' in an i vivo
study, showed greater control of internal rotation in the knee
after double-bundle reconstruction than after single-bundle
reconstruction. Song et al'® reported similar findings.

The strength of our study is the randomisation of the
method of reconstruction of the ACL bundles, allowing the
influence of individual bundles on AP translation and both
internal and external rotation to be studied. Additionally,
the application of force to the knee with the rolimeter and
the KT-1000 allowed reproducibility in testing.

In summary, in the anatomical position during double-
bundle reconstruction of the ACL, AM bundle restores
rotational stability of the knee joint to the same extent as
the isometric single-bundle reconstruction of the ACL and
to a greater extent than the PL bundle (although in the lat-
ter case without reaching statistical significance). Adding
the PL bundle increases the rotational stability of knee
joint, primarily in internal rotation. The double-bundle
technique reduces AP laxity in a statistically significant
manner to a greater extent than does the single-bundle
technique, irrespective of whether the AM or the PL bun-
dle was tensioned first. The rotational stability of the knee
joint is also greater after the double-bundle technique,
with statistical significance for internal rotation but not
for external rotation.

Supplementary material

OXXm A table summarising the literature on relative laxity
. in the knee after division and reconstruction of the
anterior cruciate ligament is available with the electronic
version of this article on our website www.bjj.boneand-
joint.org.uk
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Vliv centralni anatomické jednosvazkoveé

a anatomickeé dvojsvazkové rekonstrukce predniho
zkrizeného vazu na stabilitu kolenniho kloubu.
Klinicka studie
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Reconstruction of the Anterior Cruciate Ligament on Knee Stability. A Clinical Study
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ABSTRACT

PURPOSE OF THE STUDY

A comparison of the efficacy of central anatomical single-bundle (CASB) reconstruction with that of double-bundle (DB)
repair of the anterior cruciate ligament (ACL) in relation to knee stability in anteroposterior translation (APT), internal rotation
(IR) and external rotation (ER) of the joint.

MATERIAL AND METHODS

A total of 40 patients were evaluated; 20 had ACL reconstruction by the CASB technique using hamstrings and 20 un-
derwent DB repair surgery. The average age was 31.3 years, and the group included 22 men and 18 women with 19 right
and 21 left knees. The KT-1000 test was used to assess the amount of APT in the knee and rotational deviations were
measured by the Rolimeter. In the DB patients, measurements were performed before surgery (on joints with ACL injury),
then after reconstruction of the anteromedial (AM) or the posterolateral (PL) bundle and subsequently after repair of both
ACL bundles. The CASB patients were assessed before and after graft insertion.

RESULTS

The average APT value was 18.5 mm for the pre-operative knees and it fell to 8.9 mm after AM bundle reconstruction.
However, when the PL bundle was inserted in the first place, the average APT value was 13.1 mm only. The average values
recorded after the DB and CASB reconstructions were 6.1 mm and 9.1 mm, respectively.

The average IR range of motion in the pre-operative joints was 18.6 degrees. After AM bundle reconstruction it was 13.9
degrees and after PL bundle repair it was 15.3 degrees. In DB reconstruction the average IR value achieved 10.4 degrees,
and in CASB repair surgery it was 13.7 degrees.

The average ER range of motion in the pre-operative joints was 17.8 degrees. After AM bundle reconstruction it was 14.5
degrees and after PL bundle repair it was 14.9 degrees. In DB reconstruction the average ER value achieved 11.4 degrees,
and in CASB repair surgery it was 14.5 degrees.

DISCUSSION

Rotational stability of the knee after ACL reconstruction is one of the most important factors in restoring physiological
kinematics of the joint after ACL injury. Since there are not many studies comparing knee rotational stability after CASB with
that after DB reconstructions, the results presented here may contribute to selecting the optimal method of ACL reconstruc-
tion.

CONCLUSIONS

The results show that, in ACL reconstruction, the DB technique provides better stability to the knee, in both APT and
rotation, than the CASB method. The latter has the same effect on knee stability as the presence of the AM bundle alone.
When the PL bundle is added, knee stability, in both APT and internal/external rotation, is increased in comparison with
central single-bundle ACL repair.

Key words: anterior cruciate ligament, navigation, central anatomical single-bundle reconstruction, double-bundle
reconstruction.
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Histologickd a anatomicka struktura pfedniho zkii-
zeného vazu (PZV) je znama do detailt. Otazkou vsak
zustava biomechanika jednotlivych svazkti PZV a jejich
vliv pfedev§im na rota¢ni stabilitu kolenniho kloubu
(3,7,8, 12, 16, 18, 22, 25, 27, 28). Hlavnim divodem,
pro¢ je rekonstrukce PZV realizovana, je znovunastole-
ni fyziologické kinematiky kolenniho kloubu. Femoral-
ni ipon PZV je poté nejdilezitéj$im mistem ligamenta,
ktery je za spravnou kinematiku kloubu zodpovédny.
Jeho pozice je presné definovana (6, 14, 17). Existuje
fada kostnich prominenci, které definuji spravnou anato-
mickou pozici femoralniho Gponu PZV (5, 16, 23, 29.).
Biomechanické studie popisuji kinematiku kloubu po
ruznych typech nahrady PZV (1, 2, 4, 9, 10, 11, 13, 15,
19, 20, 21, 24, 26, 32). Jednou z moznych metod rekon-
strukce PZV je tzv. centralni anatomicka jednosvazkova
néhrada (CASB). Kadaverdzni studie popisuji obnoveni
pfedozadni (APT) a rota¢ni (IR, ER) stability kolenniho
kloubu touto technikou ve stejné mite jako u rekonstruk-
ce dvojsvazkové (DB) (27). Divodem provedeni nasi
studie bylo oziejméni nasledujicich hypotéz:

a) Centralni anatomicka jednosvazkova nahrada PZV
ovliviiuje rotacni pohyby tibie vii¢i femuru stejné jako
dvojsvazkova rekonstrukce.

b) Centralni anatomicka jednosvazkova nahrada PZV
ovliviiuje pfedozadni translaci tibie vii¢i femuru stej-
n¢ jako dvojsvazkova rekonstrukce.

MATERIAL A METODIKA

U ¢tyficeti pacientd byla studovana kinematika ko-
lenniho kloubu po centralni anatomické jednosvazkové
nahradé PZV (CASB) v porovnani s nahradou dvojsvaz-
kovou (DB). Bylo operovano 22 muzi/18 Zen, 19 pra-
vych/21 levych kolen ve véku 31,3 let v priméru (17-42
let). Vsichni tito pacienti podepsali informovany souhlas
se zafazenim do studie a byli operovani do 6 tydnt od tira-
zu. Dvacet pacientd prodélalo nahradu PZV centralni ana-
tomickou jednosvazkovou technikou z hamstringu, dvacet
pacientll podstoupilo dvojsvazkovou nahradu PZV. Vybér
pacientti do jednotlivych skupin byl proveden za pomoci
permutacni blokové randomizace pocitacového softwaru
Random Number Generator Software 7.0. Vstupni krité-
ria pro zatrazeni pacientl do studie byla velice striktni, a to
pouze poranéni PZV, ev. s nevyznamnym poranénim me-
niskll s moznosti oSetieni parcidlni menisektomii. Vsich-
ni pacienti s poranénim ostatnich tkani tvofici kolenni
kloub, jako zlomeniny kosti, posterolateralni nestabilita,
poranéni postrannich vazil atd. byli ze studie vylouceni.
Také parcidlni ruptury PZV potvrzené peroperaéné do
studie zahrnuty nebyly. Tito pacienti pak byli 1é¢eni bud’
konzervativn¢ imobilizaci s postupnou rehabilitaci, anebo
augmentaci jednoho svazku PZV.

V ¢asném pooperac¢nim obdobi nebyla zjisténa zadna
vazngjsi komplikace. VSichni pacienti byli propusténi
do domaciho lé¢eni v priméru 6,2 dni po operaci (4-9
dni) a poté prodé€lali standartni rehabilita¢ni rezim po
nahradé PZV.
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OPERACNI TECHNIKA

Po uvedent pacienta do celkové anestezie byl femur fi-
xovan do kovového drzaku. Ze standardnich portl byla
provedena artroskopie a bylo tak potvrzeno podezieni na
poranéni PZV ¢i meniskl suspikovanych na MR. Poté byl
odebran Slachovy $tép z hamstringti. Kozni incize byla
vedena v délce v priméru 5 cm na anteromedialni ¢asti
proximalni tibie t&sn€ nad hornim okrajem pes anserinus.
Slachy m. gracilis nebo m. semitendinosus byly identifi-
kovany, separovany od ostatnich mekkych tkani retrak-
tory a Slacha m. semitendinosus byla odloucena od jejiho
tiponu na tibii striperem. Slacha pro jednosvazkovou plas-
tiku PZV byla zbavena svaloviny, tfikrat pfeloZena, a tim
byl ziskan §tép o délce 9 cm v priméru a 9 mm §ife prai-
méru. Stépy pro dvojsvazkovou néhradu byly odebrany
ze Slachy m. semitendinosus pro AM svazek a ze Slachy
m. gracilis pro PL svazek. V tomto druhém piipadé mél
$t€p pro AM svazek rozmér 9 cm x 8 mm a pro PL svazek
pak 8 cm x 6 mm. Oba konce §té€pu byly obsity v délce
3 c¢m na femoralnim konci a 2,5 cm na tibialnim konci
za pomoci casoveé dlouho-vstiebatelného Siciho materialu
Polysorb 2 (Covidien, Mansfield,USA).

Dtlezitym bodem bylo pfesné umisténi kostniho ka-
nalu ve femuru. Béhem anatomické jednosvazkové re-
konstrukce byl cilen femoralni kostni kanal 8 mm Siroky
z anteromedialniho portu na medialni plochu lateralniho
kondylu femuru. Pozice tohoto bodu byla oziejména
po dikladném ocisténi medialniho povrchu lateralniho
kondylu femuru od mékkych tkani za pomoci kalibro-
vaného artroskopického hacku. V 90° flexi v kolennim
kloubu byla méfena horizontalni distance medialni plo-
chy lateralniho kondylu femuru 2 mm nad chrupavkou
ve stiedni Casti s pfictenim poloviny priméru zamys-
leného kostniho kanalu. Pfesna pozice anatomického
sttedu femoralniho uponu PZV byla dana soufadnicemi
dle studie Forsythe a kol. (6), a to ve 43% vzdalenosti
od zadniho okraje medialni plochy lateralniho kondylu
femuru. Tato pozice byla kontrolovana kalibrovanym ar-
troskopickym hackem z AL portu a kamerou zavedenou
do AM portu. (obr. 1). Tibidlni kostni tunel byl lokalizo-
van do ptivodniho footprintu PZV.

Pro dvojsvazkovou nahradu byl navrtan kostni frézou
o pruméru 8 mm kostni kanal (také z anteromedialniho
portu) pro AM svazek PZV ihned za lateralni bifurkac-
ni hranu medialni plochy lateralniho kondylu femuru
(6, 31). Tibialni kostni tunel velikosti 8§ mm byl umistén
pro AM svazek 14 mm v priméru ventralné od Gponu
77V lehce medialné v tihlu 55° ke kloubni ploSe tibie.
Femoralni upon PL svazku byl cilen mezi lateralni bifur-
kac¢ni hranu a lateralni interkondylickou hranu dle anato-
mickych parametri ipond jednotlivych svazkti PZV na
femur (6, 31). Kostni tunel pro PL svazek byl vrtan ve
velikosti 6 mm. Tibialni kostni kanal PL svazku byl vr-
tan v pruméru 7 mm od ZZV lehce lateralné a v uhlu 45°
ke kloubni ploge tibie. Stépy byly fixovany v kostnich
kandlech za pomoci interferen¢nich Sroubil.

Dale byl zaveden bikortikalni Sroub pro pasivni sondu
navigacniho systému perkutanné 10 cm nad horni okraj
pately do stehenni kosti a druhy Sroub 15 cm pod distalni
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Obr.1. Artroskopicky pohled na kalibrovany hacek zavedeny
AL portem. Tento nastroj dovoluje presne urcit anatomickou
pozici femordlniho uponu Stépu predniho zkiiZeného vazu.

pol pately do holenni kosti. Byly pfipevnény pasivni mar-
kery pro navigacni systém OrthoPilot (Aesculap, Tuttlin-
gen, Germany), ktery ndm dovoluje pfesné urcit pozici
kostnich kanali béhem rekonstrukce PZV a nebo zméfit
stabilitu kolenniho kloubu v APT ¢i rotacich. Pocitatovy
systém snima za pomoci kamery registrujici infracervené
zafeni odrazené z pasivnich sond relativni pozici téchto
markerd a vypocitava tak s odchylkou 1 mm ¢i 1 stupné
pohyb femuru vici tibii v kolennim kloubu.

Po sbéru dat pro navigaci, které jsou definovany pres-
nou pozici tuberositas tibiae, predni kortikalis tibie, me-
didlni a lateralni konec tibidlniho plata a také pasivnim
pohybem v kolennim kloubu z plné extenze do 90° fle-
xe, byly zavedeny $tépy do femoralniho kostniho kandlu
a zde fixovany interferen¢nimi Srouby.

Pro vytvoteni APT stale stejnou silou 133 N byl vyu-
zit artrometr KT-1000 (Med Metronic, San Diego, Cali-
fornia) ve sterilnim obale pfipevnény na koncetinu ste-
rilnimi pasy. VSechna vysetieni kolenniho kloubu byla
provedena ve 30° flexi, ktera byla kontrolovana na obra-
zovce navigacniho systému.

Pro vytvoreni rotace v kolennim kloubu konstantni
silou byla pfipevnéna na nohu pacienta kovova bota za
pomoci plastovych sterilnich péskid. Tato konstrukce
umoziovala vytvoreni 100° dorzélni flexe v hlezennim
kloubu vii¢i podélné ose tibie, a tim byla eliminovana
nechténa rotace v hlezennim kloubu (obr. 2). Koncova
¢ast rolimetru (Aesculap, Tuttlingen, Germany) byla pii-
pevnéna do zdifek na platné kovové boty v prodlouzeni
podélné osy tibie a rota¢ni pohyb v kolennim kloubu byl
proveden silou 2,5 Nm.

V dal§im kroku byla studovana stabilita kolenniho klou-
bu. Nejprve byla provedena APT pro PZV-deficitni kloub
a vychylka zobrazena naviga¢nim systémem byla zazna-
menana do tabulky. Toto bylo provedeno tfikrat atestova-
nym ortopedem. Poté byla provedena vnitini rotace (IR)
a vngjsi rotace (ER) v kolennim kloubu za pomoci roli-
metru. Priméré hodnoty byly zaznamenany do tabulek.

Nasledné byl tonizovan AM svazek v tibii silou 85 N
ve 45° flexi v kolennim kloubu. PL svazek byl upevnén
v 10° flexi za vyuziti stejné sily. Pii jednosvazkové na-
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Obr.2. Kovova bota pripevnend na nohu pacienta slouzict
k provedeni rotacnich pohybui v kolennim kloubu pri méreni
Jjeho stability.

hradé PZV byl §té€p tonizovan silou 85 N ve 30° flexi.
Po fixaci jednoho svazku pti dvojsvazkové nahradé byla
provedena stejnd méfeni jako u PZV-deficitniho kolen-
niho kloubu pro analyzu piedozadni translace a obou ro-
tacnich pohybt. Po dokonceni fixace obou svazktiu DB
nahrady ¢i jednoho svazku u CASB byla méteni prove-
dena naposledy.

Pooperaéni radiologicka kontrola

Pooperacné bylo provedeno 3D CT pro kontrolu
spravné pozice femoralniho uponu PZV. Pouze pozice
kostniho kanalu se sttedem ve 45% (+ 5 %) vzdalenosti
od zadni hrany mediani plochy lateralniho kondylu fe-
muru byla brana jako relevantni pro studii.

Statisticka analyza

Vsechna data byla statisticky vyhodnocena v progra-
mu STATISTICA 9.0 (StatSoft, Prague, Czech Repub-
lic), kde byl pouzit neparametricky parovy Wilcoxoniv
t-test pro srovnani stability kloubu v jednotlivych smé-
rech pro PZV-deficitni kolenni kloub, po rekonstrukci
CASB a DB. Metoda variaéni analyzy (jednofaktorova
ANOVA) byla vyuzita pro zjisténi diference stability
kloubu mezi jednotlivymi skupinami. Hladina vyznam-
nosti byla stanovena p < 0,05.

VYSLEDKY

Vnitini rotace

Dvojsvazkova rekonstrukce PZV ovliviluje vnitiné-ro-
tacni stabilitu (IR) v kolennim kloubu vice nez centralni
anatomicka jednosvazkova rekonstrukce na statistické
hladiné vyznamnosti p < 0,05 (p = 0,0019). Pii PZV-de-
ficitnim kolennim kloubu byla naméfena primérna vy-
chylka 18,8° (12-26, SO 2,9), po CASB rekonstrukci se
stabilita kloubu snizi na 13,7° (10-19, SO 2,6) a po DB
rekonstrukci PZV na 10,4° (7-15, SO 2,1) (tab. 1).

Zevni rotace
Statistické vyhodnoceni absolutnich hodnot pro
DB a CASB prokdzalo statisticky vyznamny rozdil
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v ovlivnéni ER (tab. 2). DB technika stabilizuje kolenni
kloub v ER vice nez CASB (p = 0,0018).

Predozadni translace

Piedozadni stabilita kolenniho kloubu je statisticky
vyznamn¢ vétsi po dvojsvazkové nahradé nez po CASB
(p =0,0001). Tabulka 3 prezentuje prumérné hodnoty se
statistickymi rozdily pro vyse uvedené hodnoty APT ve
30° flexi v kolennim kloubu.

DISKUSE

Hlavni myslenkou této prace bylo zjistit vliv jednotli-
vych technik nahrady PZV na ptfedozadni a rota¢ni sta-
bilitu kolenniho kloubu. Mezi ortopedy je obecné akcep-
tovana myslenka vétsi rotacni stability kolenniho kloubu
po dvojsvazkové rekonstrukci PZV nez po jednosvazko-
vé (30). Tato hypotéza je také potvrzena v experimental-
nich (4) i klinickych studiich (10, 30).

Vysledek studie vytvorené Songem a kol. poukazuje
na zvySeni celkové rotacni stability kolenniho kloubu
po DB rekonstrukei se statisticky vyznamnym rozdilem
(26). Tento vyzkum byl podobny naSemu pii zkouma-
ni vlivu DB a izometrické jednosvazkové (SB) nahradé
na rotacni stabilitu kolenniho kloubu. U PZV-intaktniho
kolena byla celkova rotaéni stabilita kloubu vyhodnoce-
na na 33,1°, po DB nahrad¢ pak 23,3°. Pfed SB rekon-
strukci byla rotacni instabilita kolena v priméru 35,1°,
po rekonstrukcei pouze 29,5°. VSechna méfeni byla pro-
vedena rukou operatéra a data popisuji celkovou rota-
ci v kolennim kloubu. Stejni autofi také popsali zménu
APT po DB rekonstrukei.

Ne mnoho biomechanickych studii se zaobira myslen-
kou stability kolenniho kloubu po centralni anatomické
jednosvazkové nahradé PZV. Ho a kol. prezentovali
studii, ve které zkoumali kinematiku 8 pard kolennich
kloubti u kadavert pii PZV-intaktnim kloubu, PZV-de-
ficitnim kloubu po pferuSeni PZV, po anatomické jed-
nosvazkové ndhradé PZV a po dvojsvazkové nahrad¢
PZV. Pro vytvoreni APT vyuzili silu 133 N, pro rotaci
10 Nm. Jako vysledek popsali fakt, Ze centralni anato-
micka jednosvazkova plastika pfedniho zktizeného vazu
a DB rekonstrukce restauruje fyziologickou kinematiku
v kolennim kloubu ve 30° flexi (9).

Podobny vyzkum provedli take Bedi a kol. (2). Tito
autofi vyuzili poc¢itacovou navigacni techniku ke stu-
dovani kinematiky kolenniho kloubu po ASB a DB na-
hradé u kadaver6znich preparati. Jako vysledek vsak
uvedli, Ze neni zadna statisticky vyznamna diference
pfi vyuziti obou typid ndhrad PZV, ale DB rekonstrukce
restauruje pivot shift manévr ve vétsi mite nez CASB
technika. Nevyhodou obou téchto studii je skutecnost,
Ze byly provedeny v in vitro podminkéach na kadave-
rech.

Proto byly zadany klinické vyzkumy. Araki a kol.
v jejich biomechanické studii porovnavali stabilitu ko-
lenniho kloubu v piedozadni translaci a pfi pivot shift
manévru po anatomické jednosvazkové (ASB) a ana-
tomické dvojsvazkové ndhradé PZV u 20 pacientt (1).
Pro méfeni deviaci vyuzili elektromagnetické zafizeni.
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Tab. 1. Hodnoty vnitini rotace IR () po jednosvazkové
centralni anatomické rekonstrukci PZV (CASB), po
dvojsvazkové nahradé PZV (DB) a pri PZV-deficitnim
kolennim kloubu

Typ nahrady PZV IR () p value
PZV-deficitni kloub 18,8 (12-26, SO 2.,9)
DB 104 (7-15, SO 2,1) 0,0019
CASB 13,7 (10-19, SO 2,6)

Tab. 2. Hodnoty vnéjsi rotace ER (°) po jednosvazkové
centralni anatomické rekonstrukci PZV (CASB), po
dvojsvazkové nahradé PZV (DB) a pri PZV-deficitnim
kolennim kloubu

Typ nahrady PZV ER () p value
PZV-deficitni kloub 17,9 (10-24, SO 3.4)
DB 10,8 (8-15, SO 2,8) 0,0018
CASB 14,5 (11-19, SO 2,5)

Tab. 3. Hodnoty predozadni translace APT (mm) po
Jednosvazkové centralni anatomické rekonstrukci PZV
(CASB), po dvojsvazkové nahradé PZV (DB) a pri PZV-
deficitnim kolennim kloubu

Typ nahrady PZV APT (mm) p value
PZV-deficitni kloub 18,5 (10-31,S0 3,8)

DB 6,1 (3-13,802,1) 0,0001
CASB 10,2 (7-17, SO 2,7)

Poté popsali absenci statisticky vyznamného rozdi-
lu v APT méteného KT artrometrem mezi ASB a DB
rekonstrukci. Pii porovnani jednotlivych typ nahrad
v korelaci s kontralateralni zdravou stranou byla nale-
zena rozdilnost mezi zdravym kolennim kloubem a ASB
rekonstrukei, zatimco stabilita kolenniho kloubu po DB
nahradé PZV byla stejna.

Zeman a kol. v r. 2014 provedli studii kinematiky ko-
lenniho kloubu po CASB a DB technice jeden rok od
operace (30). Pro zhodnoceni APT byl vyuzit pfistroj
Genourob, analyza rota¢ni stability byla provedena za
pomoci pivot shift testu. Jako vysledek byla uvedena
vetsi stabilita kolenniho kloubu po dvojsvazkové néhra-
dé PZV v porovnani s CASB technikou.

Za pozitivum nasi studie mize byt bran fakt, ze vy-
uziti kovové boty s rolimetrem a KT-1000 artrometru,
je dulezité pro zajisténi stale stejné sily deviace v ko-
lennim kloubu. Ve vétsin€ vyse zminovanych studii byla
deviace v kolennim kloubu tvotfena rukou operatéra. Ob-
jektivné miizeme fici, ze kazdy ¢lovek je na konci ope-
racniho zakroku psychicky i fyzicky unaveny a je proto
ptirozené, Ze sila pro zajiSténi deviace, at’ v rotacnim ¢i
AP rozméru, nemize byt konstantni.

ZAVER

Vsechna zjisténa data potvrzuji skute¢nost, ze CASB
technika rekonstrukce PZV nekontroluje rota¢ni pohyb
v kolennim kloubu ve stejné mife jako technika DB na
statistické hladiné vyznamnosti (hypotéza (a) byla vy-
vracena). Také APT stabilitu kolenniho kloubu ovliviiuje
DB technika vice nez CASB se statisticky vyznamnym
rozdilem (hypotéza (b) byla vyvracena).
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Rotaéni stabilita kolenniho kloubu
u sportoved po augmentaci pfedniho zktizencho vazu
z m.gracilis — biomechanicki studie 2 roky po operaci
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Abstrakt:

Uvod:
Cilem této prospektivni studie bylo zjistit objektivné rotacni stabilitu kolenniho kloubu po
augmentaci predniho zktizen¢ho vazu (PZV) kolenniho kloubu za pomoci §t€pu z m.gracilis 2

roky po operaci.

Metodika:

Do studie bylo zatazeno 20 mladych sportovné aktivnich pacientl po augmentaci PZV Stépem
z m.gracilis pfi poranéni posterolateralniho (PL) svazku. Tibidlni i femoralni kostni kanal byl
cilen do anatomického uponu PL svazku. Doba vysetfeni byla v priméru 28 mésici po
operaci (min. 24 mésici). VSechna méfeni byla realizovana za pomoci pocitacového systému
navigace a byla provadéna pro zdravé i operované koleno. Po urceni potfebnych dat pro
navigaci zustal pacient stdt v pozici sobéma nohama plantou pevné na podlozce
s intermaleolarni distanci 20cm. Poté provedl pacient 30st. flexi v kolennich kloubech a
provedl nejprve rotaci vnitini v kloubu torzi trupu, poté rotaci vnéjsi. Hodnocena byla i

subjektivni spokojenost s operovanym kolenem za pomoci ortopedickych dotazniki.
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Vysledky:

Vnitini rotace v kolennim kloubu byla u poranéného kolena v priiméru po operaci 7,7st, u
zdravého kolena 9,5st. Zevni rotace dosahovala hodnoty u operovaného kolena po operaci
8,3st. a 9,2st. u zdravého kolena. Subjektivni hodnoceni obou kolennich kloubli 2 roky po

operaci neprokazuje statisticky vyznamny rozdil.

Zaver:

Nameétené hodnoty poukazuji na fakt, Ze augmentace PZV za pomoci §tépu m.gracilis
poskytuje dobrou rotac¢ni stabilitu v porovndni s kontralaterdlnim zdravym kolennim
kloubem. Subjektivné vykazuje operovany kolenni kloub stejnou funkci jako kolenni kloub

neoperovany.

Klic¢ova slova:
Predni zktizeny vaz, Rota¢ni stabilita, Augmentace pifedniho zkiizeného vazu

(posterolateralni svazek)

Abstract:

Purpose:
The objective of this study was to evaluate knee rotational stability at least 2 years after

augmentation of the anterior cruciate ligament (ACL) with using of musculus gracilis graft.

Methods:

There were 20 patients after the tear of posterolateral (PL) bundle of the ACL reconstructed
by m.gracilis grafting. The mean follow-up was 28 months. For all measurements, the
navigation system OrthoPilot was used, the operated and the healthy knee joins were
nalasyed. Measurement started with the patient in the standing position in neutral rotation.

Then, the patient achieved in 30° knee flexion under weight-bearing maximal external trunk
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rotation and returned to the neutral position. The same measurement was done for the internal
trunk rotation. All measurements were repeated 3 times for each knee joint. The orthopaedics

scoring systems were analysed too.

Results:
After the augmentation of the ACL, IR was 7,7°and ER was 8,3°. In the contralateral healthy
knee joint, IR was 9,5° and ER was 9,2°. The analyse of the orthopaedic scores were in the

same extend for both knee joints.

Conclusions:
The augmentation of the PL bundle of the ACL restores the rotational stability of the knee
joint without any significant difference in comparison to the contralateral healthy knee

(p>0.05). The function of the knee joint is similar with the contralateral healthy knee too.

Key words:
ACL, Two Years Rotational Stability, Augmentation of the ACL (posterolateral bundle)

Uvod

Zatimco histologickd a anatomicka struktura ptedniho ziizené¢ho vazu (PZV) je znama do
detailti, kinematika zdravého a poranéného kolenniho kloubu po rekonstrukei piedniho
zktizeného vazu je stale tématem ortopedl a sportovnich traumatologt (1,2,3). Existuje fada
studii popisujicich stabilitu kloubu po nahradé¢ PZV riznymi technikami (4,5,6,7). Jedna se
vSak vétSinou o studie analyzujici stabilitu kolenniho kloubu v pribéhu operace ¢i pfi
rekonstrukci PZV kadaver6znich preparatt. Studie analyzujici rotacni stabilitu kolenniho
kloubu s casovym odstupem od operace jsou vSak technicky naro¢né pro objektivizovani
rotaéni vychylky v kolennim kloubu.

Zékladnim pohybem kolena je flexe-extenze. V extenzi, kterd je zakladnim postavenim
kolenniho kloubu, jsou napnuty postranni vazy a vazy v dorsalni Casti kloubu. Femur,

menisky a tibie navzdjem nal€haji (,,uzamknuté koleno*). Pii flexi dochazi nejprve k tzv.
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pocatecni rotaci, kdy tibie rotuje vnitin¢ a je spojena s flexi do 5 stupiiti (8). Pfi této vnitini
rotaci tibie se vné&j$i kondyl posouva vpied a medidlné, vnitini kondyl vzad a lateralné.
Medialni kondyl femuru se tak dostava do kontaktu s pfednim rohem medialniho menisku a
lateralni kondyl femuru se zadnim rohem lateradlniho kondylu femuru (9). Touto rotaci se
uvolni PZV - ,odemknuti kolena“. Poté nasleduje pohyb wvalivy, ktery probiha
v meniskofemoralnich spojich po pocatecni rotaci; femur se vali po plochach tvotenych tibii
a menisky. Ke konci ohybu v kolennim kloubu dochazi k tzv. posuvnému pohybu, kdy
menisky méni tvar a posunuji se s tibii dorzalné (10). Pi1 doskocich, chlizi a jinych silovych
momentech puasobicich na kolenni kloub je dulezitd funkce okolnich svalli (medialni a
lateralni hamstringy, musculus quadriceps femoris, musculus gastrocnemius) pro stabilizaci
kloubu a jeho zapojeni do kinematického fetézce celé dolni konletiny (pfidruzend rotace

v ky€elnim, ev. hlezennim kloubu) (11,12).

Pro aktivné sportujici pacienty je stabilita kolena jednim ze zdkladnich ¢lanka pro zachovani
adekvatni vykonnosti (13). Pii poranéni PZV vsak dochazi k oslabeni stability rotacni, a to 1
po Castecném poranéni tohoto statického stabilizatoru kolenniho kloubu (14). K parciélni
ruptufe PZV dochéazi v 7-27% izolovanych poranéni PZV (13,15), z toho u 50% piipada
dochazi pozdéji k nasledné totalni ruptute (16,17). Pokud aktivni sportovec pocituje tento
dyskomfort a konzervativni terapie selhdva, je mozné provést tzv. augmentaci zachovalého
svazku PZV (anteromedialni porce-AM, posterolateralni porce PL).

Cilem této prospektivni studie bylo objektivizovat rotacni stabilitu kolenniho kloubu po
augmentaci AM svazku ndhradou PL svazku za pomoci §tépu z musculus gracilis dva roky po
operaci a porovnat funkci poranéného kolena se zdravym kontralaterdlnim kolennim kloubem

pacienta.

Material a Metodika

Do této prospektivni studie bylo zatazeno 20 aktivné sportujicich mladych pacienti se
symptomatickou rupturou PL svazku PZV zjisténou na MRI ihned po traze (12 muzi/8 Zen
ve véku 17-38 let, 9 pravych/11 levych kolen). VSichni tito pacienti podepsali informovany
souhlas se zafazenim do studie. Po dobu 3 tydni od urazu byla koncetina odleh¢ovéna chiizi o
francouzskych holich, byla provedena imobilizace rigidni ortézou. Od pocinajiciho 4. tydne

byla zahajena aktivni rehabilitace se zaméfenim na posileni svaloviny DKK, obnoveni

76



rozsahu pohybu v kloubu a propriocepce. Operace byla provedena minimalné 3 mésice po
uraze po zklidnéni kolenniho kloubu poSkozeného primarnim Grazem. VéEtSina pacientit vSak
byla operovana po 5 mésicich od urazu pfi pocitech nestability v kloubu po normalizaci
sportovnich aktivit. Vstupni kritérium pro zafazeni pacienti do studie bylo velice striktni, a to
pouze izolované poranéni posterolateralni porce PZV. VSichni pacienti s poranénim ostatnich
struktur operovaného nebo kontralaterdlniho kolenniho kloubu v minulosti byli ze studie
vylouceni. Definitivni zatazeni vSak bylo ucinéno az dle peroperacniho artroskopického

nalezu.

Operacni technika

Po uvedeni pacienta do celkové anestezie byla provedena artroskopie kolenniho kloubu ze
standartnich portii a bylo tak potvrzeno podezieni na poranéni PL porce PZV na MRI (obr.1).
Poté byl odebran slachovy §tép z m.gracilis. Kozni incize byla vedena v délce v priméru 3-5
cm na anteromedialni ¢asti proximalni tibie t&sné nad hornim okrajem pes anserinus. Slacha
m.graciliis byla identifikovana a nasledn¢ byla odt"ata od jejiho uponu na tibii. Striperem byla
Slacha izolovéana od svalového biiska, dale byla zbavena svaloviny, tfikrat ptelozena a tim byl
ziskan $té€p o délce 8 cm a priméru 6 mm. Oba konce Stépu byly obsity v délce 3 cm pro
femoralni konec a 2,5 cm pro tibialni konec za pomoci dlouho-vstiebatelného Siciho material

(obr.2).

Nasledné byl proveden debridement kloubu a zacileni femoralniho tponu PL svazku mezi
lateralni bifurkacni hranu a laterdlni interkondylickou hranu dle anatomickych parametrii
uponu jednotlivych svazkii PZV na femur. Kostni tunel pro PL svazek byl vrtan o priméru 7
mm. Tibidlni kostni kandl PL svazku téz o priméru byl pak vrtan ve vzdalenosti 7 mm od
zadniho zk¥{Zzeného vazu ventralné a lehce lateralng v thlu 45° ke kloubni plose tibie. Stép z
m.gracilis byl zaveden do femoralniho kostniho kandlu a zde fixovéan interferen¢nim
vstiebatelnym Sroubem. Nasledné byl tonizovan PL svazek v tibii za pomoci tonometru silou
85 N v 10°-15° flexi v kolennim kloubu a fixovan v kosti holenni také interferenénim
Sroubem (obr.3) (18). Do kolenniho kloubu byl zaveden Redontv drén, porty a odbérové

misto byly zaSity po vrstvach a rany byly ovazany elastickym obinadlem.
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V casném pooperacnim obdobi nebyla zjiSténa zadnd vaznéjsi komplikace. VSichni pacienti
byli propusténi do domaciho 1éceni v priiméru 4,7 dny po operaci (rozpéti; 3-7 dni) a poté

prodélali standardni rehabilita¢ni rezim jako po nahrad¢ PZV.

Meérici systém

Vsichni sledovani pacienti vyplnili dotazniky pro subjektivni hodnoceni spokojenosti
s nahradou PZV a funkci kloubu v priméru ve 28. mésici od operacniho vykonu, tj. pfi
vySetieni stability kolenniho kloubu. Soucasti kazdého dotazniku bylo skore Cincinnati (19),
Lysholm (20,21,22) a IKDC (23) hodnotici funkci kolenniho kloubu po ligament6znim

poranéni s naslednou bolestivosti, otoky, podklesavanim kloubu a nestabilitou kloubu.

Pro zhodnoceni vychylky v kolennim kloubu byl vyuzit pocitaCovy navigacni systém
OrthoPilot (Aesculap, Tuttlingen, Germany) (obr.4). VSechna méfeni se provadéla na
operované a na zdravé, v minulosti neporanéné, dolni koncetin¢ pacienta. Pasivni sondy
navigacniho systému byly pfipevnény cca do poloviny délky bérce, resp. stehna, za pomoci
paski (obr.5). Pacient zaujal vzpiimenou pozici ve stoje s nohami vzdalenymi 20 cm od sebe
v neutralni rotaci v kolennich kloubech. Obé koncetiny byly fixovany k podlozce a pacient
byl vyzvan k provedeni 20°-30° ohnuti v koleni, coz bylo kontrolovano na obrazovce
pocitacového systému (obr.6). Nasledné pacient provedl aktivné maximalni vnéj$i rotaci ve
studovaném kloubu bez o¢niho kontaktu s obrazovkou navigace k objektivit¢ méfeni. Pak byl
pacient navracen do vychozi neutralni pozice a nésledné provedl maximalni vnitini rotaci.

Po celou dobu vySetieni byl pacient instruovan tak, aby nedochazelo k posunu nohy po
podlozce, ¢imz byl eliminovan efekt mozné rotace v hlezennim kloubu (obr.7,8). Rotace
v kolennim a kycelnim kloubu byla provedena do maxima bez posunu nohy od podlozky.
Umisténi sond kolem kolenniho kloubu také eliminovalo rota¢ni pohyb v ky¢elnim kloubu na

minimum. VSechna méteni byla pro operovany i zdravy kloub provedena ttikrat.

Statisticka analyza:

Data byla statisticky hodnocena v programu STATISTICA 9.0 (StatSoft, Prague, Czech
Republic). Pro porovnani stability kolenniho kloubu mezi operovanym a neoperovanym
kolennim kloubem byl vyuzit neparametricky t-test. Stejny statisticky test byl pak pouzit pro

vyhodnoceni absolutnich hodnot jednotlivych skoérovacich systémi (Cincinnati, Lysholm,
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IKDC) ve 24 mésicich po operaci. Statisticka hladina vyznamnosti byla stanovena na p< 0,05.

Vysledky

A) Stabilita kolenniho kloubu dva roky po nahradé PL svazku PZV

Po izolované nahrad¢ posterolaterdlni porce pfedniho zkiiZzené¢ho vazu byla primérné deviace
pii vnitini rotaci operovaného kolenniho kloubu (IR) 7,7° a pii vné&jsi rotaci (ER) 8,3°.
Kontralateralni zdravy kolenni kloub vykazoval primérnou vychylku vnitini rotace 9,5°

a vnéjsi rotace 9,2° (tab.1). V porovnani obou skupin nebyl nalezen statisticky vyznamny

rozdil mezi obéma klouby pro IR i ER (p = 0,283 pro IR, resp. p = 0,348 pro ER).

B) Subjektivni hodnoceni vysledku operace pacientem

Cincinnati skore

Tento dotaznik vypovidd o funkénim stavu kolenniho kloubu pacienta v odpovédich na osm
otazek. Minimalni hodnota skore pfi maximalnich obtizich je 6, maximalni hodnota pii zcela
bezproblémovém pooperacnim stavu je 100 bodi. Z absolutnich hodnot v obdobi sledovani
po celych 24 mésici od operace je ziejmé, ze u obou sledovanych typt kolennich kloubil je

funkce kloubu shodna (tab.2).

Lysholm a IKDC skoére

Lysholm a IKDC skoérovaci systémy zohlediiuji subjektivni hodnoceni funkce operovaného
kolenniho kloubu pacientem. Lysholm skore je sestaveno z 8 dotazli, IKDC z 10 dotazi.
V porovnani se Cincinnati skérovacim systémem je IKDC doplnén o urcity Casovy interval
k vyplnéni dotazniku, konkrétné¢ 4 tydny do minulosti. Vyrazné rozdily vSak otazky
nevykazuji. Minimalni hodnota pro Lysholmovo skére je 0 bodd, maximalni spokojenost
pacienta je hodnocena 100 body. IKDC dotaznik je pak skore transformované. Minimalni
pocet bodi 18 charakterizuje nejnizs§i uroven funkce kloubu ¢i nejvyssi miru klinickych
symptomu. 87 bodi je pak odvozeno od maximalni funkce kloubu ¢i od miniméalnich potizi

pacienta. Celkové skore se ziska vypoctem ze vzorce:
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Vysledné hodnoty pro IKDC (tab.3) i Lysholmovo (tab.4) skore maji stejny charakter zmén
jako hodnoty dotazniku Cincinnati. V dob¢ 24 mésict od operace vykazuje funkce kolenniho
kloubu po plastice PL svazku PZV stejny funkéni charakter, jako koleno druhostranné,

zdravé.

Diskuze

Stabilita kolenniho kloubu je zaloZzena na anatomickém uspotfadani a inzerci jednotlivych
porci PZV - anteromedidlni a posterolateralni. Nazvy jednotlivych svazkl jsou odvozeny od
jejich tpont na tibii. Stfed tibialniho uponu PZV lezi v priméru 7 mm pted piedni Casti
zadniho zktizené¢ho vazu. Jeho lateralni okraj se nachdzi na spojnici piimky vedené z uponu
predniho rohu laterdlniho menisku smérem do interkondylického prostoru, jeho mediélni
okraj na hrané medialni interkondylické eminence tibie (24). Upon jednotlivych svazki PZV
je v této lokalité velmi variabilni - od podélné orientace, ptes Sikmou az po pti¢nou (25). Pro
presné umisténi AM a PL svazku nam muze poslouzit tzv. ,,over-the-back ridge* (26). Jedna
se o kostni hranu na tibii, kterou lze také artroskopicky detekovat. Zadni ¢ast tibidlniho uponu
PL svazku lezi 6,2 mm pied touto kostni hranou; dorzalni partic AM porce je pak

lokalizovéna 18 mm ventraln€ od této kostni prominence (26).

Femoralni Gpon anteromedialni porce PZV se upind pii 90° ohnuti v kolennim kloubu vice
dorsaln¢ na medidlni strané laterdlniho kondylu femuru za tzv. ,laterdlni bifurkacni hranou*
(lateral bifurcate ridge) a pod tzv. ,lateralni interkondylarni hranu“ (lateral intercondylar
ridge*), které mizeme pii artroskopii identifikovat (27,28). Femoralni Gipon posterolateralni
porce je umistén pied ,,lateralni bifurkacni hranu* a pod ,,laterdlni interkondylarni hranu“. V

plné extenzi jsou oba svazky pii artroskopickém pohledu zeptedu orientovany vertikdlné a
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jsou umistény vedle sebe. Se zvysujici se flexi v kolennim kloubu se oba posouvaji do pozice

horizontalni a AM svazek zeptedu kiizi svazek PL (29,30).

Vliv jednotlivych svazkti PZV na stabilitu kolenniho kloubu pfi pohybu z plné extenze do
maximalni flexe s vySe uvedenym také souvisi. Zatimco v natazeni kloubu je AM svazek
relaxovan a pii pohybu z 0° do 30° flexe se zkracuje, PL svazek je v tomto rozsahu plné
tonizovan a je zodpovédny za stabilitu kloubu. Od 30° flexe se role obou svazki méni, tzn., ze

AM svazek se od 30° flexe napind, zatimco PL svazek se uvoliuje (31,32).

Z vyse uveden¢ho, a dle dostupnych biomechanickych studii, je zfejmé, Ze pacienti
s izolovanou rupturou PL porce PZV maji pocit nejistoty a nestability kolena pii aktivité
vyzadujici rotaci v kloubu pii ohnuti pouze do 0-20st. (u pacientli s poranénim AM porce je
dominantni spiSe predozadni nestabilita pii flexi 70-90st.) (14,15,33,34). Proto poranéni PL
svazku omezuje sportovni aktivitu pfedevSim pfi rotacich, a to pfi rotacich vnitifnich. Vné&jsi
rotace v kolennim kloubu neni pro hodnoceni funkce PZV az tolik vyznamna. Tento fakt
potvrdili 1 autofi tuzemské prace Zeman a kol. v roce 2013, ktefi sledovali stabilitu kolenniho
kloubu po parcidlnim poranéni jednotlivych porci PZV vzhledem k rota¢ni a predozadni
stabilit¢ kloubu (35). Pro vySetfeni kolenniho kloubu u sportovct je pak dalezité¢ odliSeni
téchto potizi a zvoleni spravné techniky oSetfeni. Magnetickd rezonance je velmi piinosné
vySetieni, ale je tieba zkuSeného radiologa k vylouceni falesné negativniho nebo pozitivniho
hodnoceni (14). Poranéni PL porce je pot¢é mnohem castéjSi nez poranéni AM svazku PZV
(dle Fu a kol. 62% poranéni PL porce, 38% AM porce) (36).

Dale je nutno podotknout, Ze vySetieni rotacni stability kolenniho kloubu je technicky naro¢né
a objektivizovani ptipadné nestability prakticky nemozné. Klinické vySetfeni tzv. ,,pivot shift*
testem, kdy pti 90° flexi v kycelnim i kolennim kloubu se provadi vnitini rotace v tibii a
zaroven se vytvari valgozni nasili na tibii pii pfevodu kolenniho kloubu z flexe do extenze, a
kdy dojde pfi insuficienci PZV ve flexi 40° k nahlému posunu tibie smérem dorzalnim (coz se
projevi typickym zvukovym fenoménem, kdy je posun tibie zapfiCinén tahem tractus
illiotibialis smérem dorzélnim, tj. zménou jeho extenzorové funkce na funkci flexorovou), je

ovlivnéno subjektivni chybou vySettujiciho.

Hoshino a kol. vyuzili k objektivnimu sledovani rotacni stability kolena dynamické rtg
paprsky, které tvorily radiograficky obraz kolenniho kloubu béhem pomalého béhu pacienta
na naklonéné roviné (37). Vyuziti rtg paprskii v dynamickém pojeti je jedna z moZznosti, jak

objektivné demonstrovat rotacni instabilitu kloubu. Tato metoda méfeni je vSak stale ve
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vyvoji. Jinou moznosti je pak vyuziti poc¢itacové navigace. Ho a kolektiv prezentovali studii
provedenou na kadaver6znich preparatech, kdy sledovali rotaéni stabilitu kolena pii PZV-
intaktnim kloubu, PZV-deficitnim kolennim kloubu, po jedno a po dvousvazkové nahradé
PZV (38). Pocitacova technika vedla i ke snaze o posouzeni stability kloubu pfi porovnani
rotacni stability kolenniho kloubu po riznych typech nahrady PZV. Tsarouhas a kol.
porovnavali rotacni stabilitu kolenniho kloubu u dvou skupin pacientii: 10 pacienti po

double-bundle a 12 pacientl po single-bundle nahrad¢ PZV (39).

V navaznosti na tato méfeni byla provedena cela fada studii zabyvajici se klinickym nalezem
kolenniho kloubu pacientl po operaci ve vztahu napt. k vyuziti typu Stépu pro rekonstrukci
PZV (40) nebo vlivu jednotlivych typti ndhrad PZV na funkci kolenniho kloubu (41). Celkové
lze fici, Ze nami vyuzita skoére jsou stile metodou volby v celosvétovém sledovani
pooperacnich stavii kolenniho kloubu (42). V nasi studii tak byla zjisténa srovnatelna funkce
kolenniho kloubu operovaného s funkci druhostranného kolena pacienti a subjektivné

pozitivni hodnoceni vysledkl operace.

Vyhody ponechani jednoho svazku PZV a provedeni ndhrady pouze poranéné porce jsou
ziejmé. Ponechand intaktni porce vazu mechanicky podporuje ¢ast nahrazenou, slouzi jako
»leseni® pro revaskularizaci §t€pu a jsou takto ponechany urcité mechanoreceptory slouzici
k propriocepci a dosazeni lepSiho klinického vysledku (43). Ponechand ¢ast PZV usnadiuje
pfesné zacileni novych kanalli béhem operace (33). Pooperacni komplikace jsou minimalni
(44). V nasem souboru hodnocenych pacientli jsme pozorovali pouze opakované vypotky
jednoho pacienta pro chronickou synovitidu, ktera byla v§ak piitomna ji pfed vykonem. Casné

pooperacni komplikace nebo selhani stépu béhem sledovani pacientii nebyly zachyceny.

Slabou strankou této studie zlstava moznost posunu mékkych tkani se sondou vici kosti pii
méieni pohybu ve studovaném kolennim kloubu pacienta. Dle sd€leni nékterych autort je tato
skutecnost tézko ovlivnitelna (45). V nami zvolenych mistech (tj. v poloviné vzdalenosti
délky bérce a stehna) by mél byt tento pohyb nejmensi a stejny pro ob& vySetfované strany
(46). Dalsi slabinou studie je fakt pfidruzené rotace v kycelnim kloubu pfi fixaci distalni ¢asti
dolni koncetiny k podlozce. Této chyby lze ptedejit pouze pevnou fixaci stehenni kosti a tim
vylouceni nadmérného rotacniho pohybu v kycelnim kloubu, coz je prakticky nemozné.
Pocitacovy software vSak identifikuje vychylku pii pohybu pouze mezi obéma sondami

upevnénymi na koncetinu vySetiované¢ho a proto je zapojeni rotaéniho pohybu pii tomto
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vySetieni zanedbatelné.

Jako vyhodu lze uvést vyuziti presné pocitacové techniky ke stanoveni minimalni vychylky
pii pohybu tibie vii¢i femuru v zatézi koncetiny. Hodnoceni rota¢ni stability kolenniho kloubu
v dynamickém zatiZzeni s casovym odstupem od operace je technicky naro¢ny a Spatné

objektivizovany vykon, ktery v§ak metodika vyuzitd v této studii usnadiuje.

Nameétené hodnoty poukazuji na fakt, Ze augmentace PZV za pomoci §tépu m.gracilis
poskytuje dobrou rotacni stabilitu, v absolutnich c¢islech 1 stabilitu véEtsi, v porovnani
s kontralateralnim zdravym kolennim kloubem. Subjektivné vykazuje operovany kolenni
kloub stejnou funkci jako kolenni kloub neoperovany. Proto, pfi symptomatické parcidlni
ruptuie pfedniho zktizeného vazu u sportovné aktivnich jedincd, je mozné tento typ
operac¢niho vykonu navrhnout jako jednu z moznosti 1é¢by dopliujici snahu k névratu na

uroven sportovni vykonnosti blizici se pfedirazovému stavu.
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Tabulky:
IR ER
Zdravé koleno (%) 9,5(6°-13°,SD 1,7°) 9,2 (4°-13°,SD 1,9°)
Operované koleno (°) 7,7 (4°-14°,SD 1,9°) 8,3(5°-12°,SD 2,1°)
P value 0,283 0,348

Tab.1 - Absolutni hodnoty deviace vnitini rotace (IR) a vnéjsi rotace (ER) ve stupnich (%)

Cincinnati Zdravé koleno Operované koleno
24 mésicu 89,5 (54-100;SD 14,4) 87,6 (54-100;SD 15,3)
P value 0,296

Tab.2 - Absolutni hodnoty skore Cincinnati dotazniku vyplnéného pacienty ve 28. mésici po

operaci.
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IKDC

Zdravé koleno

Operované koleno

24 mésica

75,3 (56,3-87,0;SD 11,8)

72,8 (35,6-80,0;SD 12,6)

P value

0,405

Tab.3 - Absolutni hodnoty skére IKDC dotazniku vyplnéného pacienty ve 28. mésici po

operaci.

Lysholm

Zdravé koleno

Operované koleno

24 mésica

89,7 (54-100;SD 13,5)

90,8 (64-100;SD 12,2)

P value

0,408

Tab.4 - Absolutni hodnoty skore Lysholm dotazniku vyplnéného pacienty ve 28. mésici po

operaci.

Obrazky:

Obr. 1: Artroskopicky pohled na samotny anteromedialni svazek PZV.
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Obr. 2: Upraveny $tép pro nédhradu posterolateralniho svazku PZV z musculus gracilis.

Obr. 3: Artroskopicky pohled na nahrazenou posterolateralni porci PZV z musculus gracilis.
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Obr. 4: Navigacni systém OrthoPilot vyuzity pro analyzu rotacni stability kloubu.

Obr. 5: Umisténi pasivnich sond pro navigaci v oblasti kolenniho kloubu pacienta.
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Obr. 6: Provedeni 20-30st. flexe v kolennim kloubu.

Obr. 7: Provedeni vnéjsi rotace v kolennim kloubu. Tibie ziistava fixovana k podloZzce,
distalni femur rotuje navnitf a dochazi tak k mechanismu, pfi némz zlstava tibie rotovana

zevné vudi femuru.
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Obr. 8: Provedeni vnitini rotace v kolennim kloubu. Tibie zistava opét fixovana k podloZzce,
distalni femur rotuje zevné a dochézi tak k mechanismu, pii némz ziistava tibie rotovana

vnitiné vuci femuru.
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Purpose

The objective of this study was to evaluate knee rotational stability at least 2 years after
anatomic single-bundle anterior cruciate ligament (ACL) reconstruction (SB) and double-
bundle ACL reconstruction (DB) in comparison with the contralateral healthy knee joint. The

Cincinnati, Lysholm and IKDC scores were analysed too.

Methods

There were 40 patients in both group, the mean follow-up was 27 months. For all
measurements, the navigation system OrthoPilot was used. Measurement started with the
patient in the standing position in neutral rotation. Then, the patient achieved in 30° knee
flexion under weight-bearing maximal external trunk rotation and returned to the neutral
position. The same measurement was done for the internal trunk rotation. For the anterior-
posterior stability, KT-1000 arthrometer was used. All measurements were repeated 3 times

for each knee joint.
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Results

After the DB reconstruction, the mean external rotation of the tibia (ER) was 8.2°and the
internal rotation (IR) was 10.2°. In the contralateral healthy knee joint, ER was 8.5°(p=0.597)
and IR was 12.1° (p=0.064).

After the SB reconstruction, ER was 9.4°and IR was 13.1°. In the contralateral healthy knee
joint, ER was 7.7° (p=0.066) and IR was 9,8°(p=0.005).

Anterior-posterior translation were in the same extend for both groups.

Conclusions

The DB reconstruction of the ACL restores the rotational stability of the knee joint without
any significant difference in comparison to the contralateral healthy knee (p>0.05). The main
finding of this study is that the internal rotational stability of the knee joint after the anatomic

SB technique is not sufficient.

Introduction

While there is a common understanting of the histological and anatomical structure of the
anterior cruciate ligament (ACL), the question of the biomechanical function of its parts
(anteromedial-AM and posterolateral-PL bundle) still represents a significant challenge for
orthopaedic surgeons and medical researches [1-7]. The main goal of the reconstruction of the
ACL is the restoration of the anterior-posterior and rotational stability of the tibia in relation
to the femur. The position of the femoral attachment of the ACL is more important for the
kinematics after the ACL reconstruction. The position of the femoral foot print is well known
[8-11]. They are several osseous landmarks, which define its anatomic position [12-14]. The
biomechanics studies describe the kinematics of the knee joint after various types of the ACL
reconstruction [15-18]. One of trends is the anatomic single-bundle (ASB) reconstruction. A
cadaveric study describes that ASB reconstruction restores the rotational stability of the knee
in the same extent as the double-bundle (DB) technique [15]. Other investigation describe that
the DB reconstruction restores the rotational stability more than SB technique [19]. But, there

is the abscence of studies discussing the kinematics of the knee joint several years after the
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reconstruction or the rotational and anterior-posterior stability in weight-bearing condition in

comparison with the contralateral healthy knee joint.

The objective of this study was to evaluate knee rotational and anterior-posterior stability at
least 2 years after the ASB ACL reconstruction and the DB ACL reconstruction in
comparison with the contralateral healthy knee joint. The Cincinnati, Lysholm and IKDC

scores were analysed during 24 months after the operation.

Materials and Methods

Between July 2011 and September 2012, 40 patients (40 knee joints) underwent the ACL
reconstruction (23 men/17 women; 22 right/18 left knees) made by one senior surgeon (RH).
The average age of the patients was 27.5 years (range; 17 — 42 years) (Tab. 1,2). All of them
signed an informed consent on being included in prospective research. 20 patients had their
ACL replaced by ASB technique using hamstring tendons, 20 patients had the DB
reconstruction. The selection of patients for individual methods of the ACL replacement was
done randomly using the permuted block randomization by Random Number Generator
Software 7.0. Demographic statistic parametres of both groups were similar.

The inclusion criteria were very strict. Only isolated complete ACL lesions were included. All
other patients with associated injuries of other structures as ligaments or meniscal lesions
were excluded. The partially torn ACLs confirmed by arthroscopy were excluded, too. After
the operation, the patients completed the Cincinnati, Lysholm and IKDC orthopaedics scores

in 3" 6™, 12" and 24" months.

Operative technique

After introduction of the patient into the general anaesthesia, the femur was fixed using a
standard tight metal holder. The diagnostic arthroscopy from the anteromedial (AM) and
anterolateral (AL) portals was performed to confirm the isolated total rupture of the ACL as
diagnosed before with MRI. For the patients where the relevant diagnosis was confirmed, the
grafts were harvested. The skin incision of Scm in length was performed on the anteromedial

aspect of the proximal tibia over the pes anserinus. The hamstring tendons were identified,
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separated and the semitendinosus tendon was harvested by a striper. A graft for the ASB
replacement was folded three times to make it 8 cm long and 8 mm wide. Grafts for double-
bundle replacement were prepared from the semitendinosus tendon for the AM bundle and
from the gracilis tendon for the PL bundle. In these cases, the graft was adjusted to match the
size of 8 cm length and 8 mm width for the AM bundle and 8 cm length and 6 mm width for
the PL bundle. Both grafts were folded three times. Edges of the each bundle graft were
whipstitched at 2.5 cm distance on the femoral and tibial ends using a long-term absorbable

material.

During the CASB reconstruction, the 8mm femoral tunnel was drilled into the medial surface
of the lateral condyle of the femur. The central anatomic position of the femoral attachment of
the graft was determined by a calibrated arthroscopic hook. At 90° of knee flexion, the
horizontal distance of the medial bone surface of the lateral condyle of the femur was
measured. The tunnel was determined at lower 1/3 portion of the lateral intercondylar notch
wall. The precise position of the femoral attachment was determined on the basis of the
coordinate established by the Forsythe et al. [9] in the 43% of the distance from the most
posterior part of the medial surface of the lateral condyle of the femur. This position was
controlled by the arthroscopic camera situated in the AM portal. The tibial tunnel was drilled
to the centre of the original footprint of the ACL. After the surgery, the position of the
femoral tunnel was controlled by a CT scan and incorrectly placed cases were excluded from

the study.

For the DB replacement, the 8 mm femoral bone tunnel for the AM bundle was located
behind the lateral bifurcate ridge on the medial side of lateral femoral condyle. The 8§ mm
tibial bone tunnel for the AM bundle was located 14 mm in front of the PCL attachment
slightly medially, as it was drilled in 55° angle from anteromedial side of the proximal tibia.
The femoral attachment of the PL bundle was drilled between the lateral bifurcate ridge and
the lateral intercondyle ridge. This tunnel was 6 mm wide. The tibial bone tunnel for the PL
bundle was located 7 mm in front of PCL attachment slightly laterally, and drilled at 45° from
medial side of the proximal tibia. All grafts in both groups were tonised using the tonometer
set to 85 N and fixed with interference screws. No complications were found after the

operation.
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Experimental system

The optical computer navigation system OrthoPilot (Aesculap, Tuttlingen, Germany) was
used to evaluate stability at the follow-up control. All measurements were taken on both the
reconstructed and healthy knee. Tripods composed of 3 passives markers were fixed to the
thigh and leg with stripes (Fig.1). Measurement started with the patient in the standing
position with both feet separated by 20 cm in neutral rotation (Fig. 2a). Then, the patient was
asked to achieve 30° knee flexion (the investigator controled the accuracy of the flexion on
the screen of the computer). Afterwards, she/he performed under weight-bearing a maximal
external trunk rotation (with the concomittant internal rotation of the tibia in the knee joint)
and then returned to the neutral position (Fig. 2b). The same measurement was done for the
internal trunk rotation (external rotation in the knee) (Fig. 2c¢). All measurements were
repeated 3 times for each knee joint (operated and healthy). The deviation of the rotational
movement was detected on the screen of the navigation. The anterior-posterior translation was
analysed in the semi-sitting position with the arthrometer KT-1000 (Med Metronic, San
Diego, California) in the 30° flexed knee joint.

Statistical analysis

All data were statistically treated by STATISTICA 9.0 software. The description of the
deviation of movement in degrees included mean, standard deviation and range for continuous
variables. For determination of the statistically significant differences between the mean

values, the non-parametric Wilcoxon test was used. The P value < 0.05 was considered

statistically significant.

Source of funding

There were no financial resources used for this research.
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Results

Stability of the knee joint

The mean follow-up was 27 months (range; 24 to 33 months). All patients finished the

rehabilitataion program during the first year after the reconstruction of the ACL.

After the double-bundle (DB) reconstruction of the ACL, the mean external rotation of the
tibia (ER) was 8.2° (range; 5-11.6, SD=1.7) and the internal rotation (IR) was 10.2° (range;
5.3-15.3, SD=2.4). In the contralateral healthy knee joint, ER was 8.5 (range; 3.6-14.0,
SD=2.3) and IR was 12.1° (range; 7-19.6, SD=3.6). We did not find any statistically
significant difference for the rotational laxity (external and internal rotation of the tibia after
the DB reconstructions of the ACL in comparison to the contralateral healthy knee joints (p >

0,05). The absolute values of the repeated measurements are in the Tab. 1.

After the anatomic single-bundle (ASB) reconstruction, ER was 9.4° (range; 5-16, SD=3.1)
and IR was 13.1° (range; 7-22.6, SD=4.1). In the contralateral healthy knee joint, ER was 7.7°
(range; 4-11.3, SD=2.1) and IR was 9,8° (range; 6-16, SD=2.6). After the SB reconstruction,
we found statistically significant difference in internal rotational stability between
reconstructed and healthy knees (p < 0,05). External rotational stability was lower then in the

contralaterally healthy knee joints, but without the statistically significant diference (Tab.1).

After the DB reconstruction of the ACL, the average value of tibia AP movement related to
femur was 9,1 mm (min. 6 mm, max. 3 mm, SD 2,3), for the healthy knee was 7,7 mm (min.
6 mm, max. 12 mm, SD 0,9). There were no statistically relevant difference into the both
groups (Tab.2). For the ASB, the absolute data show no difference for the reconstructed and
health group too (p = 0,285), too (Tab.2).

Scoring systems

The scoring systems show the increasing of the absolutes values 2 years after the surgery
(Fig.3,4,5). There is no statistical differences between ASB and DB group for Cincinnati and
IKDC scoring system, but for the Lysholm scoring system 24 months after the surgery, we

confirmed the statistical differences between these groups (tab.3,4,5).
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Discussion

The rotational kinematics of the knee joint is still controversial after the reconstruction of the
ACL. There are several studies demonstrating the higher efficiency of the DB reconstruction
of the ACL in the restoration of the rotational movement, in comparison to the standard
single-bundle (SB) technique . This hypothesis has been confirmed in experimental conditions

and in vivo [15-18].

Ho et al. [15] have presented in vitro study where they describe the improvement in the
rotational stability of the knee joint while using a navigation system. The authors evaluated
the kinematics for 8 pairs of cadaveric knees in an ACL-intact condition, ACL-deficient
condition after the cutting of the ACL, after the ASB reconstruction and after the DB
reconstruction. The internal and external rotational stability was evaluated. They have
concluded that the ASB ACL reconstruction and the DB technique can restore normal
kinematics at the 30 degrees of the knee flexion. A very similar research was made by Bedi et
al. [16]. They used the computer navigation system for recording the kinematic changes after
the ASB and DB reconstruction of the ACL in the cadaveric knee. As the results, they
describe that the DB reconstruction of the ACL restores a pivot-shift maneuver in the more

extent than the ASB technique.

In vivo study, Hofbauer et al. prooved greater stability in the internal rotation of the knee joint
after the DB reconstruction relatively to results of the SB reconstruction of the ACL [17]. The
result of the study published by Song et al. shows the improvement of the combinatory
rotational movement after the DB reconstruction with statistical difference [18]. They
measured the biomechanics of the knee join after the SB and DB reconstructions of the ACL.
In the ACL intact knee, the combinatory rotational instability was 33.1°, after the DB
reconstruction 23.3°. Before the SB reconstruction, the rotational movement was 35.1°, after
the reconstruction 29.5°. But, these studies evaluate the kinematics of the knee joint

perioperativelly as we also demonstrated [21].
There are only a few studies which evaluate objectively the rotational kinematics of the knee

joint 2 and more years after the reconstruction of the ACL. Gobbi et al. [22] demonstrate in

their study no difference in the rotational laxity between the SB and DB reconstruction 3
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years after the operation. They examined 60 patients divided into two groups. In the first
group, they were 30 patients after SB reconstruction of the ACL; in the second group, 30
patients were after DB reconstruction. But they performed the rotational stability investigation
only by clinical examination by the pivot-shift test. They did not find any difference between
two techniques of the reconstruction.

Similar results are published by Hoshino et al. in 2012 [23]. They used a dynamic stereo x-
rays to performs radiographic images during the downhill treadmill running in comparison
with the contralateral knee joint. In the comparison with Gobbi’s study, they used the technic
device for determinate the difference in the axial rotation of the tibia after the SB and DB
reconstructions of the ACL. In conclusion, they desribed a statistically significant difference
between both techniques. They studied the rotational laxity (internal tibial stability) after the
reconstruction of the ACL by these two techniques in comparison to the contralaterally
healthy knee joint as in our research. But, in difference to our study, they conclude that
neither DB nor SB technique restores the rotational laxity of the knee joint as it ias in the
healthy knee. The absolute values were very similar to our research in the healthy knee, the IR

was 7,7° in average.

The using of the dynamic x-rays is one of possibilities how to demonstrate the rotational
instability. The other option is to use using of the navigation system to evaluate the
kinematics of the knee joint in weight-bearing condition in comparison with the contralateral
healthy knee joint. But, this technique is still in the beginning and the clinical further research
is demanded. The using of the navigation system to evaluate the laxity of the knee joint was
described by Chouteau et al. [20]. They used the navigation for control the laxity of the knee
joint after the partial reconstruction of the ACL in comparison to the contralaterally healthy
knee joint.

There is not relevant study engaged in the objective analysis of the anterior-posterior stability
of the knee joint after ASB and DB technique 2 years after the surgery. Hoshino et al. [23]
compared the anterior-posterior stability after the standard single-bundle and double-bundle 2
years after the surgery. They concluded that there is the statistical relevant difference with the
contralaterally health knee joint for both groups.

Kondo et al. made the similar study to our research [24]. They compared the APT after the
DB and ASB reconstruction of the ACL in the cadavers. They concluded the same AP
instability after the both techniques of the reconstruction. But, they did not compared the

stability of the knee joint with the contralaterally knee joint.
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The function of the knee joint is the subject very wide. They are several studies analysed the
function of the knee joint after various type of the reconstruction of the ACL [25]. But, we
can predict that according to our knowledge there is not similar research which compared the

function of the knee joint after ASB and DB reconstruction of the ACL.

The advantage of the presented study is the using of the precise device to evaluate the stability
of the knee joint after the ACL reconstruction in the weight-bearing condition and in
comparison to the contralateral healthy knee joint. The 2 years follow-up and the normal
quality of life of all patients are also the positives, because we can demonstrated the

kinematics of the knee joint in the standard conditions during the normal weight bearing.

The data shows that the DB reconstruction of the ACL restores the rotational stability of the
knee joint without any statistically significant difference in comparison to the contralateral
healthy knee (p > 0.05). The anterior-posterior stability of the knee joint is restored in the
same extend as the contralaterally knee joint for the DB and ASB reconstruction of the ACL.
The main finding of this study is that the internal rotational stability of the knee joint after the

anatomic ASB technique is not sufficient.

Compliance with Ethical Requirements:

This study was approved by Local Ethics Committee.

104



References:

1.) Mommersteegi TJA. The fibre bundle anatomy of human cruciate ligaments. J Anat. 1995;

187:461-71.

2.) Girgis FG. The cruciate ligaments of the knee joint-anatomical, functional and

experimental analysis. Clinical Orthopaedics. 1975; 106:216-31.

3.) Kaya A. Evaluation of the two bundles of the anterior cruciate ligament with 1.5 tesla

magnetic resonance imaging. Acta Orthop Traumatol Turc. 2010; 44(1):54-62.

4.) Lorenz S. Radiologic evaluation of the insertion sites of the 2 functional bundles of the

anterior cruciate ligament using 3-dimensional computed tomography. The American Journal

of Sports Medicine. 2009; 37(12):2368-76.

5.) Colombet P. Morphology of anterior cruciate ligament attachments for anatomic
reconstruction: a cadaveric dissection and radiographic study. Arthroscopy. 2006; 22(9):984—
92.

6.) Hart R. Hamstring versus quadriceps tendon graft in double-bundle anterior cruciate

ligament reconstruction. Acta chir ort et traum Cechoslovaca. 2010; 77:296-303.

7.) Petersen W. Anatomy of the anterior cruciate ligament with regard to its two bundles. Clin

Orthop Relat Res . 2010; 454:35-47.

8.) Steckel H.. Athroscopic evaluation of the ACL double bundle structure. Knee Surg Sports
Traumatol Arthrosc. 2009; 17(7):782-85.

9.) Forsythe B. The Location of Femoral and Tibial Tunnels in Anatomic Double-Bundle
Anterior Cruciate Ligament reconstruction Analyzed by Three-Dimensional Computed

Tomography Models. J Bone Joint Surg Am. 2010; 92:1418-26.

105



10.) Martins C.A.Q. The Concept of Anatomic Anterior Cruciate Ligament Reconstruction.
Oper Tech Sports Med. 2008; 16:104-15.
11.) Kopf S. A systematic review of the femoral origin and tibial insertion morphology of the

ACL. Knee Surg Sports Traumatol Arthrosc. 2009; 17:213—19.

12.) Zantop T. Tunnel positioning of anteromedial and posterolateral bundles in anatomic
anterior cruciate ligament reconstruction anatomic and radiographic findings. Am J Sports

Med. 2008; 36(1):65-72.

13.) Ferretti M. Osseous landmarks of the femoral attachment of the anterior cruciate

ligament: an anatomic study. Arthroscopy. 2007; 23(11):1218-25.

14.) Purnell ML. Anterior cruciate ligament insertions on the tibia and femur and their
relationships to critical bony landmarks using high-resolution volume-rendering computed
tomography. Am J Sports Med. 2008; 36(11):2083-90.

15.) Ho JY. Equal Kinematics Between Central Anatomic Single-Bundle and Double-Bundle
Anterior Cruciate Ligament Reconstructions. Arthroscopy. 2009; 25(5):464-72.

Zacatek formulare

16.) Bedi A. A Comparison of the Effect of Central Anatomical Single-Bundle Anterior
Cruciate Ligament Reconstruction and Double-Bundle Anterior Cruciate Ligament

Reconstruction on Pivot-Shift Kinematics. Am J Sports Med. 2010; 38(9):1788-94.
17.) Hofbauer M. Rotational and translational laxity after computer-navigated single- and
double-bundle anterior cruciate ligament reconstruction. Knee Surf Sports Traumatol.

Arthrosc. 2010; 18:1201-7.

18.) Song EK. Prospective comparative study of anterior ligament reconstruction using the

double-bundle and single bundle technique. Am J Sports Med. 2009; 37(1705):1705-11.

19.) Komzék M. AM bundle controls the anterior-posterior and rotational stability to a greater
extent than the PL bundle — A cadaver study. The Knee. 2013; Dec;20(6):551-5.

106



20.) Chouteau J. Knee rotational laxity and proprioceptive function 2 years after partial ACL
reconstruction. Knee Surg Sports Traumatol Arthrosc. 2012; 20(4):762-6.

21.) Komzak M. Does the posterolateral bundle influence rotational movement more than the
anteromedial bundle in anterior cruciate ligament reconstruction?: a clinical study. J Bone

Joint Surf Br. 2012; 94(10):1372-6.

22) Gobbi A. Single versus double-bundle ACL reconstruction: is there any difference in

stability and function at 3-year followup? Clin Orthop Relat Res. 2012; 470(3): 824-34.

23.) Hoshino Y. Can Joint Contact Dynamics Be Restored by Anterior Cruciate Ligament
Reconstruction? Clin Orthop Relat Res. 2013; 427:2924-31.

24.) Kondo, E. Biomechanical comparison of anatomic double-bundle, anatomic single-
bundle, and nonanatomic single-bundle anterior cruciate ligament reconstructions. American

Journal of Sports Medicine. 2011; 39(2):279-88.

25.) Filbay SR. Health-Related Quality of Life After Anterior Cruciate Ligament
Reconstruction. A Systematic Review. Am J Sports Med. 2014; 42(5):1247-55.

Tabs:

ER () IR ()

Reconstr. knee Healthy knee P Reconstr. knee Healthy knee

pB | 8,1(6-14;:501,9) | 8,5(5-15503.4) | 059 | [ DB | 10,1 (4-14;50 3,1) | 12,1 (6-21;502,8) | 0,06

ASB| 9,4 (5-16;502,1) | 7,7 (4-12;5023) | 006 | |AsB| 13,1 (8-22;803,1) | 9,8 (6-16;503,0) | 0,05

Table 1:
Values of IR (Internal Rotation) and ER (External Rotation in degrees) in 30° flexion of the

knee joint after double-bundle (DB) and anatomic single-bundle (ASB) reconstruction of the
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ACL. P value determines the statistical evaluation of the diference of the deviation in the

motion between health knee and operated knee joint for ER and IR.

reconstr.. knee...ACL reconstructed knee

Table 2:

APT (mm)
Reconstr. knee Healthy knee P
DB 9,1 (6-13;S0 2,3) 7,7 (6-12;S0 0,9) 0,304
ASB 9,3 (7-14;S0 2,9) 7,9 (6-13;S0 1,1) 0,285

Values of APT (anterior-posterior translation) in 30° flexion of the knee joint after double-

bundle (DB) and anatomic single-bundle (ASB) reconstruction of the ACL. P value

determines the statistical evaluation of the diference of the deviation in the motion between

health knee and operated knee joint for ER and IR.

reconstr. knee...ACL reconstructed knee

Cincinnati ASB DB P value
3 months 65,1 (40-81;S0 12,4) 73,4 (42-99;30 16,3)
6 months 64,5 (45-81;S0 12,1) 83,5 (54-100;S0 14,2)
12 months 84,2 (54-100;S0 12.9) 97,5 (75-100;S0 12,8)
24 months 88,5 (54-100;SO 14,2) 97,8 (74-100;SO 1,4) 0,088
Table 3:

Values of Cincinnati scores 3, 6, 12 and 24 months after the double-bundle (DB) and

anatomic single-bundle (ASB) reconstruction of the ACL. P value determines the statistical

difference between DB and ASB techniques 24 months after the operation.
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IKDC ASB DB P value
3 months 52,7 (28,7-75,8:S0 14.,9) 52,7 (18,0-78,1;S0 18,4)
6 months 54,1 (28,7-70,1;S0 17,4) 66,6 (44,8-80,0;SO 13,8)
12 months | 68,21 (29.8-78,1;50 16,3) | 79,6 (56,3-87,0;S0 14.5)
24 months | 72,8 (35,6-80,0;S0 13.2) 79,6 (59,7-87,0;S0 11,9) 0,491
Table 4:

Values of IKDC scores 3, 6, 12 and 24 months after the double-bundle (DB) and anatomic

single-bundle (ASB) reconstruction of the ACL. P value determines the statistical difference

between DB and ASB techniques 24 months after the operation.

Lysholm ASB DB P value

3 months 72.2 (42-99;S0 18,3) 78,6 (55-100;S0 13,8)

6 months 73,7 (55-100;S0 15,5) 83,5 (69-100;S0 11,4)

12 months 82,1 (54-100;S0 15.,9) 97,1 (90-100;S0 7.4)

24 months 89,3 (58-100;S0 13,3) 97,5 (90-100;SO 7.2) 0,047
Table 5:

Values of Lysholm scores 3, 6, 12 and 24 months after the double-bundle (DB) and anatomic

single-bundle (ASB) reconstruction of the ACL. P value determines the statistical difference

between DB and ASB techniques 24 months after the operation.
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Figures:

Fig. 1: The position of the passive markers fixed to the patient’s tibia and femur.

Fig. 2a: The patient in the standing position with both feet separated by 20 cm in the neutral

rotation.
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Fig. 2b: The patient in the standing position with both feet separated by 20 cm in the internal

rotation (IR).

Fig. 2c: The patient in the standing position with both feet separated by 20 cm in the external

rotation (ER).
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Fig. 3: Values of Cincinnati scores 3, 6, 12 and 24 months after the double-bundle (DB) and

anatomic single-bundle (ASB) reconstruction of the ACL.
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Fig. 4: Values of IKDC scores 3, 6, 12 and 24 months after the double-bundle (DB) and

anatomic single-bundle (ASB) reconstruction of the ACL.
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Fig. 5: Values of Lysholm scores 3, 6, 12 and 24 months after the double-bundle (DB) and

anatomic single-bundle (ASB) reconstruction of the ACL.
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ABSTRACT

PURPOSE OF THE STUDY

Growth factors produced by platelets enhance tissue healing. The aim of this study was to confirm or disprove the
hypothesis that, in anterior cruciate ligament (ACL) reconstruction, the application of platelet-rich plasma (PRP) into the
tibial and femoral tunnels and in the graft enhances graft maturation and graft-bone interface healing and thus improves
knee function at 3 and 12 months post-operatively in comparison with the control group.

MATERIAL AND METHODS

A total of 40 patient had the surgery; 20 underwent single-bundle hamstring reconstruction with PRP application (PRP
group) and 20 had the same surgery without PRP addition (control group). A 5 ml amount of PRP was obtained from the
patient’s peripheral blood. A graft inserted in the bone tunnels was fixed with interference screws and, after intra-articular
fluid aspiration, 1 ml of PRP was injected into each tunnel and 3 ml were evenly applied to the intra-articular portion of the
graft. The patients were examined by MRI at 3 and 12 months after surgery. The subsidence of swelling in the tunnel-
surrounding tissues was taken as a sign of graft-bone interface healing, and increased signal intensity of the graft was
considered as a result of its ligamentisation. The knee functional status was evaluated at 3 and 12 post-operative months,
using the scoring systems (Cincinnati score, IKDC score).

RESULTS

Bone swelling was found at 3 post-operative months in 18 of 20 patients in both the PRP and the control group. Graft
signal intensity was increased in most patients (19 of the PRP group; 18 control patients; p = 0.949). The Cincinnati score
at 3 months had an average value of 72.7 (34—100; SO, 18.7) in the PRP group and 73.4 (42-99; SO, 16.3) in the control
group (p = 0.793).

The functional score after 12 months improved to 97.5 (75-100; SO, 12.8) in the PRP group and to 95.1 (66—100; SO,
13.1) in the control group; there was no significant difference between the groups (p = 0.885) at either 3 or 12 months. The
IKDC score showed similar results.

At 12 months bone swelling was recorded in seven out of 20 patients in the PRP group and in nine patients in the control
group (p = 0.751). Graft signal intensity was increased in three and four patients of the PRP and control groups, respectively
(p = 0.681). There was a statistical difference between the findings at 3 and 12 months within each group, but no difference
between the groups.

DISCUSSION

In ACL reconstruction, the process of tendon graft-to-bone healing has several stages involving inflammation, cell
proliferation and graft ligamentisation. At each stage, an important role is played by growth factors produced by thrombocytes,
and therefore their potential use in the treatment of injuries to ligaments and tendons has recently come into focus. A number
of experimental studies dealing with the effect of platelet-rich plasma on soft tissue healing has been published. Therefore,
the method of using PRP to enhance graft healing in ACL reconstruction in humans is still being studied.

CONSLUSIONS

The use of PRP in ACL reconstruction does not accelerate graft remodelling and bone ingrowth into the tendon. The
function scoring results showed a statistically significant improvement in knee function between 3 and 12 months of follow-
up within each group studied but revealed no difference between the groups. The hypothesis postulated above was disproved.

Key words: anterior cruciate ligament, platelet-rich plasma, anatomic single-bundle reconstruction.
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Predni zkfiZzeny vaz (PZV, ligamentum cruciatum
anterius, LCA) spojuje distalni ¢4st stehenni kosti s pro-
ximalni Casti kosti holenni, a tim kontroluje stabilitu
kolenniho kloubu béhem béZnych dennich ¢innosti i pfi
naro¢nych profesiondlnich vykonech sportovci. Inci-
dence jeho poSkozeni strmé stoupa s rostouci agresivi-
tou pfii sportovnich vykonech, se zvySujici se aktivitou
pacientll v pokrocilém veéku i z divodu naristajiciho
poctu dopravnich nehod (2, 14). S timto poznatkem
umérné roste pozadavek pacienti na co nejrychlejsi
navrat do béZného Zivota. Tim také sili tlak na Iékate,
ktery provadi ndhradu tohoto statického stabilizatoru
kolenniho kloubu. Hlavni myS$lenkou rekonstrukce PZV
je v dnesni dobé obnova fyziologické kinematiky kolen-
niho kloubu nejen ve sméru predozadnim, ale také pri
pohybu rotacnim. Pro zdokonaleni stability kloubu je
vyuzivano nékolik metod ndhrad PZV (23, 24). Problé-
mem vSak zlstava doba, po kterou se St€p vazu presta-
vuje, a to predevSim pfi vyuZiti §tépu bez kostni tkané
(5). Proto je snaha najit zptsob jak akcelerovat tento
proces.

Jednou z moZnosti, jak urychlit pfestavbu rekonstruo-
vaného vazu, by mohlo byt vyuziti plazmy bohaté na krev-
ni desticky (PRP; platelet rich plasma). PRP je nyni Siro-
ce vyuzivana metoda k 1écbé mnoha mékkotkanovych
1ézi pohybového aparitu. Krevni desticky obsahuji mno-
ho druhti ristovych faktori, které pozitivné ovliviiuji hoji-
vou reakci hostitele v misté poranéni nebo degenerace
a usnadnuji tak reparaci a prestavbu tkané (4).

Cilem této studie bylo potvrdit ¢i vyvritit hypotézu,
zda aplikace plazmy bohaté na trombocyty do kostniho
tunelu tibie a femuru a do St€pu predniho zkfiZeného
vazu pii jeho rekonstrukci urychluje hojeni a prestavbu
Sté€pu a zlepSuje funkci kolenniho kloubu 3. a 12. mésic
po operaci v porovnani s kontrolni skupinou a zda kva-
lita funkce kolenniho kloubu je vniména pacientem lépe
po aplikaci tohoto produktu.

MATERIAL A METODIKA

Design studie

Celkem 40 pacientd podstoupilo operacni ndhradu
PZV (22 muzi/18 Zen; 19 pravych/21 levych kolen) v ob-
dobi leden 2011 aZ leden 2013. Primérny vék pacientl
byl 31,3 rokil s rozpétim 17 az 51 let a vSichni pode-
psali informovany souhlas se zatfazenim do této studie.
Dvacet z nich prodélalo rekonstrukci jednosvazkovou
technikou z hamstringu s aplikaci PRP, dvacet pacientt
podstoupilo tutéZ rekonstrukci bez pridani PRP. Vybér
pacientil do jednotlivych skupin byl proveden za pomo-
ci permutacni blokové randomizace pocitacového soft-
waru Random Number Generator Software 7.0 a pacien-
ti o pfitomnosti ¢i absenci PRP v rekonstruovaném §tépu
PZV informovani nebyli. Vstupni kritéria pro zafazeni
pacientd do studie byla izolované poranéni PZV, event.
nevyznamné poranéni meniskl bez nutnosti jejich sutu-
ry. Pacienti s poranénim ostatnich struktur kolenniho
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kloubu byli ze studie vylouceni. V ¢asném pooperacnim
obdobi byla zjisténa pouze jedna komplikace, a to sekre-
ce serdzni tekutiny z oblasti rdny na ventromedialni stra-
né proximdlni tibie po odbéru §tépu u obézni pacientky
ve skupiné bez PRP (feSeno naslednou revizi). VSichni
pacienti byli propusténi do domaciho 1é¢eni v priméru
7,5 dne po operaci (rozpéti; 4—14 dni) a nasledné pro-
délali standardni rehabilita¢ni reZim po ndhradé PZV.

Operacni technika

Po uvedeni pacienta do celkové anestezie byla pro-
vedena ze standartniho AL portu artroskopie. Pti pfi-
tomnosti poranéni PZV byl odebran Slachovy S$tép
z m. semitendinosus. KoZni incize byla vedena v dél-
ce v priméru 5 cm na anteromedidlni ¢asti proximal-
ni tibie t&sné nad hornim okrajem pes anserinus. Sla-
chy m. gracilis a m. semitendinosus byly identifikovany,
separovany od ostatnich mékkych tkani retraktory a Sla-
cha m. semitendinosus byla odetnuta od jejiho tponu na
tibii. Stép byl zbaven svaloviny, téikrat pieloZen a upra-
ven na délku 90 mm a Sitku 7-9 mm v priméru. Konce
Stépu byly obsity v délce v 25-30 mm na femoralnim
konci a 20-25 mm na tibidlnim konci za pomoci ¢aso-
vé dlouho vstiebatelného Siciho materidlu Polysorb 2
(Covidien, Mansfield, USA).

Dile pak byly cileny kostni kanaly pro budouci PZV.
Béhem jednosvazkové plastiky byl cilen femoralni kost-
ni kandl na medidlni plochu laterdlniho kondylu femu-
ru do pozice 1 hodina 30 minut pro levé koleno a 10
hodin 30 minut pro pravé koleno z AM portu. Tibidlni
tunel byl cilen do mista ptivodniho footprintu PZV. St&p
PZV byl protaZen do kostnich kanall a zde fixovan inter-
ferencnimi Srouby.

Ve skupiné pacientt s aplikaci PRP bylo ziskano 30 ml
krve pacienta z periferni Zily na predlokti do tfech zku-
mavek po 10 ml a ta byla promichéna s 1 ml antikoa-
gulacniho 0,9% roztoku citratu dextrézy (Sarstedt,
Niimbrecht, Némecko). Dalsi 3 ml krve s 0,3 ml antikoa-
gula¢niho roztoku EDTA (Sarstedt, Niimbrecht, Némec-
ko) byly pouzity pro kontrolu krevniho obrazu. Krev byla
poté okamzité zpracovana na opera¢nim sile centri-
fugou (Jouan B4i, Jouan, Saint-Herblain, Francie) 10
minut pfi 1200 otackach/min pfi 20 °C. Krev ve zku-
mavce se timto procesem rozdélila na plazmu a bunéc-
né Casti (erytrocyty a leukocyty). Tento reZim odstediv-
ky poskytuje PRP piimo.

Izolovand PRP byla ziskdna ze zkumavek lékafem-
hematologem sterilni pipetou v objemu 2-3 ml z kazdé
zkumavky (obr. 1). Ctyfi az $est ml PRP ze dvou zkuma-
vek bylo prevedeno do sterilni stfikacky a aplikovdno
néasledovné do kolenniho kloubu pacienta po fixaci §tépu
interferen¢nimi Srouby v kandlech po evakuaci nitro-
kloubni tekutiny (obr. 2). Jeden mililitr plazmy byl apli-
kovan do obou kosténnych kanélii a 3 ml rovnomérné
do intraartikularni ¢4sti Stépu. Koncentrace krevnich
desticek byla pocitina v hematologickém analyzatoru
(AcT DIFF, Beckman Coulter, Londyn, Velk4 Britanie).
PribliZzn€ 2,0-2,5nasobné koncentrace krevnich desti-
Cek (primérny pocet lidskych krevnich desticek je
200 000/ul) bylo dosaZeno u vSech piipadil. Primérna
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Obr. 1. Odber PRP hematologem ze zkumavky centrifugy.
Obr. 2. Aplikace PRP do stiedni tretiny PZV jehlou.

koncentrace krevnich desti¢ek v PRP byla 459 000/ul
(rozsah 407 000-513 000/ul).

Po aplikaci PRP do kolenniho kloubu byl zaveden
R-drén do kloubu a byla provedena sutura portd a rany
po odbéru hamstringu. V kontrolni skupiné byla opera-
ce provedena zcela obdobné, s vyjimkou aplikace PRP.

Radiodiagnostické a klinické hodnoceni

Po zatazeni pacienta do studie bylo provedeno vyset-
feni magnetickou rezonanci (1,5 Tesla skener) 3. mésic
po operaci se zaméfenim na otok v okoli kostniho tune-
lu, jako na zndmku vhojovani $t€pu do kosti, a na inten-
zitu signalu $tépu, jako znamku jeho ligamentizace. Byla
pouzita standardni kolenni civka a zorné pole 10—16 cm.
Tloustka fezu byla 3 mm s 0,5 mm mezerami. Byly hod-
noceny sagitdlni T1 a T2 vaZené obrazy, axidlni trojroz-
mérné T1 vaZené snimky s ,,potlacenim* tuku a koro-
nalni snimky s protonovou hustotou s ,,potlacenim*
tuku. ZkuSeny muskuloskeletdlni radiolog zaslepené
hodnotil vSechny snimky. Snimky MR byly zazname-
nany s popisem hyper- ¢i hyposignalni struktury vazu
a pritomnosti ¢i absenci otoku v okoli kostniho kanalu.

Druha magneticka rezonance se stejnym protokolem
hodnoceni intenzity signdlu vazu a piitomnosti otoku
kostni tkdné byla provedena 12. mésic po opera¢nim
vykonu u vSech pacientll véetné kontrolni skupiny.

Hodnotici dotazniky byly vyplnény také v dobé kon-
trolnich magnetickych rezonanci, tj. tfeti a dvanacty
mésic po operaci. Pro peclivé zhodnoceni subjektivnich
a objektivnich klinickych vysledkt byly pouZzity dotaz-
niky IKDC (6) a Cincinnati (12).

Statisticka analyza

Vsechna data byla statisticky zpracovana softwarem
STATISTICA 9.0. Popis subjektivnich a objektivnich
klinickych parametrid obsahoval primér, rozsah a smé-
rodatnou odchylku. Pro statistické hodnoceni primér-
nych hodnot byl pouzit parovy Studentlv t-test. Pro
velky rozsah hodnot byl vysledek ziskany pomoci Stu-
dentova t-testu kontrolovdn neparametrickym testem
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Mannovym-Whitneyovym. Hodnota p < 0,05 byla po-
vazovana za statisticky vyznamnou.

Pro hodnoceni ptitomnosti ¢i absence edému v okoli
kostniho kandlu bylo zvoleno hodnoceni 0 pro nepii-
tomnost a 1 pro pfitomnost edému. Statistické zhodno-
ceni bylo provedeno za pomoci chi-kvadrat testu. Stej-
ny test byl vyuzit i pro intenzitu signalu Stépu, kdy
hypersignalni struktura vazu byla hodnocena 1 bodem
a hyposignalni struktura pak 0 body.

VYSLEDKY

Ve skupiné s PRP byl nalezen ve 3. mésici kostni edém
u 18 z 20 pacientd, v kontrolni skupiné také u 18 z 20
pacientd. Intenzita signélu St€pu byla ve vétSing piipa-
da zvySena (19 pacientd ve skupiné PRP, 18 pacientti ve
skupiné kontrolni; p = 0,949). Cincinnati skére vykazo-
valo priimérnou hodnotu ve 3 mésicich po operaci v PRP
skupiné 72,7 (34-100; SO 18,7), v kontrolni skupiné
73,4 (42-99; SO 16,3), p = 0,793. Po 12 mésicich doslo
ke zlepseni funkcniho skére v PRP skupiné na 97,5
(75-100; SO 12,8), v kontrolni skupiné na 95,1
(66-100;SO 13,1). Rozdil mezi obéma skupinami ne-
byl statisticky vyznamny ani ve 12. mésici po operaci
(p =0,885). IKDC skoére vykazovalo obdobné vysledky.
V PRP skupin€ byla hodnota ve 3 mésicich 58,3
(31,0-87,0;SO 13,1), ve 12. mésici 79,6 (56,3-87,0; SO
14,5), (p = 0,002). Kontrolni skupina vykazovala ve
3. mésici hodnotu 52,7 (18,0-78,1;SO 18,4), ve 12. mé-
sici 75,2 (56,3-87,0;SO 11,5; p = 0,03). Mezi obéma
skupinami statisticky vyznamny rozdil nebyl nalezen ve
12. mésici po operaci (p = 0,063).

Ve 12. mésici byl nalezen kostni edém u 7 z 20 pa-
cientll ve skupiné¢ PRP a u 9 pacientl v kontrolni skupi-
né, p = 0,751. Intenzita signalu $tépu byla u 3 pacientt
ve skupiné PRP zvySend, v kontrolni skupiné pak
u 4 pacientt, p = 0,681. Tyto vysledky poukazuji na sta-
tistickou diferenci v porovnani PRP u kontrolni skupi-
ny mezi 3. a 12. mésicem po operaci, nikoliv v§ak mezi
skupinami navzajem.

DISKUSE

Prestavba a hojeni §tépu PZV prochazi stadiem zéané-
tu, proliferace a remodelace (9, 21). Na kazdé z téchto
¢asti hojeni se podili i fada rastovych faktord (20). Tyto
pusobky stimuluji receptory na bunéénych membranéch,
které nasledné startuji jejich diferenciaci a nasledné
mnoZeni v bunky specializované pro danou tkan. Nej-
ved growth factor, transforming growth factor beta
(TGF-beta), insulin growth factor (IGF), basic fibroblast
growth factor (BFGF) a vascular endothelial growth fac-
tor (VEGF). VSechny tyto latky jsou produkovény krev-
nimi destickami, a proto je jejich vyuZiti v 1é€bé pora-
néni vazd a Slach divodem stile CastéjSiho vyzkumu.
Existuje celd fada experimentalnich studii (17, 18) a stu-
dii na zvitatech, kde je popisovan vliv plazmy bohaté na
desticky a faktory z nich na hojeni tkéani (3). Anderson
a kol. (1) prokazali vliv ristovych faktorit PDGF, BMP
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a TGF-beta na zlepSeni strukturdlni a mechanické kva-
lity St€pu PZV po jeho rekonstrukcei u ovci. Tito autofi
vyuzili kontrolni histologické a biomechanické vySetie-
ni. Podobné tak Murray a kol. (10) prokazali za vyuZziti
psiho modelu zrychleni regenerace parcidlni ruptury
PZV.

Etické divody vSak nedovoluji obdobny vyzkum na
lidech. Proto byla snaha ovéfit neinvazivni zpisob hod-
noceni hojeni $t€pu PZV. Weiler a kol. (22) popsali na
zvifecim modelu korelaci zmény intenzity signalu na
MRI s hojenim §tépu PZV. Podobné studie s magnetic-
kou rezonanci prinesly moznost sledovani zmény pre-
stavby Sté€pu po jeho rekonstrukei u lidi (7, 8, 11, 16).

Navrat do aktivniho Zivota pacientll po rekonstrukci
PZV je stile Castéji zminiovanou otdzkou a PRP jako
zdroj cytokinli pro zrychleni vhojeni $tépu do kostnich
kanalti by mohla byt jednou z moznosti. Neexistuje vSak
prili§ mnoho studii, ve kterych by byl popsan vliv PRP
na rekonstrukci PZV. Radice a kol. sledovali v r. 2010
efekt gelu saturovaného PRP na homogenizaci St€pu na
kontrolnich MRI (15). Sledovali pouze intraartikuldrni
cast Stépu. Jako vysledek popsali urychleni homogeni-
zace Stépu, jakozto jeho prestavbu v konecnou formu
vazu, 0 48 % rychleji nez bez aplikace PRP (doba homo-
genizace v PRP skupiné Cinila 179 dni, v kontrolni sku-
piné bez PRP 369 dni). Zda pfistupovali tito autofi
i k rychlejsi a agresivnéjsi rehabilitaci, neni psano.

Intenzitu signalu $t€pu PZV na MRI hodnotil i Orre-
go ve svém vyzkumu v r. 2008 (13). Kromé této zmény
ve struktufe $t€pu samotného bylo hodnoceno i vrista-
ni vazu do kostniho kandlu a to konkrétné zména inten-
zity signalu v osteoligamentoznim prostoru. Na MRI
v Sesti mésicich po operaci tito autofi také popsali sta-
tisticky vyznamny rozdil mezi skupinami hodnotici liga-
mentizaci $tépu PZV. Prostor mezi vazem a kostnim
tunelem vSak nevykazoval rozdilnost mezi obéma sku-
pinami.

Vogrin poté studoval revaskularizaci st€pu PZV po
jeho rekonstrukci na 18 T magnetické rezonanci 1. a 3.
mésic po operaci (19). K urychleni vaskularizace doSlo
v prvnich 4-6 tydnech po operaci ve skupiné PRP
v porovnani s kontrolni skupinou v oblasti kontaktu §la-
chy PZV a kostniho kanalu. Pfi kontrole ve 12. tydnu
po operaci vSak jiZz rozdil mezi obéma skupinami nebyl
vyznamny.

Ideélni doba hodnoceni hojeni rekonstruovaného vazu
neni zatim presné dana. Radice vyuZil dobu pro hodno-
ceni hojeni St€pu PZV 3. az 9. mésic po operaci ve sku-
piné PRP, ve 3. az 12. mésicich u kontrolni skupiny pa-
cientil (15). Orrego provadél kontrolni MRI ve 3. a 6.
mésici po operaci (13), Vogrin pak v 1. a 3. mésici (19).
Objektivné je nutno fici, Ze doba hodnoceni prestavby
Stépu zavisi na typu pozorované vlastnosti $tépu a kva-
lité rozlisSeni MRI.

Zajimavym podmétem k zamySleni je volba typu apli-
kace bunécného koncentritu do kostniho kandlu ¢i do $té-
pu samotného. Radice a kol. vyuzili gelového nosice, do
kterého aplikovali PRP, ten pfiloZili ke Stépu vazu a uza-
vieli do vstiebatelného obalu (15). Nosic i se St€pem byl
vtaZen do kostniho kandlu a umoznil tak fixaci bun¢k kon-
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centratu PRP na povrchu vazu. Orrego i Vogrin vSak nevy-
uzili Zadny z nosict a aplikovali PRP jehlou pifimo do
kostniho tunelu a do vazu samotného (13, 19).

V nasi studii jsme z ekonomickych diivodii nemohli
vyuzit gelovy skafold k aplikaci PRP. Vazka tekutina
plazmy byla zavedena do vazu a do oblasti kostniho kana-
lu za pomoci injek¢ni jehly po evakuaci artroskopické-
ho roztoku z kloubu po dokonceni operace. Tato metoda
vSak miZe byt limitaci tohoto vyzkumu vzhledem k moz-
nosti odtoku PRP. Za dalsi negativum miZe byt bran fakt,
Ze vyuZziti magnetické rezonance s 1,5 Tesla skenerem je
pro detekci vaskularizace $tépu a rozliSeni rozhrani §la-
cha-kost nedostacujici. Proto bylo zvoleno v nasi studii
hodnoceni signalu §t€pu a edému v okoli §t€pu jako moz-
né pro dané rozliSeni pfistroje MRIL

ZAVER

Vyuziti aplikace PRP pfi ndhradé PZV za vyuZiti
aplikace injek¢ni jehlou do kostniho kandlu a do vazu
samotného neurychluje prestavbu Stépu a vhojeni do
kostnich tuneld. Skoérovaci systémy pak vykazuji sta-
tistické zlepSeni funkce kloubu v obou skupinach pfi
porovnani 3. a 12. mésice po operaci, nikoliv vSak pfi
porovnani mezi obéma skupinami. Nami postulovana
hypotéza byla vyvracena.
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Néhrada ptedniho zkiizeného vazu je stale Castéjsi operaci nejen u profesionalnich sportovet,
ale 1 u bézné populace pacientti. Stabilitu kloubu lze zajistit riznymi technikami nahrady
tohoto ligamenta za vyuziti rGznych $tépa. Dle provedenych méfeni v této studii vSak
vyplyva, ze ne vSechny moznosti rekonstrukce piedniho zkfizeného vazu maji stejny vliv na
pfedozadni, a pfedev§im na rotacni stabilitu kolenniho kloubu, jak je v literatufe Casto
uvadéno. Pfi detailni analyze obou svazkii LCA na kadaverech a pii peroperacnim
1 pooperacnim hodnoceni jejich vlivu na stabilitu kloubu byla potvrzena hypotéza, ktera
predesila vétsi vliv dvojsvazkové nadhrady LCA na rotacni stabilitu kolenniho kloubu

v porovnani s technikou jednosvazkovou.

Béhem analyzy vlivu jednotlivych typa rekonstrukci pfedniho zkfiZzeného vazu na stabilitu
kolenniho kloubu byl odhalen zasadni fakt, ktery poukazuje na nedostacujici obnoveni rota¢ni
stability po centralni anatomické jednosvazkové nahradé predniho zkiizené¢ho vazu. Proto by
nem¢éla byt tato technika sportoveiim doporuc¢ovana. Naopak augmentace poranéné ¢asti LCA

vykazuje pfi jeji nahradé€ stabilitu v rotacich obdobnou jako zdravy kolenni kloub.

Nasbirand data také dokazuji, ze rekonstrukce piedniho zkfiZen¢ho vazu technikou
jednosvazkovou, doplnénou o nédhradu anterolateralniho vazu, restaturuje vnitin€ rotacni
stabilitu kolenniho kloubu stejné¢ jako dvojsvazkova rekonstrukce. Tato kombinovana technika
také obnovuje rotacni stabilitu na troven kontralateralniho zdravého kolenniho kloubu. Tim

byla potvrzena druha postulované hypotéza.

Kombinace rekonstrukce LCA jednosvazkovou metodou doplnéna o rekonstrukci ligamentum

anterolaterale je adekvatni abezpeCnou moznosti, jak obnovit vnitin¢ rotacni stabilitu
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kolenniho kloubu. Rekonstrukce anterolateralniho vazu je nezbytna v pfipadech, kdy nédhrada
LCA dostatecn¢ nerestauruje vnitiné rotacni stabilitu, tj. kdyz vnitin€ rotac¢ni nestabilita
kolenniho kloubu ziistdva po rekonstrukci LCA jednosvazkovou technikou vice jak 12° pfi
vyuziti 2,5N toc¢ivé momentové sily. Vzhledem k mechanizmu poranéni u sportovell pii
rotacnich sportech, kdy vznikd pomérné vyrazna rotacni nestabilita, se jevi tato metoda jako

idedlni 1écba pii poranéni LCA u aktivniho sportovce.
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