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I. Wykaz zastosowanych skrótów  

1. CAF – technika płata przesuniętego koronowo (ang. coronally advanced flap) 

2. CAL – kliniczne położenie przyczepu (ang. clinical attachment level) 

3. CEJ –połączenie szkliwno-cementowe (ang. cemento-enamel junction) 

4. CRC- całkowite pokrycie korzenia (ang. complete root coverage) 

5. GC - kolor dziąsła (ang. gingival color) 

6. GM- brzeg dziąsła (ang. gingival margin) 

7. GR- recesja dziąsła (ang. gingival recession)  

8. GRH- wysokość recesji (ang. gingival recession height) 

9. GT- grubość dziąsła (ang. gingival thickness) 

10. HA – kwas hialuronowy (ang. hyaluronic acid) 

11. KTW- szerokość tkanki zrogowaciałej (ang. keratinized tissue width) 

12. MCAT – zmodyfikowana technika tunelowa (ang. modified coronally advanced tunnel 

technique) 

13. MGJ- linia śluzówkowo- dziąsłowa (ang. mucogingival junction) 

14. MRC – średnie pokrycie korzenia (ang. mean root coverage)  

15. MTC - kontur dziąsła brzeżnego (ang. marginal tissue contour) 

16. NCCL – ubytek niepróchnicowego pochodzenia (ang. non-carious cervical lesion) 

17. PPD - głębokość sondowania (ang. probing pocket depth) 

18. RES – wskaźnik poprawy estetyki pokrycia korzenia (ang. Root Coverage Esthetic 

Score) 

19. RT1/RT2 – typ recesji RT1/RT2 (ang. recession type 1 and 2)  

20. RW - szerokość recesji (ang. recession width) 

21. SCTG – przeszczep podnabłonkowej tkanki łącznej (ang. subepithelial connective 

tissue graft) 

22. STT - powierzchnia tkanki miękkiej (ang. soft tissue texture) 
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II. Streszczenie w języku polskim 

Wstęp 

Recesje dziąseł (GR) są powszechnym problemem stomatologicznym, który dotyka pacjentów 

w różnym wieku i powoduje odsłonięcie powierzchni korzeni zębów. Nieleczone recesje mogą 

prowadzić do nadwrażliwości, ubytków niepróchnicowego pochodzenia, próchnicy korzeni 

oraz problemów estetycznych. Popularną techniką chirurgiczną stosowaną w leczeniu recesji 

dziąseł jest zmodyfikowana technika tunelowa (MCAT), często łączona z wykorzystaniem 

przeszczepu podnabłonkowej tkanki łącznej (SCTG). W ostatnich latach wzrosło 

zainteresowanie potencjalnym użyciem kwasu hialuronowego (HA) w periodontologicznej 

chirurgii plastycznej, ze względu na jego właściwości regeneracyjne, przyspieszające gojenie i 

angiogenezę, a także stymulację produkcji kolagenu. 

Materiały i metody 

Randomizowane badanie kliniczne objęło grupę 24 pacjentów z mnogimi, symetrycznymi 

recesjami dziąseł typu RT1 i RT2. Badanie zostało przeprowadzone jako split-mouth, w którym 

jedna strona łuku zębowego stanowiła stronę badaną, a druga była stroną kontrolną. Oceniono 

266 recesji dziąseł, po 133 recesje w grupie badanej oraz kontrolnej. W grupie badanej 

wykonano zabieg MCAT+SCTG z aplikacją kwasu hialuronowego (HA), natomiast w grupie 

kontrolnej zabieg MCAT+SCTG bez użycia HA. W badaniu klinicznym po 6 i 12 miesiącach 

od leczenia chirurgicznego oceniono: wysokość recesji (GRH), szerokość recesji (RW), 

kliniczne położenie przyczepu (CAL), szerokość tkanki zrogowaciałej (KTW), grubość dziąsła 

(GT) oraz wskaźnik poprawy estetyki pokrycia korzenia (RES). Pierwszorzędowym punktem 

końcowym było średnie pokrycie korzenia (MRC). Ponadto przeprowadzono analizę 

histologiczną dziąsła po 12 miesiącach od przeprowadzonych zabiegów w celu oceny wpływu 

HA na budowę tkankową i komórkową obszaru biorczego. Wszystkie próbki zostały 

zabarwione hematoksyliną i eozyną, trichromem Massona, barwnikiem Verohoeff-van Giesona 

i błękitem alcjańskim do oceny półilościowej.  

Wyniki 

W obu grupach zaobserwowano znaczącą poprawę wszystkich ocenianych parametrów 

klinicznych i estetycznych po 6 i po 12 miesiącach od leczenia chirurgicznego. Nie 
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zaobserwowano istotnej różnicy w MRC pomiędzy grupami (MRC w grupie badanej 

84,32%±34,46 i 85,71%±36,43 w grupie kontrolnej, p=0,9910). Obie metody leczenia 

prowadziły do osiągnięcia wysokich wyników estetycznych (RES w grupie badanej 9,51±1,01 

i 9,26±1,10 w grupie kontrolnej, p=0,7292). Zastosowanie HA poprawiało znacząco wygląd 

powierzchni tkanek miękkich (STT) (p=0,0091). Pozostałe parametry wchodzące w skład RES 

nie różniły się istotnie między grupami. Ocena histologiczna wykazała znacznie większą liczbę 

włókien elastynowych i umiarkowany wzrost gęstości włókien kolagenowych w próbkach 

biopsyjnych pobranych z miejsc badanych w porównaniu z miejscami kontrolnymi 

(odpowiednio p=0,0419 i p=0,300). 

Wnioski 

Przeprowadzone badanie wykazało, że połączenie techniki MCAT z SCTG jest bardzo 

skuteczną metodą w leczeniu mnogich recesji dziąseł. Aplikacja HA nie wpływała istotnie na 

całkowite pokrycie recesji, ale poprawiała wygląd powierzchni dziąsła. Ponadto użycie HA 

powodowało zwiększenie ilości włókien elastynowych i kolagenowych w obszarach biorczych. 

Zastosowanie kwasu hialuronowego może być szczególnie korzystne w przypadkach, gdzie 

kluczową rolę odgrywa estetyka.  
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III. Streszczenie w języku angielskim  

Impact of the application of cross-linked hyaluronic acid on the outcomes of treatment of 

multiple gingival recessions using a modified tunnel technique with subepithelial 

connective tissue graft. 

Introduction 

Gingival recessions (GR) are a common dental problem that affects patients of all ages and 

results in exposed tooth root surfaces. Untreated recessions can lead to sensitivity, non-carious 

cervical lesions, root caries and aesthetic problems. A popular surgical technique used to treat 

gingival recessions is the modified tunnel technique (MCAT), often combined with the use of 

subepithelial connective tissue grafting (SCTG). In recent years, there has been increased 

interest in the potential use of hyaluronic acid (HA) in periodontal plastic surgery, due to its 

regenerative properties, accelerating healing and angiogenesis, as well as stimulating collagen 

production. 

Materials and methods 

The randomized clinical trial included a group of 24 patients with multiple, symmetrical 

gingival recessions of types RT1 and RT2. The study was conducted as a split-mouth, with one 

side of the dental arch being the study side and the other side being the control side. A total of 

266 gingival recessions were assessed, with 133 recessions each in the study and control groups. 

The MCAT+SCTG procedure with hyaluronic acid (HA) application was performed in the 

study group, while the MCAT+SCTG procedure without HA was performed in the control 

group. Clinical examination at 6 and 12 months after surgical treatment assessed gingival 

recession height (GRH), recession width (RW), clinical attachment level (CAL), keratinized 

tissue width (KTW), gingival thickness (GT) and aesthetic root coverage index (RES). The 

primary endpoint was mean root coverage (MRC). In addition, histological analysis of the 

gingiva 12 months after the treatments was performed to assess the effect of HA on the tissue 

and cellular architecture of the recipient area. All samples were stained with haematoxylin and 

eosin, Masson's trichrome, Verohoeff-van Gieson stain and Alcian Blue stain for semi-

quantitative evaluation.  
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Results 

Significant improvements in all assessed clinical and aesthetic parameters were observed in 

both groups at 6 and 12 months after surgical treatment. No significant difference in MRC was 

observed between the groups (MRC in the study group 84.32%±34.46 and 85.71%±36.43 in 

the control group, p=0.9910). Both treatments led to high aesthetic results (RES in the study 

group 9.51±1.01 and 9.26±1.10 in the control group, p=0.7292). The use of HA significantly 

improved the appearance of the soft tissue surface (STT) (p=0.0091). The other parameters 

included in the RES did not differ significantly between groups. Histological evaluation showed 

a significantly higher number of elastic fibers and a moderate increase in collagen fiber density 

in biopsy specimens taken from the study sites compared to control sites (p=0.0419 and 

p=0.300, respectively). 

Conclusions 

The study showed that the combination of the MCAT technique with SCTG is a very effective 

method for the treatment of multiple gingival recessions. The application of HA did not 

significantly affect the complete coverage of the recession but improved the appearance of the 

gingival surface. In addition, the use of HA resulted in increased elastic and collagen fibers in 

the recipient areas. The use of hyaluronic acid can be particularly beneficial in cases where 

aesthetics plays a key role. 
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IV. Wstęp uzasadniający połączenie publikacji w cykl 

Recesje dziąseł (GR) są częstym problemem stomatologicznym, dotykającym 

pacjentów w każdym wieku [1,2]. Częstość występowania recesji sięga 70% u osób w wieku 

powyżej 50 lat. [3]. W wyniku GR dochodzi do przesunięcia brzegu dziąsła w kierunku 

apikalnym, co prowadzi do odsłonięcia powierzchni korzenia zęba. Etiologia recesji jest 

wieloczynnikowa, a wśród głównych przyczyn należy wymienić nieprawidłową higienę jamy 

ustnej, zbyt traumatyczne szczotkowanie zębów, przewlekłe zapalenie przyzębia i czynniki 

jatrogenne [4]. Nieleczone recesje dziąseł mogą prowadzić do nadwrażliwości, ubytków 

niepróchnicowego pochodzenia, próchnicy korzeni oraz problemów estetycznych [4].  

Współczesna klasyfikacja recesji dziąseł ocenia położenie przyczepu klinicznego 

(CAL) [5]. Według Cairo i wsp. wyróżnia się trzy typy recesji: typ 1 (RT1) bez utraty przyczepu 

na powierzchniach stycznych; typ 2 (RT2), gdy utrata przyczepu na powierzchniach stycznych 

jest mniejsza niż utrata przyczepu na powierzchni policzkowej; typ 3 (RT3), gdy utrata 

przyczepu na powierzchniach stycznych jest większa niż utrata przyczepu na powierzchni 

policzkowej. 

Leczenie recesji dziąseł ma na celu odbudowę utraconych tkanek miękkich i poprawę 

estetyki. Na przestrzeni wielu lat opracowano wiele metod leczenia chirurgicznego recesji 

dziąseł [6-10]. W ostatnim czasie coraz większą popularność zdobywa zmodyfikowana 

technika tunelowa (MCAT), która polega na przesunięciu płata w kierunku koronowym bez 

konieczności wykonywania cięć brodawek dziąsłowych. Technika ta charakteryzuje się 

mniejszym urazem dla tkanek oraz szybszym gojeniem [7]. Dodatkowo, połączenie MCAT z 

przeszczepem podnabłonkowej tkanki łącznej (SCTG) zapewnia stabilne i długotrwałe wyniki 

leczenia pojedynczych i mnogich GR, co wykazał najnowszy przegląd systematyczny. 

MCAT+SCTG pozwalał na uzyskanie średniego pokrycia korzenia (MRC) rzędu 82,75% ± 

19,7% w przypadku pojedynczych GR i 87,8% ± 16,45% w przypadku mnogich GR [11]. 

Kolejna metaanaliza wykazała, że technika tunelowa pozwalała na uzyskanie lepszych 

wyników estetycznych ocenionych za pomocą wskaźnika pokrycia korzenia (RES) w 

porównaniu z techniką płata przesuniętego koronowo (CAF) (0,84 [95% CI = 0,15–1,53]; 

p=0.01) [12]. 

W celu poprawy gojenia tkanek miękkich w periodontologicznych zabiegach 

plastycznych, badano różne biomateriały, wśród których szczególną uwagę zwrócono na 
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przeszczepy bezkomórkowej matrycy skórnej (ADM), matryce ksenogenne (XDM), pochodne 

macierzy szkliwa (EMD), fibrynę bogatopłytkową (PRF) i kwas hialuronowy (HA) [13-19]. 

Hialuronian jest polisacharydem o wysokiej masie cząsteczkowej obecnym w macierzy 

zewnątrzkomórkowej wielu tkanek organizmu człowieka. HA występuje we wszystkich 

tkankach przyzębia brzeżnego [20-22]. Ze względu na swoje właściwości higroskopijne, 

główną rolą HA jest wiązanie wody i umożliwienie transportu kluczowych metabolitów 

pomiędzy komórkami, co pozwala na utrzymanie integralności tkankowej [20]. Wykazano, że 

HA indukuje angiogenezę, stymuluje tworzenie skrzepu krwi i zwiększa potencjał komórek 

zaangażowanych w procesy gojenia ran i regeneracji [21,22]. Zastosowanie kwasu 

hialuronowego może zmniejszać ryzyko powstawania blizn, co jest szczególnie ważne w 

obszarze estetycznym [23,24]. 

Cykl przedstawia wyniki 3 prac oryginalnych oraz 1 pracy kazuistycznej dotyczących 

tematu leczenia mnogich recesji dziąseł z wykorzystaniem usieciowanego kwasu 

hialuronowego: 

1. Tunnel technique with cross‑linked hyaluronic acid in addition to subepithelial 

connective tissue graft, compared with connective tissue graft alone, for the treatment 

of multiple gingival recessions: 6‑month outcomes of a randomized clinical trial [25] 

2. Tunnel technique and subepithelial connective tissue graft, with or without cross‐linked 

hyaluronic acid, in the treatment of multiple gingival recessions: 12‐month outcomes of 

a randomized clinical trial [26] 

3. Tunnel Technique and Subepithelial Connective Tissue Graft, With or Without Cross-

Linked Hyaluronic Acid, in the Treatment of Multiple Gingival Recessions: Prognostic 

Parameters for Clinical Treatment Outcomes of Randomized Controlled Trial [27] 

4. Leczenie mnogich recesji dziąsłowych z zastosowaniem zmodyfikowanej techniki 

tunelowej z przeszczepem podnabłonkowej tkanki łącznej i kwasu hialuronowego – 

opis przypadku [28] 

Celem prac 1 i 2 była ocena wpływu użycia kwasu hialuronowego na wyniki kliniczne i 

estetyczne leczenia mnogich recesji dziąseł za pomocą MCAT+SCTG po 6 i po 12 miesiącach. 

Ponadto po 12 miesiącach wykonano badanie histologiczne tkanek obszarów biorczych i 

zweryfikowano wpływ HA na strukturę tkankową dziąsła. 
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Celem pracy 3 było zidentyfikowanie i określenie potencjalnych przedoperacyjnych 

czynników prognostycznych wpływających na wyniki kliniczne i estetyczne po 12 miesiącach 

od leczenia chirurgicznego mnogich recesji dziąseł za pomocą MCAT+SCTG+HA. 

Celem pracy kazuistycznej było przedstawienie przypadku leczenia zaawansowanych 

mnogich recesji dziąseł w szczęce oraz w żuchwie z wykorzystaniem zmodyfikowanej techniki 

tunelowej, przeszczepu podnabłonkowej tkanki łącznej i usieciowanego kwasu hialuronowego. 
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V. Założenia, cele i hipotezy badawcze 

Główne cele pracy: 

1. Ocena wpływu HA na efekty kliniczne po 6 i po 12 miesiącach od leczenia 

chirurgicznego mnogich recesji dziąseł za pomocą zmodyfikowanej techniki tunelowej 

(MCAT) i przeszczepów podnabłonkowej tkanki łącznej (SCTG), 

2. Ocena wpływu HA na parametry estetyczne po 6 i po 12 miesiącach od leczenia 

chirurgicznego mnogich recesji dziąseł za pomocą MCAT i SCTG, 

3. Ocena wpływu HA na budowę tkankową i komórkową dziąsła po 12 miesiącach od 

leczenia chirurgicznego, 

4. Ocena wpływu HA na subiektywne odczucia pacjentów w okresie pozabiegowym przy 

pomocy kwestionariuszy wizualnej skali analogowej (VAS), 

5. Analiza zastosowania HA na satysfakcję pacjentów po 6 i 12 miesiącach od leczenia 

chirurgicznego przy pomocy kwestionariuszy VAS, 

6. Określenie potencjalnych przedoperacyjnych czynników prognostycznych dla 

wyników klinicznych i estetycznych po 12 miesiącach od leczenia chirurgicznego 

mnogich recesji dziąseł za pomocą MCAT, SCTG i HA. 

Hipoteza badawcza zakładała, że różnica pomiędzy pierwszorzędowymi punktami 

końcowymi badania (odsetek średniego pokrycia korzenia - MRC) nie będzie istotna statycznie 

pomiędzy grupą badaną (MCAT+SCTG+HA), a grupą kontrolną (MCAT+SCTG) w 

ocenianych punktach czasowych. 
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VI. Omówienie prac wchodzących w skład rozprawy doktorskiej 
 
 

Projekt badania 

Badanie zostało zaprojektowane jako randomizowane badanie kliniczne typu split-

mouth. Po jednej stronie łuku wykonano zabieg MCAT+SCTG z dodatkiem kwasu 

hialuronowego (HA, grupa badana), a po drugiej stronie MCAT+SCTG bez HA (grupa 

kontrolna). Do badania włączono 24 pacjentów, u których zdiagnozowano mnogie recesje 

dziąseł typu RT1 i RT2 [5]. Rekrutację prowadzono wśród dorosłych osób, które zgłaszały się 

do Zakładu Chorób Błony Śluzowej i Przyzębia Warszawskiego Uniwersytetu Medycznego 

między kwietniem 2021 roku, a majem 2022 roku. Protokół badania został zatwierdzony przez 

Komisję Bioetyczną (KB/119/2021). Badanie zarejestrowano na ClinicalTrials.gov (numer 

rejestracji NCT05045586). 

W pierwszej publikacji zostały ocenione parametry kliniczne, estetyczne oraz 

subiektywne wrażenia pacjentów po 6 miesiącach od przeprowadzonego leczenia. W drugiej 

publikacji, poza oceną kliniczną i estetyczną, wykonano badanie histologiczne tkanek dziąsła 

po 12 miesiącach od leczenia chirurgicznego. Trzecia publikacja skupiła się na określeniu 

potencjalnych przedzabiegowych czynników prognostycznych mających wpływ na wyniki 

leczenia chirurgicznego recesji. 

Pierwszorzędowym punktem końcowym badania był MRC po 6 i 12 miesiącach od 

leczenia chirurgicznego recesji. Drugorzędowe punkty końcowe obejmowały: zmniejszenie 

wysokości recesji (GRred), zysk klinicznego położenia przyczepu (CAL), zwiększenie 

szerokości tkanki zrogowaciałej (KTW), zwiększenie grubości dziąsła (GT) i poprawę estetyki 

pokrycia korzeni (RES). 

Kryteria włączenia i wykluczenia 

Kryteria włączenia obejmowały: 

(1) mnogie RT1 i/lub RT2 o wysokości co najmniej 1 mm, zlokalizowane przy 

zębach górnych i dolnych [5], 

(2) wskaźnik płytki nazębnej (FMPS) <20% [29], 

(3) wskaźnik krwawienia podczas sondowania (FMBOP) <20% [30], 
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(4) zachowane połączenie szkliwno- cementowe (CEJ), 

(5) wiek co najmniej 18 lat. 

Kryteria wykluczenia obejmowały: 

(1) recesje dziąseł typu III (RT3), 

(2) aktywna choroba przyzębia, 

(3) zmiany próchnicowe lub wypełnienia w okolicy przyszyjkowej, 

(4) choroby ogólnoustrojowe wpływające na potencjał gojenia lub aktywne choroby 

zakaźne, 

(5) stosowanie leków wpływających na stan przyzębia, 

(6) palenie tytoniu, 

(7) ciąża lub laktacja. 

Wielkość próby 

Analiza mocy została oparta na badaniu przeprowadzonym przez Nandanwar et al. [17], 

zgodnie z którym zastosowanie HA zwiększyło MRC o około 8,92% w porównaniu z grupą 

kontrolną. Zakładając SD ±7,39%, poziom istotności 0,05 i moc 80%, wymagana minimalna 

liczebność grupy wyniosła 12 pacjentów. Do badania włączono 24 pacjentów. 

Randomizacja i alokacja 

Randomizacja została przeprowadzona za pomocą wygenerowanej komputerowo listy 

randomizacyjnej. Bezpośrednio przed zabiegiem operator był informowany o sposobie leczenia 

prawej strony jamy ustnej, która zawsze była leczona jako pierwsza. Następnie lewa strona 

jamy ustnej była leczona metodą przeciwną.  

Leczenie chirurgiczne 

Wszystkie zabiegi chirurgiczne zostały wykonane przy użyciu techniki MCAT+SCTG 

przez jednego, doświadczonego chirurga (BG) [31]. W znieczuleniu miejscowym preparowano 

płat pełnej grubości do linii śluzówkowo-dziąsłowej (MGJ) oraz płat dzielony poza MGJ. Z 

błony śluzowej podniebienia pobierano przeszczep nabłonkowo-łącznotkankowy, który 

poddano deepitelializacji poza jamą ustną w celu przygotowania SCTG [32]. Wysokość SCTG 

wynosiła 4 mm, długość była zgodna z długością wypreparowanego tunelu, a jego grubość była 
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mniejsza niż 1 mm. W grupie badanej pod płat aplikowano usieciowany kwas hialuronowy 

(HA, hyaDENT BG, Bioscience, Niemcy), pokrywając powierzchnię korzeni i otaczające 

tkanki miękkie przed wprowadzeniem przeszczepu do tunelu [19]. SCTG wprowadzano do 

tunelu i stabilizowano za pomocą szwów resorbowalnych na wysokość CEJ zębów. W 

kolejnym kroku płat stabilizowano w położeniu koronowym, dążąc do całkowitego pokrycia 

SCTG płatem. Po stronie kontrolnej zastosowano tę samą metodę leczenia, ale bez użycia HA. 

Opieka pozabiegowa i wizyty kontrolne  

Wizyty kontrolne odbywały się po 7 i 14 dniach, następnie po 1, 3, 6 i 12 miesiącach. 

W dniu zabiegu pacjenci zostali poproszeni o wypełnienie kwestionariuszy oceniających 

dyskomfort pooperacyjny, a także ból i obrzęk po 1, 2, 4, 7 i 14 dniach od leczenia 

chirurgicznego.  

Pomiary kliniczne 

Parametry kliniczne zostały oceniane przed zabiegiem, a także po 6 i 12 miesiącach od 

leczenia chirurgicznego przez skalibrowanego badacza nieświadomego przydziału grupy (IS). 

Przy pomocy sondy periodontologicznej (sonda UNC 15 mm, Hu-Friedy, Chicago, IL, USA) 

oceniano następujące parametry kliniczne: 

(1) wysokość recesji dziąsła (GRH): odległość od CEJ do brzegu dziąsła po stronie 

policzkowej centralnie, 

(2) szerokość recesji dziąsła (RW): pozioma odległość mierzona między mezjalnym 

i dystalnym brzegiem recesji na wysokości CEJ, 

(3) głębokość sondowania (PPD): odległość od brzegu dziąsła do miejsca, w którym 

zatrzymuje się sonda, 

(4) kliniczne położenie przyczepu (CAL): odległość od CEJ do dna szczeliny 

dziąsłowej, 

(5) szerokość tkanki zrogowaciałej (KTW): odległość między brzegiem dziąsła a 

połączeniem śluzówkowo-dziąsłowym (MGJ), 

(6) grubość dziąsła (GT): mierzona po stronie policzkowej zęba 3 mm apikalnie 

względem brzegu dziąsła, przy użyciu pilnika endodontycznego 25 ISO 

(Poldent, Warszawa, Polska) ze stoperem ustawionym prostopadle do dziąsła, 

aż do osiągnięcia powierzchni korzenia lub kości wyrostka zębodołowego. 
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Pomiar odczytywano przy użyciu suwmiarki elektronicznej (YATO YT-7201, 

Toya, Wrocław, Polska) z dokładnością do 0,01 mm. 

Ocena estetyczna i ocena subiektywna pacjentów 

Po 6 i 12 miesiącach od zabiegów oceniano wyniki estetyczne leczenia za pomocą 

wskaźnika RES na podstawie wykonanych zdjęć fotograficznych (MS) [33]. Oceniano 

następujące parametry estetyczne, które składały się na ocenę RES: 

(1) położenie brzegu dziąsła (GM), 

(2) powierzchnia tkanek miękkich (STT), 

(3) przebieg połączenia śluzówkowo-dziąsłowego (MGJ), 

(4) kontur brzegu dziąsła (MTC), 

(5) kolor dziąsła (GC). 

Dla parametrów: STT, MGJ, MTC, GC zastosowano skalę 0-1, dla parametru GM 0-3-

6. Maksymalna suma RES wynosiła 10.  

Wyniki zgłaszane przez pacjentów dotyczące estetyki i ogólnego zadowolenia z 

zabiegów oceniano za pomocą kwestionariuszy przekazanych pacjentom 6 i 12 miesięcy od 

leczenia. Pytania zostały zaprojektowane w sposób dychotomiczny (tak lub nie). Do oceny 

zadowolenia z estetyki wykorzystano wizualną skalę analogową (VAS). Pytania obejmowały 

ocenę estetyczną: koloru dziąsła, konturu tkanek miękkich, pokrycia recesji oraz „Jak bardzo 

Pani/Pan jest zadowolony z efektów leczenia chirurgicznego?”, „Czy zdecydowałaby się 

Pani/Pan jeszcze raz na takie leczenie?”, „Czy poleciłaby Pani/Pan leczenie innym 

pacjentom?”. 

Pobranie biopsji do badania histologicznego i ocena histologiczna 

Po 12 miesiącach od leczenia chirurgicznego wykonano analizę histologiczną u 17 

pacjentów, którzy wyrazili pisemną zgodę na pobranie biopsji. 

Materiał biopsyjny dziąsła w obszarach badanych pozyskano za pomocą 3-

milimetrowego narzędzia biopsyjnego. Materiał utrwalono w 10% roztworze zbuforowanej 

formaliny i przekazano do Zakładu Patomorfologii Warszawskiego Uniwersytetu Medycznego. 
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Próbki zostały wysuszone i zanurzone w bloczkach parafinowych, które pocięto na skrawki o 

grubości 3 mikrometrów. Wykonano następujące barwienia:  

• hematoksyliną i eozyną (H&E) do badania morfologicznego, 

• trichromem Massona (MT) do oceny włókien kolagenowych, 

• barwnikiem Verohoeff-van Giesona (EVG) do oceny włókien elastynowych, 

• błękitem alcjańskim (AB) do oceny mukopolisacharydów macierzy 

zewnątrzkomórkowej. 

Z każdej próbki losowo wybrano jeden wycinek histologiczny, który został zbadany 

przez doświadczonego patologa, który nie był świadomy przydziału grupy (ŁF). Materiał 

oceniano półilościowo w dwuklasowym systemie punktacji jako: + (niska gęstość włókien 

kolagenowych/ liczba włókien elastynowych/ ilość mukopolisacharydów macierzy) i ++ 

(średnia do wysokiej gęstość włókien kolagenowych/ liczba włókien elastynowych/ ilość 

mukopolisacharydów macierzy).  

Analiza statystyczna 

Oceniane parametry zostały obliczone w następujący sposób: 

(1) MRC (pierwszorzędowy punkt końcowy): 
• MRC = ((GR0 - GR6) / GR0) × 100% (po 6 miesiącach), 
• MRC = ((GR0 - GR12) / GR0) × 100% (po 12 miesiącach). 

(2) Zmniejszenie wysokości recesji (drugorzędowy punkt końcowy): 
• GRred = GR0 - GR6 (po 6 miesiącach), 
• GRred = GR0 - GR12 (po 12 miesiącach). 

(3) Zysk CAL (drugorzędowy punkt końcowy): 
• CAL = CAL0 - CAL6 (po 6 miesiącach), 
• CAL = CAL0 - CAL12 (po 12 miesiącach). 

(4) Zwiększenie KTW (drugorzędowy punkt końcowy): 
• KTW = KTW6 - KTW0 (po 6 miesiącach), 
• KTW = KTW12 - KTW0 (po 12 miesiącach). 

(5) Zwiększenie GT (drugorzędowy punkt końcowy): 
• GT = GT6 - GT0 (po 6 miesiącach), 
• GT = GT12 - GT0 (po 12 miesiącach). 

Ocena istotności statystycznej różnic między grupą badaną i kontrolną zarówno w 

pierwszorzędowym punkcie końcowym (MRC), jak i w zmiennych wskazanych jako 

drugorzędowe punkty końcowe została wykonana za pomocą testu t-Studenta. W przypadku 

uzyskania wyników potwierdzających istotność statystyczną lub analizy zmiennych 
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obejmujących więcej niż dwie grupy, dodatkowo przeprowadzano analizę wariancji (ANOVA), 

aby ocenić wpływ grupy oraz potencjalnych interakcji między zmiennymi niezależnymi na 

zmienne zależne. Weryfikację zgodności rozkładów w przypadku zmiennych kategorycznych 

między obiema grupami przeprowadzono za pomocą testu chi-kwadrat Pearsona. 

Do oceny wartości predykcyjnych czynników przedoperacyjnych dla wyników po 12 

miesiącach zastosowano modele regresji logistycznej. W celu modelowania parametry 

kliniczne zostały skategoryzowane w następujący sposób: 

(1) MRC: ≤85% (grupa niska) i >85% (grupa wysoka), 

(2) Kompletne pokrycie korzenia (CRC): zmienna binarna, 

(3) RES: ≤9 (grupa niska) i 10 (grupa wysoka), 

(4) Zwiększenie KTW: ≤3 mm (grupa niska) i >3 mm (grupa wysoka), 

(5) Zwiększenie GT: ≤2 mm (grupa niska) i >2 mm (grupa wysoka). 

Jako zmienne niezależne uwzględniono: zastosowanie HA, rodzaj zęba 

(sieczny/kieł/przedtrzonowy/trzonowy), pozycję zęba (szczęka/żuchwa), PPD, CAL, GRH, 

RW, KTW, GT oraz typ recesji przedoperacyjnej. Wszystkie powyższe parametry 

przeanalizowano za pomocą modeli regresji logistycznej jednoczynnikowej. Następnie 

zbudowano wieloczynnikowe modele regresji logistycznej z wykorzystaniem metody krokowej 

postępującej (stepwise forward), przeprowadzając V-krotną walidację krzyżową oraz oceniając 

dopasowanie modeli za pomocą testu Hosmera–Lemeshowa. Ponadto wykonano 

wielowymiarową analizę korespondencji w celu potwierdzenia zależności między zmiennymi 

jakościowymi. 

Dla wszystkich analiz istotność statystyczną określono na poziomie α=0,05. 

Wyniki 

Dwunastomiesięczne MRC wyniosło 84,32% dla grupy badanej (MCAT+ SCTG+HA) 

i 85,71% dla grupy kontrolne (MCAT+SCTG, p = 0,9910). W odniesieniu do pozostałych 

ocenianych parametrów klinicznych, mianowicie GRred, zysku CAL, zwiększenia GT i 

zwiększenia KTW, obie metody leczenia pozwoliły na osiągnięcie znaczącej poprawy po 6 i 

po 12 miesiącach od leczenia. Nie zaobserwowano statystycznie istotnych różnic w ocenianych 
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parametrach klinicznych pomiędzy grupami. Wyniki po 12 miesiącach nie różniły się 

statystycznie od wyników po 6 miesiącach od leczenia. 

W obu grupach zaobserwowano znaczącą poprawę ocenianych parametrów 

estetycznych. Dwunastomiesięczne wartości RES nie wykazywały statystycznie istotnych 

różnic między MCAT+SCTG+HA i MCAT+SCTG (odpowiednio 9,51 ± 1,01 i 9,26 ± 1,10, p 

= 0,7292). Porównując powierzchnie tkanek miękkich (STT), zastosowanie HA skutkowało 

osiągnięciem znacznie wyższej wartości dla tej zmiennej w grupie badanej (0,96 ± 0,20 dla 

MCAT+SCTG+HA i 0,73 ± 0,22 dla MCAT+SCTG, p = 0.0091). 

Na podstawie kwestionariuszy VAS nie stwierdzono istotnych statystycznie różnic 

między grupą kontrolną i badaną w natężeniu bólu i obrzęku zgłaszanych przez pacjentów. 

Aplikacja HA nie wpływała na zgłaszane przez pacjentów odczucia subiektywne we wczesnym 

okresie pozabiegowym 

Wyniki oceny VAS ogólnej satysfakcji pacjentów były bardzo pozytywne. Ponadto 

wszyscy ankietowani pacjenci zadeklarowali, że gdyby mieli taką możliwość, powtórzyliby 

zabieg i poleciliby jego wykonanie innym osobom. Aplikacja HA nie wpływała na ocenę 

satysfakcji pacjentów z podjętego leczenia. 

W biopsjach wybarwionych MT w obu grupach ogólna liczba włókien kolagenowych 

była wyższa niż w normalnej tkance łącznej błony śluzowej. Odnotowano tendencję w kierunku 

większej gęstości włókien kolagenowych w grupie badanej (11/17 biopsji ocenionych na ++) 

w porównaniu z grupą kontrolną (8/17 biopsji ocenionych na ++), jednak różnica nie była 

istotna statystycznie. Barwienie Verhoeffa-van Giesona wykazało, że w grupie badanej włókna 

elastynowe były obecne w umiarkowanej lub dużej ilości (++) w 12 z 17 biopsji. W grupie 

kontrolnej włókna elastynowe były widoczne (++) w 7 z 17 biopsji i były nieobecne lub 

nieliczne (+) w 10 biopsjach. Różnice te były istotne statystycznie. 

 Prawdopodobieństwo uzyskania MRC > 85%, osiągnięcia CRC i uzyskania RES = 10 

było największe dla zębów siecznych (grupa referencyjna) i najniższe dla zębów trzonowych 

(OR = 0,046, p = 0,005). Z każdym wzrostem o 1 mm bazowego CAL wzrastało 

prawdopodobieństwo niepowodzenia (MRC < 85%, nieosiągnięcie CRC), podczas gdy każdy 

wzrost o 1 mm bazowego KTW zwiększał szansę MRC > 85%, osiągnięcia CRC i RES = 10. 
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Zastosowanie HA zwiększało prawdopodobieństwo idealnego RES ponad dwukrotnie (OR = 

2,683, p = 0,001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

23 

VII. Podsumowanie i wnioski 

Badanie zawarte w cyklu publikacji dowodzi wysokiej skuteczności MCAT+SCTG w 

leczeniu mnogich recesji dziąseł RT1 i RT2, szczególnie w kontekście 12-miesięcznego 

pokrycia recesji oraz poprawy parametrów estetycznych. Dodatkowe zastosowanie HA może 

przyczyniać się do promowania wzrostu włókien elastynowych i kolagenowych, a także 

wpływać na bardziej estetyczną powierzchnię odtwarzanych tkanek miękkich (brak 

widocznych blizn pooperacyjnych).  

Główne wnioski płynące z przeprowadzonego badania to: 

1. Zastosowanie kwasu hialuronowego nie wpływało na poprawę parametrów klinicznych 

po 6 i po 12 miesiącach od leczenia chirurgicznego mnogich recesji dziąseł za pomocą 

zmodyfikowanej techniki tunelowej (MCAT) i przeszczepów podnabłonkowej tkanki 

łącznej (SCTG), 

2. Zastosowanie kwasu hialuronowego poprawiało wygląd powierzchni tkanek miękkich 

(STT), ale nie wpływało na inne parametry estetyczne, 

3. Użycie HA mogło przyczyniać się do umiarkowanego wzrostu gęstości włókien 

kolagenowych i znaczącego zwiększenia włókien elastynowych po 12 miesiącach od 

leczenia chirurgicznego, 

4. Zastosowanie kwasu hialuronowego nie miało wpływu na dolegliwości w okresie 

pozabiegowym (ból/obrzęk), 

5. Zastosowanie HA nie miało wpływu na satysfakcję pacjentów z podjętego leczenia oraz 

nie zmieniało percepcji osiągniętych efektów estetycznych,  

6. Typ zęba, bazowe CAL i bazowe KTW były istotnymi czynnikami prognostycznymi 

uzyskanych efektów po 12-miesiącach od leczenia chirurgicznego: 

I. Zęby sieczne miały najwyższe szanse uzyskania MRC>85%, osiągnięcia CRC i 

maksymalnego RES,  

II. Wraz ze wzrostem bazowego CAL rosło prawdopodobieństwo niepowodzenia 

(MRC < 85%, brak CRC),  

III. Wraz ze wzrostem bazowego KTW rosły szanse na uzyskanie MRC >85%, 

osiągnięcie CRC i maksymalnego RES. 
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VIII. Kopie opublikowanych prac 
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Abstract
Objectives The aim of this study was to investigate differences in clinical and esthetic outcomes in the treatment of multiple 
gingival recession types 1 and 2, using the modified coronally advanced tunnel technique (MCAT) combined with subepi-
thelial connective tissue graft (SCTG), with or without cross-linked hyaluronic acid (HA).
Materials and methods A total of 24 patients with 266 multiple gingival recessions (GR) were enrolled in the study (133 
recessions per group). MCAT was combined with SCTG and HA on the test side, while MCAT with SCTG was used on the 
control side. Clinical parameters were measured at baseline and 6 months post-operatively. Visual analogue scales (VAS) 
and questionnaires were used to assess patient-rated outcomes, and the root coverage esthetic score (RES) was used for 
professional esthetic evaluation.
Results No significant improvement in root coverage was observed as a result of adding HA. After 6 months, mean root 
coverage (MRC) was 85% for SCTG + HA group and 83% for SCTG group (p = 0.9819). Complete root coverage (CRC) 
was observed in 91% (test) and 93% (control) of the cases (p = 0.9001). Professional assessment of soft tissue texture (STT) 
using RES showed a significant difference (0.94 versus 0.69, p = 0.0219) in favor of the experimental group.
Conclusions Both treatments were similarly effective in treating multiple GRs and led to comparable improvements in clini-
cal parameters. However, application of HA improved the appearance of soft tissue texture.
Clinical relevance Adjunctive application of HA in the MCAT + SCTG procedure may improve STT results.

Keywords Hyaluronic acid · Esthetics · Multiple gingival recessions · Modified coronally advanced tunnel technique · 
Subepithelial connective tissue graft

Introduction

Gingival recession (GR) is defined as an apical shift of the 
gingival margin in relation to the cemento-enamel junction 
(CEJ) with accompanying exposure of the root surface [1]. 
Buccal exposure can lead to hypersensitivity, caries, and 
non-caries cervical lesions, as well as esthetic impairment 
[2–4]. These defects may be caused by precipitating and 

predisposing factors, such as improper traumatic toothbrush-
ing technique, frenum pull, malposition of the tooth, peri-
odontal disease, or orthodontic treatment [5].

Recent papers have demonstrated that GR is a common 
condition in the population, but its incidence and severity is 
highly heterogeneous and depends on factors such as coun-
try, socioeconomic background, and age, among others [3, 
6–8]. Particular factors were correlated with the likelihood 
of recession of a particular type. For example, older age 
when combined with high education level and lower per-
centage of plaque favored the occurrence of RT1 type reces-
sion, while older age, severe periodontitis, low education, 
and poor oral hygiene were associated with RT2 and RT3 
recessions [8]. However, studies on which type of recession 
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is most prevalent in general have so far been inconclusive 
[8, 9].

According to Cairo [10], gingival recession can be clas-
sified in the following way based on interproximal clinical 
attachment loss: recession type 1 (RT1) with no loss of inter-
dental attachment; recession type 2 (RT2) when interden-
tal attachment loss is smaller than buccal attachment loss; 
recession type 3 (RT3) when interdental attachment loss is 
greater than buccal attachment loss.

There are various methods of gingival recession treatment 
[5, 11–15]. For the past couple of years, the tunnel tech-
nique, originally described by Zabalegui [16], has become 
increasingly popular. This was mostly due to the fact that this 
method allows for the avoidance of vertical incisions, which 
produces better clinical and esthetic outcomes thanks to a 
faster healing process and better blood supply [17]. Since 
its invention, this method has been modified by numerous 
clinicians [13, 18–23]. The most recent research has proven 
that the efficiency of the tunnel technique is particularly high 
when applied to the treatment of multiple GRs [24].

More recently, hyaluronic acid has found application 
in periodontal soft tissue reconstructive surgery [25, 26]. 
Hyaluronan is a high-molecular-weight polysaccharide 
component present in the extracellular matrix of many tis-
sues (e.g., synovial joints, skin, periodontium). HA has 
been found in all periodontal tissues, in greater amounts 
in non-mineralized tissues such as the periodontal ligament 
and gingiva, and in minor amounts in mineralized tissues 
such as cementum and alveolar bone [27]. Due to its hygro-
scopic properties, the main role of HA is to bind water and 
allow for transport of key metabolites between cells, thus 
maintaining tissue integrity [28]. HA has been shown to 
induce angiogenesis, stimulate blood clot formation, and 
increase the potential of cells involved in wound healing 
and regeneration [29]. In addition, due to its bacteriostatic 
properties, the use of HA reduces the risk of post-operative 
infection [30]. The use of HA during the procedure can 
also have a positive effect on post-operative discomfort by 
reducing patient’s pain and swelling [31, 32]. The use of 
hyaluronic acid can also contribute to the process of healing 
without scar formation, which is particularly important in 
the esthetic area [32]. Considering all the above-mentioned 
factors, it can be assumed that the use of acid when covering 
gingival recessions will also have a positive effect on the 
clinical and esthetic results of such a treatment.

The aim of this study was to assess the impact of using 
HA in the treatment of multiple gingival recessions with 
MCAT and SCTG on the clinical and esthetic results after 
6 months. Additionally, the study also verified whether it is 
possible to reduce the level of healing-related morbidity and 
improve esthetic parameters by adding HA to SCTG. Mean 
root coverage (MRC) at 6 months after performing surgery 
was considered as a primary outcome variable, while GR 

reduction, gain in clinical attachment level (CAL), and 
improvement in keratinized tissue thickness (KTW) as well 
in gingival thickness (GT), RES score, and patient’s ques-
tionnaire results were secondary outcome variables.

Materials and methods

Study design and ethical considerations

This research was designed as a split-mouth randomized 
controlled clinical trial and was performed in accordance 
with current standards of clinical research (CONSORT 
guidelines) (http:// www. conso rt- state ment. org). The study 
protocol was registered with ClinicalTrials.gov, Registra-
tion number: NCT05045586. Two different treatment groups 
were compared: modified coronally advanced tunnel com-
bined with hyaluronic acid (MCAT plus HA) as a test group 
and MCAT alone as a control group.

Participants of the study were 24 adult subjects (5 males 
and 19 females), aged between 19 and 50, who were referred 
to the Department of Periodontology and Oral Mucosa 
Diseases of Medical University of Warsaw between April 
2021 and May 2022. The study protocol was approved by 
the Bioethics Committee (KB/119/2021). Informed consent 
was obtained from all participants, and all methods were 
performed in accordance with the Helsinki Declaration of 
1975, as revised in Tokyo in 2013. The CONSORT diagram 
of this study is presented in Fig. 1.

Inclusion and exclusion criteria

The inclusion criteria were (1) multiple RT1s and/or RT2s 
at least 1 mm deep; (2) full-mouth plaque score (FMPS) 
and full-mouth bleeding on probing (FMBOP) < 15%; 
and (3) detectable cemento-enamel junction (CEJ); (4) 
age ≥ 18 years.

The exclusion criteria were (1) gingival recessions of 
type III (RT3); (2) systemic and infectious diseases affect-
ing healing; (3) caries lesions or restorations in the cervical 
area; (4) active periodontitis; (5) use of medications affect-
ing periodontal status; (6) smoking; and (7) pregnancy or 
lactation.

Clinical measurements

One fully blinded examiner (IS) was responsible for the 
assessment of the clinical parameters. Clinical measure-
ments were collected before treatment and 6 months there-
after for each tooth separately, using a calibrated periodon-
tal probe (UNC 15, Hu-Friedy, Chicago, IL). A calibration 
exercise was conducted before collecting measurements 
from patients included in the study. Eight non-study patients 
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with at least 4 contralateral teeth with recessions were 
included in the exercise. A designated investigator assessed 
the parameters within a 24-h interval. Calibration was 
completed when ≥ 90% of the records could be reproduced 
within a range of a 1.0 mm difference, and exact agreement 
was repeated in 75% of the measurements. The following 
parameters were examined for each recession separately: (1) 
gingival recession height (GR), distance at the mid buccal 
site of the inspected tooth measured from CEJ to the gingi-
val margin; (2) gingival recession width (RW), horizontal 
distance measured between the mesial and distal margin of 
the recession at CEJ level; (3) probing pocket depth (PPD), 
distance from the gingival margin to the bottom of the gin-
gival sulcus; (4) clinical attachment level (CAL), distance 
from CEJ to the bottom of the gingival sulcus; (5) kerati-
nized tissue width (KTW), distance between the gingival 
margin and the mucogingival junction (MGJ); (6) gingival 
thickness (GT), measured at buccal side of the tooth 3 mm 
apically starting from the gingival margin using endodontic 
file 25 ISO (Poldent, Warsaw, Poland) with a stopper posi-
tioned perpendicularly to the gingiva until the root surface or 
the alveolar bone was reached, an electronic caliper (YATO 
YT-7201, Toya, Wrocław, Poland), with 0.01-mm accu-
racy was used to measure the GT value; (7) FMPS, share 
of surfaces with plaque presence; and (8) FMBOP, share of 
points that bled after gentle probing. The aforementioned 

parameters were collected again after 6 months. In addition, 
the percentage of recession coverage was measured.

Sample size calculation

According to a study by Nandanwar, adding HA to a treat-
ment of multiple gingival recession using polylactic acid/
polyglycolic acid membrane and subepithelial connective 
tissue graft may increase the mean root coverage by approxi-
mately 8.92% when compared to the group of patients to 
whom no HA was applied [33]. Consequently, the sample 
size calculation determined that 12 subjects per treatment 
group would provide 80% power to disclose a true differ-
ence of above-mentioned value (8.92%) between the test and 
control groups, assuming 7.39% as the common standard 
deviation and 0.05 as the level of significance. However, 
considering that some patients could be lost during follow-
up, 24 patients per each group were enrolled.

Randomization and allocation concealment

Randomization of the study was performed prior to surgery 
by an uninvolved researcher who used a computer-generated 
randomization list. The allocation concealment was carried 
out in sealed, opaque envelopes that were only revealed to 
the operator before the surgery was performed. Once the 

Fig. 1  Consort diagram show-
ing study design

Fig.1 Consort diagram showing study design

Fig.1 Consort diagram showing study design

Assessed for eligibility (n=85)
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Lost to follow-up (give reasons) (n=0)
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envelope was opened, the treatment modality was revealed 
for the side treated first during surgery (always the right-
hand side). Thus, the left-hand side was treated in accord-
ance with the opposite treatment modality. The patient was 
not given any information about the treatment allocation.

Surgical treatment

All procedures were performed by a single experienced sur-
geon (BG) in the same institution (Department of Periodon-
tology and Oral Mucosa Diseases of Medical University of 
Warsaw), using the modified coronally advanced tunnel 
technique [18]. Both sides (tested and control) were treated 
at the same appointment, with the treatment always starting 
from the right-hand side. Following local anesthesia using 
4% articaine hydrochloride with adrenaline (1:100,000) 
(Septanest, Septodont, Saint-Maur-des-Fossés, France), the 
surgical area was prepared as a full-thickness flap up to MGJ 
with a small elevator. Then, using tools for the tunneling 
technique, the area was dissected as a split-thickness flap 
above MGJ. The papillas of the teeth with recessions, as 
well as neighboring teeth in their buccal area, were detached 
with periosteum to achieve coronal advancement of the flap. 
Gentle root planning was performed with a curette (Gracey 
Curettes, Hu-Friedy, Chicago, IL, USA). Then, a free gin-
gival graft (FGG) was harvested from the palate and deepi-
thelialized outside the mouth. Length of received SCTG cor-
responded to the length of prepared tunnel, its width was 
4 mm, and its thickness was less than 1 mm. Donor site was 
secured with hemostatic collagen sponge and cross mattress 
sutures (Seralon 4/0 18 mm 3/8, Serag-Wiessner GmbH & 
Co. KG, Naila, Germany). For the test side, cross-linked 
hyaluronic acid (HA, hyaDENT BG, Bioscience, Germany) 
was applied under the flap, covering the root surface and 
the surrounding soft tissues before inserting the graft into 
the tunnel [25]. HA was used according to the manufac-
turer’s recommendations. For both sides, SCTG was used 
in one piece and placed into the tunnel. First, the graft was 
stabilized at CEJ level with resorbable sling sutures (PGA 
Resorba 6/0 11 mm 3/8, RESORBA Medical GmBH, Nürn-
berg, Germany), and HA was applied again on the entire 
surface of SCTG [25]. After SCTG was fully covered with 
the coronally advanced tunnel, non-resorbable monofila-
ment sling sutures (Seralon 6/0 12mm3/8, Serag-Wiessner 
GmbH & Co) were performed to secure the flap as well as 
the graft. Control side was treated in the same manner, but 
no HA was used.

Post-operative instructions and evaluation 
of morbidity

After surgery, patients were given 400 mg of ibuprofen and 
instructed to take another dose 8 h later. Then, the adoption 

of anti-inflammatory drugs depended on the occurrence 
of post-operative complaints. Patients were given written 
post-operative recommendations, which included avoiding 
brushing and flossing of the post-operative area. In addi-
tion, a 0.12% chlorhexidine digluconate rinse was prescribed 
to be used twice a day for the first 3 weeks. The sutures 
were removed after 14 days. Follow-up appointments were 
planned at intervals of 1, 2, and 4 weeks and then 3 and 
6 months after surgery. Each control visit included profes-
sional supragingival plaque removal. The patients were 
instructed to brush using a post-surgical soft toothbrush 
and roll technique for 3 weeks after surgery. On the day of 
the surgery, patients were also asked to fill out self-report 
questionnaires assessing post-operative discomfort for each 
side. VAS (visual analogue scale) questionnaire included 
an assessment of pain and swelling on the 1st, 2nd, 4th, 7th, 
and 14th day after surgery, measured using a visual scale 
with extremes labeled “no pain or swelling” as score 0 (left) 
and “worst imaginable pain or swelling” as score 10 (right), 
respectively.

Evaluation of esthetics and patient satisfaction

Esthetic outcomes were evaluated 6 months after surgery by 
a single independent blinded investigator (MS) in accord-
ance with RES [34] which is comprised of the following 
components: gingival margin (GM) (assessment rule: 0 
points, root coverage failure; 3 points, partial root coverage; 
6 points, complete root coverage); marginal tissue contour 
(MTC) (assessment rule: 0 points, irregular gingival mar-
gin, not following CEJ; 1 point, scalloped gingival contour, 
following CEJ); soft tissue texture (STT) (assessment rule: 
0 points, scar formation; 1 point, absence of scars); mucog-
ingival junction (MGJ) (assessment rule: 0 points, MGJ 
not aligned with the MGJ of adjacent teeth; 1 point, MGJ 
aligned with the MGJ of adjacent teeth); gingival color (GC) 
(assessment rule: 0 points, color does not match adjacent 
teeth; 1 point, color matches adjacent teeth).

These variables were compared and evaluated using pho-
tographic images taken before and 6 months after treatment. 
The ideal maximum esthetic score was 10.

Information on overall and esthetic satisfaction with the 
treatment was collected at a follow-up visit after 6 months, 
using VAS questionnaires.

Statistical analysis

The results were summarized using descriptive statistics 
such as mean values, standard deviations (SD), percentages, 
and frequencies. The Shapiro–Wilk test proved the normal-
ity of distribution of quantitative variables which allow for 
the use of the Student’s t-test to compare means between 
test and control groups. Similarly, Pearson’s chi-square test 
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was used to compare fractions (percentages). The follow-
ing metrics were calculated to evaluate the effectiveness of 
the treatment: (1) mean root coverage (MRC) = GR0–GR6/
GR0 × 100%, (2) recession reduction = GR0–GR6, (3) CAL 
gain = CAL0–CAL 6, (4) KTW gain = KTW6–KTW0, (5) 
GT gain = GT6–GT0, and (6) avascular exposed root surface 
area (AERSA) = GR × RW. The analyses were performed 
with 3.6.1 software (R Core Team 2021). For all analyses, 
statistical significance was established for p < 0.05.

Two logistic regression models were created to deter-
mine the parameters associated with increased likelihood 
of achieving perfect RES (equal to 10) and MRC (> 85%), 
respectively. The following parameters were included in the 
models as independent variables: sex, the use of HA, tooth 
type (incisors/canines/premolars/molars), tooth position 
(upper/lower), GR, RW, AERSA, PPD, CAL, KTW, GT, 
and RT at baseline.

Results

Twenty four patients were enrolled in this study (5 males 
and 19 females), seventeen of them had 12 recessions, one 
of them had 11 recessions, two of them had 10 recessions, 
one of them had 9 recessions, two of them had 8 reces-
sions, and one of them had 6 recessions. Apparently, the 
majority of included patients had 12 recessions meaning 
that during surgical procedure the whole dental arch was 
treated. Overall, 133 gingival recessions in the test group 
(SCTG + HA group) and 133 gingival recessions in the con-
trol group (SCTG group) were treated. The following teeth 
were included in the study: upper incisors (68), canines (36), 
premolars (70), first molars (36), and lower incisors (16), 
canines (10), premolars (20), first molars (10). During this 
study, no significant healing complications were reported, 
and there were no resignations. Details of baseline data are 
presented in Table 1.

Prior to surgery, no significant discrepancies were 
observed between the test group and the control group 
regarding any of the assessed parameters. Details of the 
clinical outcomes at baseline and 6 months later are pre-
sented in Table 2. Significant reduction in GR, RW, and 
CAL parameters were noticed in both groups, comparing 
baseline to 6 months follow-up parameters. However, no sta-
tistically significant differences between treated groups were 
observed. No statistically significant difference was reported 
in PDD values between the treated groups. On top of that, 
there was a significant decrease in the GR height both in 
the test group (from 1.77 ± 1.13 at baseline to 0.11 ± 0.41 
at 6-month follow-up examination), as well as in the con-
trol group (from 1.67 ± 1.12 at baseline to 0.09 ± 0.38 at 
6-month follow-up examination). At the same time, no sta-
tistically significant differences between the two groups were 

identified in terms of a percentage of MRC (0.85 ± 0.34 in 
the test group and 0.83 ± 0.35 in the control group) or a per-
centage of CRC (0.91 ± 0.29 in the test group and 0.93 ± 0.26 
in the control group). Both treatments resulted in a signifi-
cant increase in GT on both sides (GT from 1.68 ± 0.72 to 
2.74 ± 0.80 on SCTG + HA side and GT from 1.70 ± 0.75 to 
2.59 ± 0.68 on SCTG side). No significant differences with 
respect to KTW gain and GT gain at 6 months between two 
treatment modalities were observed.

Table 3 presents details of the esthetic results at 6 months 
post-operatively. RES outcomes were similar for test and 
control sides (9.47 ± 1.00 versus 9.04 ± 1.31 respectively, 
p = 0.7111). Likewise, GM, MTC, MGJ, and GC values 
showed no statistically significant differences between the 
SCTG + HA group and the SCTG group. However, the 
test group achieved significantly higher results in the STT 
value compared to the control group (0.94 ± 0.23 versus 
0.69 ± 0.46, respectively, p = 0.0219).

Table 4 presents results of two created logistic regres-
sion models. According to the model, the lower teeth had 
76% smaller chance of achieving perfect RES and 59% 
smaller chance of having MRC > 85% when compared to 
the upper teeth. The likelihood of perfect RES also increased 
in statistically significant way for women, molars, premo-
lars, and canines (when compared to incisors), RT1 (when 
compared to RT2), greater values of GR, CAL, and GT, 
as well as lower values of KTW. Similarly, the likelihood 
of MRC > 85% was higher for canines and molars (when 

Table 1  Characteristics for the study groups

N number of patients, n number of defects, SCTG  subepithelial con-
nective tissue graft, HA hyaluronic acid, GR gingival recession, RT 
recession type

Variables Test group 
(SCTG + HA)
(N = 24; n = 133)

Control 
group 
(SCTG)
(N = 24; 
n = 133)

Sex (n)
  Women 19 19
  Men 5 5

Tooth type (n)
  Incisors 42 42
  Canines 23 23
  Premolars 45 45
  Molars 23 23

Tooth position (n)
  Maxillary teeth 105 105
  Mandibular teeth 28 28

Type of GR according to Cairo (n, %)
  RT1 59 (44%) 54 (41%)
  RT2 74 (56%) 79 (59%)
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compared to incisors), RT1 (when compared to RT2), 
greater values of GT, as well as lower values of AERSA.

The VAS parameters related to patients’ morbidity col-
lected shortly after the surgery are presented in Table 5. 
There were no statistically significant differences between 
the control and test groups in either the level of pain and 
edema self-reported by patients or in their incidence at any 
of the analyzed intervals (1st, 2nd, 3rd, 4th, 7th, 14th day 
post-op).

The summary of results regarding esthetic and overall 
satisfaction with the treatment are presented in Table 6. No 
statistically significant differences between the two groups 
were observed. However, regardless of their assignment, 
most patients seemed to assess the treatment at a high level 
(mean satisfaction level exceeded 7.98 on the 1–10 scale for 
all questions). Moreover, all surveyed patients declared that, 
given the opportunity, they would repeat the surgery, as well 
as recommend it to others.

Clinical outcomes are presented in Figs. 2 and 3.

Discussion

The values obtained in the study for all clinical parameters 
were, statistically, significantly better at 6 months after sur-
gery compared to baseline for both analyzed groups. This 
provides further evidence of the high efficiency of the use of 
MCAT + SCTG in the treatment of this condition, confirm-
ing the findings of previous studies [24, 35, 36].

At the same time, in the current study, no statistically 
significant differences in clinical (PD, CAL, GT, KT) and 
esthetic (GM, MTC, MGJ, GC) parameters, were observed 
between the test group (SCTG + HA) and the control group 
(SCTG). The only parameter which value was statistically 
significantly higher in the test group compared to the con-
trol group was STT. Thus, based on the results described 
above, it cannot be concluded that the addition of hyalu-
ronic acid contributes to a significant improvement in GR 
outcomes when using MCAT + SCTG. However, it can be 
hypothesized that the use of HA may contribute to minimiz-
ing scar tissue formation through its regenerative proper-
ties. The results obtained are similar to those described by 
Kumar et al. [37]. This randomized split-mouth controlled 
trial comparing treatment outcomes with CAF + HA and 

Table 2  Clinical parameters (mean and standard deviation) at base-
line and 6 months after surgery

GR gingival recession height, SCTG  subepithelial connective tissue 
graft, HA hyaluronic acid, MRC mean root coverage, CRC  complete 
root coverage, GR red gingival recession reduction, RW gingival 
recession width, PPD probing pocket depth, CAL clinical attachment 
level, KTW keratinized tissue width, GT gingival thickness, * statisti-
cally significant ( p ≤ 0.05)

Baseline 6 months p

GR SCTG + HA (mm) 1.77±1.13 0.11±0.41  < 0.0001*
GR SCTG 1.67±1.12 0.09±0.38  < 0.0001*
p 0.8121 0.9822
MRC SCTG + HA - 0.85±0.34 -
MRC SCTG - 0.83±0.35 -
p 0.9819
CRC SCTG + HA - 0.91±0.29 -
CRC SCTG - 0.93±0.26 -
p 0.9001
GR red SCTG + HA (mm) - 1.66±1.06 -
GR red SCTG - 1.59±1.15 -
p 0.9018
RW SCTG + HA (mm) 3.24±1.88 0.31±1.11  < 0.0001*
RW SCTG 3.32±1.82 0.29±1.11  < 0.0001*
p 0.9881 0.9981
PPD SCTG + HA (mm) 1.42±0.54 1.40±0.54 0.4562
PPD SCTG 1.49±0.57 1.51±0.57 0.5012
p 0.3112 0.1074
CAL SCTG + HA (mm) 3.08±1.28 0.87±0.80  < 0.0001*
CAL SCTG 3.08±1.22 0.90±0.82  < 0.0001*
p 0.9801 0.9117
KTW SCTG + HA (mm) 2.80±1.38 3.54±1.46 0.1981
KTW SCTG 2.69±1.28 3.48±1.32 0.1761
p 0.8911 0.9018
KTW gain SCTG + HA (mm) - 0.67±1.33 -
KTW gain SCTG - 0.65±1.35 -
p 0.9818
GT SCTG + HA (mm) 1.68±0.72 2.74±0.80 0.0112*
GT SCTG 1.70±0.75 2.59±0.68 0.0219*
p 0.9278 0.8291
GT gain SCTG + HA (mm) - 1.00±0.99 -
GT gain SCTG - 0.80±0.98 -
p 0.8111

Table 3  Evaluation of esthetic 
outcomes after 6 months (mean 
and standard deviation)

SCTG  subepithelial connective tissue graft, HA hyaluronic acid, GM gingival margin, MTC marginal tissue 
contour, STT soft tissue texture, MGJ mucogingival junction alignment, GC gingival color, RES root cover-
age esthetic score, * statistically significant (p ≤ 0.05)

GM MTC STT MGJ GC RES

SCTG + HA 5.73±0.87 0.88±0.32 0.94±0.23 0.92±0.28 0.98±0.16 9.47±1.00
SCTG 5.70±1.12 0.83±0.38 0.69±0.46 0.86±0.35 0.95±0.22 9.04±1.31
p 0.9381 0.8991 0.0219* 0.4332 0.9111 0.7111
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CAF alone showed no statistically significant differences 
in the parameters (RD, PPD, CAL) between test and con-
trol groups. However, authors claim that, regardless of the 
obtained statistical results, root coverage in the experimental 
group appeared to be clinically more stable compared with 
the control group after 24 weeks.

On the other hand, vastly different results were presented 
in the study by Nandanwar et al. [33]. In a randomized con-
trol trial conducted on 24 patients, comparing the efficiency 

of HA combined with a polylactic acid/polyglycolic acid 
(PLA/PGA) membrane, and SCTG alone, in the treatment of 
multiple gingival recession defects, statistically greater val-
ues were obtained for the width of the keratinized gingiva, 
root coverage, and CAL gain in the experimental group.

Similarly, in a study by Pilloni et al., hyaluronic acid in 
the treatment of single gingival recessions showed a positive 
effect on both the clinical outcomes of the treatment and 
the patient’s post-treatment complaints [31]. The test group 

Table 4  Logistic regression 
models outcomes

MRC mean root coverage, HA hyaluronic acid, RT recession type, GR gingival recession height, RW gingi-
val recession width, AERSA avascular exposed root surface area, PPD probing pocket depth, CAL clinical 
attachment level, KTW keratinized tissue width, GT gingival thickness, RES root coverage esthetic score

Model Treatment outcome Predictor Category or unit OR [95% CI] p

Model I MRC 85% HA application Yes Reference
No 0.96 [0.36–2.45] 0.098943

Sex Women Reference
Men 1.40 [0.62–3.21] 0.067777

Tooth position Upper Reference
Lower 0.41 [0.21–1.22] 0.007865

Tooth type Incisors Reference
Molars 0.66 [0.11–0.92] 0.003425
Premolars 1.12 [0.33–3.89] 0.988786
Canines 3.21 [1.78–10.55] 0.013298

RT RT1 Reference
RT2 0.68 [0.25–0.91] 0.001677

GR 1 mm 0.89 [0.55–1.21] 0.645672
RW 1 mm 0.93 [0.61–1.35] 0.883782
AERSA 1  mm2 0.43 [0.17–0.84] 0.000078
PPD 1 mm 1.06 [0.47–4.01] 0.717162
CAL 1 mm 0.78 [0.12–1.02] 0.085329
KTW 1 mm 0.80 [0.50–1.30] 0.376758
GT 1 mm 1.83 [0.84–3.98] 0.028943

Model II RES HA application Yes Reference
No 0.85 [0.28–2.62] 0.789990

Sex Women Reference
Men 0.25 [0.05–1.23] 0.004467

Tooth position Upper Reference
Lower 0.24 [0.06–1.06] 0.001444

Tooth type Incisors Reference
Molars 1.06 [0.31–1.77] 0.002366
Premolars 1.61 [1.03–3.11] 0.008818
Canines 3.11 [1.56–4.66] 0.001019

RT RT1 Reference
RT2 0.81 [0.44–0.92] 0.005543

GR 1 mm 3.53[1.12–5.93] 0.003665
RW 1 mm 1.17 [0.54–2.61] 0.711369
AERSA 1  mm2 0.98 [0.75–1.31] 0.776686
PPD 1 mm 1.14 [0.27–3.20] 0.887787
CAL 1 mm 3.98 [1.29–5.41] 0.010889
KTW 1 mm 0.43 [0.23–0.82] 0.009998
GT 1 mm 2.44 [1.08–5.77] 0.020888
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achieved statistically higher scores in ReCRED, CRC, and 
MRC. In addition, there were statistically lower values for 
patient’s discomfort and swelling 7 days after surgery. It can 
be emphasized that the discrepancies in results of the above-
mentioned studies may be due to differences in study design, 
follow-up period, and methodology.

In addition, HA has also found an application in peri-
odontal regenerative surgery. Clinical studies have shown 
statistical differences in PD reduction and CAL gain in favor 
of the test group [38], which may also support the validity of 
the thesis that HA has a positive effect on soft tissue healing.

To the best of our knowledge, the impact of adding 
HA to the treatment of multiple gingival recessions using 
MCAT + SCTG on RES score and patient-centered out-
comes has not been examined thoroughly in the research 
published to date. A modern mucogingival plastic surgery 
should not be focused solely on the improvement of the 
clinical parameters of the treatment (MRC, CRC), but also 
on the esthetic outcomes (architecture and color of soft tis-
sues, scar avoidance). Recent studies conducted by Sørdahl 
et al. [39] have proven that there are no statistically signifi-
cant discrepancies between the RES scores assigned by a 
professional examiner and those self-reported by a patient. 
A conclusion can be then drawn that esthetic results of the 
treatment is of equal importance for the patients as are the 
clinical outcomes.

The present study showed no statistically significant 
effect of HA use on esthetic parameters, except for one vari-
able (STT). Possibly the latter effect might be due to HA 
properties that support a vascularization of the operated site, 
as well as long time of HA degradation, which extends the 
time span of tissue formation. However, further research will 
be needed to corroborate the findings of this study.

The authors are fully aware of the limitations of the 
study. The follow-up period was short (6 months), and 
the actual differentiation of treatment effects may pos-
sibly only be observed over a longer period. However, 
6-month outcomes are frequently reported in papers con-
cerning gingival recessions, as there is an increased risk of 
higher drop-out rate in longer periods [33]. Moreover, it is 
planned to make another recall at 12 months and observe 
the group of treated patients for as long as possible. Addi-
tionally, both RT1 and RT2 recessions were included in 
the study, although, the impact of HA use on each type of 
recession was not investigated due to the limited size of 
the study group. However, studies have shown that loss 
of interproximal CAL is not an important predictor for 
coverage outcomes of multiple gingival recessions [28]. 
Another limitation was the fact that the sample size calcu-
lation was based on the results of a study in which HA was 
used in combination with a different method than in the 
current study. However, it was not possible to use the exact 
same parameters for the application of HA, because, as far Ta
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as we are aware, such a study has not yet been conducted. 
In order to mitigate the resulting risk, it was decided to 
enroll more patients in the study than was necessary based 
on the sample size calculation results.

To conclude, there is a need to confirm the results of the 
current study with a larger group of subjects and a longer 
follow-up period.

Conclusions

Considering the limitations of this study related to short 
follow-up period (6 months), it can be concluded that 
while MCAT + SCTG is a predictable and highly effective 
technique in the treatment of multiple GRs, neither clinical 
outcomes nor patient-reported post-operative morbidity 

Table 6  Results of patient questionnaire for evaluation of esthetics and overall satisfaction

n, N number, VAS visual analog scale, SD standard deviation, * statistically significant (p ≤ 0.05)

Question Test Control p

N answering 
“yes” (%)

VAS mean (SD) N answering 
“yes” (%)

VAS mean (SD)

Gingival color 0.958333 7.98 ± 1.15 0.958333 8.26 ± 1.25 0.3223
Gingival contour 1 8.21 ± 1.33 1 8.00 ± 1.44 0.7226
Recession coverage 1 8.29 ± 1.08 1 8.21 ± 0.95 0.8810
“How satisfied are you with the results of the surgery?” 1 8.74 ± 0.88 1 8.54 ± 1.05 0.4481
“Would you decide again to go for the treatment performed?” 1 8.69 ± 0.94 1 8.71 ± 1.00 0.9901
“Would you recommend the treatment to another person?” 1 8.70 ± 0.78 1 8.74 ± 0.82 0.9017

Fig. 2  b Preoperative view of 
gingival recession located at 
teeth 16–11 on test side. b Tun-
nel preparation, application of 
hyaluronic acid. c Subepithelial 
connective tissue graft (SCTG) 
placed in the tunnel and fixed 
with sling sutures, application 
of hyaluronic acid. d Immediate 
post-operative view. e 6-month 
post-operative view
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and satisfaction are impacted by adding HA to it. The 
only RES parameter that is significantly improved when 
using HA is STT. The above-described outcomes should 
be, however, reexamined in the longer follow-up period.
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Abstract
Background: This study evaluated the influence of the adjunctive application
of a cross-linked hyaluronic acid (HA) in the treatment of multiple gingival
recessions, using a modified coronally advanced tunnel (MCAT) technique and
subepithelial connective tissue graft (SCTG) (MCAT+SCTG±HA).
Methods:A randomized, split-mouth, double-masked comparison of the effects
of MCAT+HA+SCTG (test) versus MCAT+SCTG (control) in the treatment of
multiple, contralateral gingival recessions with clinical, esthetic, and histologi-
cal evaluations was carried out. All samples were stained with hematoxylin and
eosin, Masson’s trichrome, Verhoeff–Van Gieson, and Alcian blue stain for semi-
quantitative evaluation. The primary outcome variable was 12-month mean root
coverage (MRC).
Results: Twenty-four patients with 266 gingival recessions received both con-
trol and test treatments (133 recessions per group). 12-month MRC of the
MCAT+HA+SCTG groupwas not significantly different from theMCAT+SCTG
group with 84.32%± 34.46% and 85.71%± 36.43%, respectively (p = 0.991). Both
treatment modes produced favorable esthetic outcomes (root coverage esthetic
score [RES] 9.51± 1.01 tests vs. 9.26± 1.10 controls, p = 0.7292). However, the
application of HA improved soft tissue texture (p = 0.0091). The remaining end
point measures did not differ significantly between groups. Histological eval-
uation showed a significantly greater number of elastic fibers and a moderate
increase in collagen fiber density in biopsy samples taken from the test sides
when compared to the control sides (p = 0.0419 and p = 0.300, respectively).
Conclusions: MCAT+SCTG is an effective procedure in the treatment of
multiple recession Type 1 (RT1) and RT2 recessions. There were no statisti-
cally significant differences in evaluated clinical treatment outcomes in the
MCAT+HA+SCTG group compared to the MCAT+SCTG group within a period
of 12months. The application of HA increased collagen and elastic fiber density.
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1 INTRODUCTION

A gingival recession (GR) is defined as the exposure of root
surface following the apical migration of the gingival mar-
gin (GM) relative to the cementoenamel junction (CEJ).1
GR affect members of all age groups, with a prevalence of
up to 70% in individuals aged 50 years and above.2 GRmay
be associated with impaired esthetic appearance, caries,
noncaries cervical lesions, and teeth hypersensitivity.3
A modified coronally advanced tunnel (MCAT) tech-

nique combined with subepithelial connective tissue graft
(SCTG) has been suggested as a safe, predictable, and
highly effective surgical approach for single and multi-
ple GR treatment.4–8 A recent systematic review indicated
that MCAT was associated with a mean root coverage
(MRC) of 82.75% ± 19.7% in the case of localized GR and
87.8% ± 16.45% for multiple GR.9
The application of various biomaterials to enhance soft

tissue healing in the treatment of GR, such as acel-
lular dermal matrix, porcine-derived collagen matrix,
enamelmatrix derivative (EMD), platelet-rich fibrinmem-
brane, and hyaluronic acid (HA), has been proposed
and tested.10–14 Increasing attention has recently been
given to HA, which is a linear glycosaminoglycan com-
posed of disaccharides containing glucuronic acid and N-
acetylglucosamine.15 HA constitutes a major component
of the extracellular matrix.16 HA binds water and facil-
itates the transfer of various metabolites, stimulates cell
migration and differentiation, regulates tissue homeosta-
sis and inflammation, and exerts oxygen radical scavenger
effects.15,17,18 A plethora of in vitro and animal studies has
shown that HA improves clot formation, induces angio-
genesis, enhances collagen and elastic fiber regeneration,
and increases the tensile strength of the granulation tis-
sue, all of which may potentially reduce healing time and
improve wound stability.19–25
A recent systematic review regarding the additional

benefits of HA in the surgical treatment of GR regis-
tered advantageous effects on the clinical outcomes in
the short term.26 Performing a meta-analysis, however,
was not feasible due to significant heterogeneity in sur-
gical modalities. In this context, clinical evidence on the
effect of the employment of HA in the treatment of GR
remains missing. Therefore, the authors conducted a ran-
domized clinical trial (RCT) to compare clinical, esthetic,
and histological outcomes of the multiple GR treatment,

using MCAT+HA+SCTG (tests) versus MCAT+SCTG
(controls). The primary outcome variable was MRC at 12
months postoperatively. The null hypothesiswas thatMRC
at 12months for HA+SCTG sides would be no better than
for SCTG sides.

2 MATERIALS ANDMETHODS

2.1 Study design and ethical
considerations

The study was designed as a randomized, split-mouth,
double-masked (patients and examiners), monocenter
clinical trial assessing the effectiveness of the adjunctive
application of HA combined with SCTG (test) compared
with SCTG alone (control) in the treatment ofmultiple GR.
All patients were treated at theDepartment of Periodontol-
ogy and OralMucosa Diseases of theMedical University of
Warsaw. The target population consisted of patients over
the age of 18 with multiple, contralateral GR occurring in
either themaxilla or themandible. Details of inclusion and
exclusion criteria are presented in the supplementary files
(see Table S1 in online Journal of Periodontology).27
The study protocol was registered at ClinicalTrials.gov

(ID no. NCT05045586). The registration was done a pri-
ori. The protocol and patient informed consent forms
were approved by the institutional bioethics committee
(approval no. KB/119/2021). All patients signed informed
consent forms prior to treatment. This trial was carried
out following all local legal requirements and the Helsinki
Declaration of 1975, as revised in Tokyo in 2013.

2.2 Sample size calculation

The power analysis was based on a study by Nandan-
war et al. according to which the application of HA
increased MRC by approximately 8.92% when compared
to the control.28 Consequently, a clinically significant dif-
ference of 8.92% or more in MRC between groups over 12
months would be of interest. Assuming an SD of ±7.39%, a
level of significance of 0.05, and a power of 80%, a sample
size of 12 patients would be required. However, the final
sample size was decided to be 24 patients, considering the
availability of cases.
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SKIERSKA et al. 3

2.3 Study outcomes

The primary efficacy end point was MRC at 12 months
compared to baseline. Secondary efficacy end points
includedGR reduction (GRred), gain in clinical attachment
level (CAL), increase in keratinized tissue width (KTW),
gain in gingival thickness (GT), and root coverage esthetic
score (RES).

2.4 Clinical measurements

The clinical measurements were performed by a single
masked calibrated examiner (I.S.) at baseline, 6 months,
and 12months after surgery. The calibration exercise con-
sisted of two sets of repeated measurements, performed
24 h apart, in eight patients with at least four contralat-
eral GR, who did not participate in the present study.
A designated investigator evaluated gingival recession
height (GRH), recessionwidth (RW), probing pocket depth
(PPD), CAL, KTW, and GT and rounded down to the
nearest half millimeter. The intraexaminer intraclass cor-
relation coefficient was 0.921 (95% CI: 0.894–0.939) for GR,
0.889 (0.830–0.914) for RW, 0.902 (0.863–0.928) for PPD,
0.893 (0.845–0.922) for CAL, and 0.898 (0.850–0.927) for
KTW.
The following clinical measurements were recorded:

1. Gingival recession height (GRH): distance betweenCEJ
and GM at the midbuccal side,

2. Recession width (RW): horizontal distance between the
mesial and distal margins of the recession at CEJ level,

3. Probing pocket depth (PPD): distance between GM and
the bottom of the gingival sulcus,

4. Clinical attachment level (CAL): distance between CEJ
and the bottom of the gingival sulcus,

5. Keratinized tissue width (KTW): distance between GM
and the mucogingival junction;

6. Gingival thickness (GT): measured at the buccal side of
the tooth 3mm apical to the GM.

A periodontal probe (PCP UNC 15; Hu-Friedy, Chicago,
Illinois, USA) was used for measuring GR, RW, PPD,
CAL, and KTW, while GT was measured at the buc-
cal side of the tooth 3 mm apical to the GM using an
endodontic file 25 ISO (Poldent, Warsaw, Poland) with
a stopper positioned perpendicularly to the gingiva until
the root surface or the alveolar bone was reached. After
removal of the file, the distance between the tip of the file
and the stopper was measured with an electronic caliper
with an accuracy of 0.01 (YATO YT-7201; Toya, Wrocław,
Poland).

2.5 Randomization and allocation
concealment

Randomization was performed before the surgery by an
uninvolved statistician who used a computer-generated
randomization list. Each subject contributed paired defects
to the study. The allocation concealment was carried out
in sealed and opaque envelopes. The envelope was opened
immediately prior to the surgery and the operator was
informed about the treatmentmodality for the right side of
the mouth, which was always treated first. Subsequently,
the left side of the mouth was treated with the oppo-
site treatment modality. Patients were blinded to group
allocation.

2.6 Surgical treatment

One experienced surgeon (B.G.) was responsible for the
performance of all surgeries using the MCAT technique.12
Both sides were treated during a single appointment. Flap
preparation and graft harvesting were identical for both
test and control sides. Details of the surgical procedure
and postoperative instructions have been described in a
previous paper.29 For the test side, 1.6% cross-linked HA
and 0.2% linear HA (Hyadent BG, Bioscience, Germany)
was applied directly on the roots of the treated teeth
and under the surgical flap to ensure permanence in the
wound, similarly to other studies.30–32 All manufacturer
recommendations were respected during the procedure.
SCTG was stabilized at CEJ level with resorbable sling
sutures. Special attention was given to the avoidance of
flap tension, achievement of complete graft coverage under
the flap, and the optimal postoperative coronal position-
ing of the flap. Recessions assigned to the control group
underwent a near-identical procedure, differentiated only
by the absence of HA. Patients were scheduled for recall
appointments at 1, 3, 6, and 12months.

2.7 Evaluation of esthetics and patient
satisfaction

Esthetic evaluation was performed based on photographic
images taken before and 6 and 12 months after surgery,
in accordance with RES33 by a single, blinded examiner
(M.S.). For details of the evaluated RES parameters, see
Table S2 in the online Journal of Periodontology. Clinical
outcomes are presented in Figure 1. Patient-reported out-
come (PRO) measures for esthetics and overall treatment
satisfaction were evaluated using questionnaires dis-
tributed 6 months and 12 months post surgery. Questions
were designed in a dichotomous fashion (yes or no), and
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4 SKIERSKA et al.

F IGURE 1 (1A) Preoperative view of gingival recession located at Teeth 16–11 on test side. (1B) Preoperative view of gingival recession
located at Teeth 21–26 on control side. (2A) Tunnel preparation, application of hyaluronic acid. (2B) Tunnel preparation. (3A) Subepithelial
connective tissue graft (SCTG) placed in tunnel and fixed with sling sutures, application of hyaluronic acid. (3B) SCTG placed in tunnel and
fixed with sling sutures. (4A) Immediate postoperative view on test side. (4B) Immediate postoperative view on control side. (5A) 12-month
postoperative view on test side. (5B) 12-month postoperative view on control side.

a visual analog scale (VAS) was used to evaluate esthetic
satisfaction.

2.8 Harvesting and preparation of
biopsies

Gingival biopsies were taken around the premolar teeth
bilaterally from both test and control sides at 12 months.

Biopsies were harvested from 17 patients who had given
written informed consent for such an examination. A
3-mm punch biopsy pen (Integra Miltex Disposable
Biopsy Punch 3 mm; Integra LifeSciences Services,
Saint-Priest, France) under local anesthesia with 4%
articaine hydrochloride with adrenaline (1:100000) (Sep-
tanest; Septodont, Saint-Maur-des-Fossés, France) was
used to obtain the samples. The punch was positioned
2mm from the GM, perpendicular to the gingival surface.
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SKIERSKA et al. 5

Semirotational movements were thenmade to take epithe-
lial and subepithelial tissue samples without disturbing
the periosteum. All specimens were preserved in a 10%
buffered formalin solution and transferred to the Depart-
ment of Pathology of the Medical University of Warsaw.
There, the specimens were dried and then immersed
in paraffin blocks under the supervision of one blinded
examiner (Ł.F.). Samples from the blocks were cut into 3-
µm-thick sections and stained with hematoxylin and eosin
(H&E) for morphological examination. All sections were
also stained with Masson’s trichrome (MT), Verhoeff–Van
Gieson, and Alcian blue (AB) stain for evaluation of
the collagen framework, elastic fibers, and extracellular
matrix mucopolysaccharides, respectively. Histochemical
stains were performed in an automated stainer (Dako
Omnis; Agilent Technologies, Inc., California, USA) in
accordance with each manufacturer’s recommendations.

2.9 Histological analysis

From each sample, one histological section was ran-
domly chosen and examined by an experienced pathologist
blinded to the clinical outcome of patients and to the site of
biopsy (Ł.F.). The slides were digitized with a Hamamatsu
NanoZoomer 2.0-HT scanner (Hamamatsu Photonics,
Hamamatsu, Japan) and evaluated at 4× and 20×magnifi-
cation using NDP.view2 software (Hamamatsu Photonics,
Hamamatsu, Japan).
The slides were first assessed at low magnification (4×

scanning magnification) to evaluate the general architec-
ture anddistribution of collagen and elastic fibers aswell as
extracellular matrix mucopolysaccharides. Next, the slides
were viewed at 20×magnification and assessed semiquan-
titatively in a two-class scoring system as + (low density
of collagen framework, absence or low number of elastin
fibers, small amount of matrix mucopolysaccharides) and++ (medium to high density of collagen framework, mod-
erate to high number of elastin fibers, moderate to high
amount of matrix mucopolysaccharides). The histologic
examination was performed by an experienced pathologist
blinded to the clinical outcome of patients and to the site
of biopsy (Ł.F.).

2.10 Statistical analysis

The analyzed metrics were calculated as follows: (1)
MRC = GR0–GR6/GR0 × 100% (after 6 months),
MRC = GR0–GR12/GR0 × 100% (after 12 months);
(2) GRred = GR0–GR6 (after 6 months), GRred = GR0–
GR12 (after 12 months); (3) CAL gain = CAL0–CAL 6
(after 6 months), CAL gain = CAL0–CAL12 (after 12

months); (4) KTW gain = KTW6–KTW0 (after 6months),
KTW gain = KTW12–KTW0 (after 12months); and (5) GT
gain = GT6–GT0 (after 6 months), GT gain = GT12–GT0
(after 12 months). The normality of the distribution of
quantitative variables was verified with the Shapiro–Wilk
test. The primary outcome variable (MRC) was tested for
superiority by Student’s t test. The secondary outcomes
were tested for side differences by Student’s t test. If sig-
nificant, the outcomes were verified by repeated measures
of variance, with the subject as random effect used in
the analysis of variance (ANOVA) approach. Pearson’s
chi-square test was used for comparison of fractions and
the agreement of variable class distribution between tests
and controls. Statistical significance was defined as p
value <0.05.
3 RESULTS

A total of 24 patients (19 females and 5males aged between
19 and 50, mean age 32.54 ± 6.67 years) with multiple
symmetrical recession defects were enrolled in the study
between April 2021 and May 2022. All 24 patients were
evaluated after 1 year. A total of 266 GR (210 recessions in
themaxilla and 56 in themandible)were treated during the
study. Healing was uneventful with none of the patients
developing any major complications or allergic reactions
(see Table S3 in online Journal of Periodontology).
The estimations concerning metrics used to assess clini-

cal outcomes at baseline and 6 and 12months after surgery
can be found inTable 1. Twelve-monthMRCwas 84.32% for
HA+SCTG sides and 85.71% for SCTG sides (p = 0.9910);
thus the null hypothesis was not rejected. The mean dif-
ference for the primary outcome variable of MRC was not
significant and did not meet the superiority threshold of
8.92%. Consequently, the repeated measures of variance
were not performed. With respect to the remaining clin-
ical secondary end points, namely GRred, CAL gain, GT
gain, and KTW gain, both treatment modalities resulted
in significant improvements at 6 and 12months postopera-
tively. No statistically significant differenceswere observed
in all clinical parameters between the treatment groups 6
and 12months postoperatively. The 12-month results were
not statistically different from those taken after 6months.
Both study groups achieved favorable esthetic outcomes.

Twelve-month RES values did not display statistically
significant differences between MCAT+HA+SCTG and
MCAT+SCTG (9.51 ± 1.01 vs. 9.26 ± 1.10 respectively,
p = 0.7292) (Table 2). However, when comparing the soft
tissue texture (STT) variable between the two treatment
modalities, the additional application ofHA resulted in the
achievement of a significantly higher value for this vari-
able (0.96 ± 0.20 for MCAT+HA+SCTG vs. 0.73 ± 0.22 for
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6 SKIERSKA et al.

TABLE 1 Clinical parameters (mean + SD) at baseline and 6 and 12months after surgery.
Test group
(MCAT+HA+SCTG) Control group

(MCAT+SCTG) p value
MRC
Baseline (t1)
6months (t2) 85.23 ± 34.21 83.37 ± 35.54 0.9019
12months (t3) 84.32 ± 34.46 85.71 ± 36.43 0.9910
p value t1 vs. t2
p value t2 vs. t3 0.9011 0.9342
p value t1 vs. t3

CRC
Baseline (t1)
6months (t2) 91.32 ± 29.11 93.39 ± 26.34 0.9001
12months (t3) 92.12 ± 28.14 94.61 ± 24.71 0.8994
p value t1 vs. t2
p value t2 vs. t3 0.9981 0.9874
p value t1 vs. t3

GRH
Baseline (t1) 1.77± 1.13 1.67 ± 1.12 0.8121
6months (t2) 0.11 ± 0.41 0.09 ± 0.38 0.9822
12months (t3) 0.12 ± 0.48 0.08 ± 0.39 0.9983
p value t1 vs. t2 <0.0001 <0.0001
p value t2 vs. t3 0.8741 0.8991
p value t1 vs. t3 <0.0001 <0.0001

GRred
Baseline (t1)
6months (t2) 1.66 ± 1.06 1.59 ± 1.15 0.9018
12months (t3) 1.65 ± 1.09 1.59 ± 1.14 0.9205
p value t1 vs. t2
p value t2 vs. t3 0.9231 0.9938
p value t1 vs. t3

RW
Baseline (t1) 3.24 ± 1.88 3.32 ± 1.82 0.9881
6months (t2) 0.31 ± 1.11 0.29 ± 1.11 0.9981
12months (t3) 0.35 ± 1.29 0.25 ± 1.09 0.2332
p value t1 vs. t2 <0.0001 <0.0001
p value t2 vs. t3 0.4592 0.5021
p value t1 vs. t3 <0.0001 <0.0001

PPD
Baseline (t1) 1.42 ± 0.54 1.49 ± 0.57 0.3112
6months (t2) 1.40 ± 0.54 1.51 ± 0.57 0.1074
12months (t3) 1.42 ± 0.53 1.40 ± 0.54 0.7811
p value t1 vs. t2 0.4562 0.5012
p value t2 vs. t3 0.4587 0.1075
p value t1 vs. t3 0.9982 0.4837

CAL
Baseline (t1) 3.08 ± 1.28 3.08 ± 1.22 0.9801
6months (t2) 0.87 ± 0.80 0.90 ± 0.82 0.9117

(Continues)
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SKIERSKA et al. 7

TABLE 1 (Continued)
Test group
(MCAT+HA+SCTG) Control group

(MCAT+SCTG) p value
12months (t3) 0.50 ± 0.85 0.57 ± 0.80 0.8993
p value t1 vs. t2 <0.0001 <0.0001
p value t2 vs. t3 0.1668 0.1195
p value t1 vs. t3 <0.0001 <0.0001

KTW
Baseline (t1) 2.80 ± 1.38 2.69 ± 1.28 0.8911
6months (t2) 3.54 ± 1.46 3.48 ± 1.32 0.9018
12months (t3) 3.57 ± 1.49 3.57 ± 1.26 0.8938
p value t1 vs. t2 0.1981 0.1761
p value t2 vs. t3 0.9244 0.9921
p value t1 vs. t3 0.2092 0.2100

KTW gain
Baseline (t1)
6months (t2) 0.67 ± 1.33 0.65 ± 1.35 0.9818
12months (t3) 0.68 ± 1.40 0.76 ± 1.36 0.5882
p value t1 vs. t2
p value t2 vs. t3 0.9822 0.7639
p value t1 vs. t3

GT
Baseline (t1) 1.68 ± 0.72 1.70 ± 0.75 0.9278
6months (t2) 2.74 ± 0.80 2.59 ± 0.68 0.8291
12months (t3) 2.54 ± 0.74 2.54 ± 0.67 0.9992
p value t1 vs. t2 0.0112* 0.0219*
p value t2 vs. t3 0.4511 0.
p value t1 vs. t3 0.0351* 0.3880*

GT gain
Baseline (t1)
6months (t2) 1.00 ± 0.99 0.80 ± 0.98 0.8111
12months (t3) 0.81 ± 0.79 0.77 ± 0.74 0.7862
p value t1 vs. t2
p value t2 vs. t3 0.4522 0.8992
p value t1 vs. t3

Abbreviations: CAL, clinical attachment level; CRC, complete root coverage; GRH, gingival recession height; GRred, gingival recession reduction; GT, gingival
thickness; HA, hyaluronic acid; KTW, keratinized tissue width; MCAT, modified coronally advanced tunnel; MRC, mean root coverage; PPD, probing pocket
depth; RW, recession width; SCTG, subepithelial connective tissue graft.
*Statistically significant (p ≤ 0.05).

MCAT+SCTG, p= 0.0091) (see Figure S1 in online Journal
of Periodontology). STT was verified by repeated measures
of variance with the subject as random effect. Conse-
quently, repeated measures of variance between treatment
groups were not observed (p = 0.3426).
No significant differencewasnoted betweenboth groups

with respect to gingival/contour and GR coverage, as mea-
sured by VAS values. PRO results were not significantly
different between the two therapies. When comparing
treatment modalities, the results of VAS assessments for

overall patient satisfaction were generally very positive.
Moreover, all surveyed patients declared that, given the
opportunity, they would repeat the surgery and recom-
mend it to others (see Table S4 in online Journal of
Periodontology).
In total, 34 biopsies from 17 patients were evaluated

microscopically.
In the sections stained with MT in both groups, the

overall number of collagen fibers was higher than in
normal mucosal connective tissue, which was expected
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8 SKIERSKA et al.

TABLE 2 Evaluation of esthetic outcomes after 6 and 12months (mean + SD).
GM MTC STT MGJ GC RES

SCTG+HA (test) t2 6months 5.73 ± 0.87 0.88 ± 0.32 0.94 ± 0.23 0.92 ± 0.28 0.98 ± 0.16 9.47 ± 1.00
SCTG (control) t2 6months 5.70 ± 1.12 0.83 ± 0.38 0.69 ± 0.46 0.86 ± 0.35 0.95 ± 0.22 9.04 ± 1.31
SCTG+HA (test) t3 12months 5.75 ± 0.83 0.90 ± 0.30 0.96 ± 0.20 0.92 ± 0.28 0.98 ± 0.14 9.51 ± 1.01
SCTG (control) t3 12months 5.78 ± 0.87 0.87 ± 0.34 0.73 ± 0.22 0.89 ± 0.31 0.98 ± 0.13 9.26 ± 1.10
p value
test vs. control
after 6months

0.9381 0.8991 0.0219* 0.4332 0.9111 0.7111

p value t2 vs. t3 0.9377 0.8738 0.0029* 0.5637 0.9183 0.8192
p value
test vs. control
after 12months

0.9491 0.9271 0.0091* 0.7703 0.9981 0.7292

Abbreviations: GC, gingival color; GM, gingival margin; HA, hyaluronic acid; MGJ, mucogingival junction alignment; MTC, marginal tissue contour; RES, root
coverage esthetic score; SCTG, subepithelial connective tissue graft; STT, soft tissue texture.
*Statistically significant (p ≤ 0.05).

TABLE 3 Comparison of histochemical stain results (mean + SD).
Test group
(MCAT+SCTG+HA) Control group

(MCAT+SCTG) p value
Masson’s trichrome, n (%) 0.3000
Low collagen density 6 (35.30) 9 (52.90)
High collagen density 11 (64.70) 8 (47.10)

Verhoeff–Van Gieson, n (%) 0.0419
Absent or low number of elastic fibers 5 (29.40) 10 (58.80)
Large number of elastic fibers 12 (70.60) 7 (41.20)

Alcian blue, n (%) 0.7316
Small amount of matrix mucopolysaccharides 8 (47.10) 9 (52.90)
Large amount of matrix mucopolysaccharides 9 (52.90) 8 (47.10)

Abbreviations: HA, hyaluronic acid; MCAT, modified coronally advanced tunnel; SCTG, subepithelial connective tissue graft.

as regenerative processes after the surgical procedure
led to the formation of scar tissue. A trend of increased
density of the collagen network in the study group (11/17
biopsies graded ++) when compared to the control group
(8/17 biopsies graded ++) was noted; however, it was not
statistically significant (Table 3, Figure 2).
Histological evaluation of sections stained with

Verhoeff–Van Gieson’s stain showed that in the test group
elastic fibers were present in moderate to high amount
(++) in 12 out of 17 biopsies; only 5 biopsies showed
no or very few elastic fibers (+). In the control group,
the elastic fibers were conspicuous (++) in 7 out of 17
biopsies and they were absent or scarce (+) in 10 biopsies.
These differences were found to be statistically significant
(Figure 3).
The assessment of the slides stained with AB showed a

very similar amount and distribution of mucopolysaccha-
rides in both the test and control groups.

4 DISCUSSION

The objective of this randomized, split-mouth, double-
masked, controlled clinical trial was to clinically and
histologically evaluate the effect of the adjunctive applica-
tion of HA to MCAT+SCTG in the treatment of multiple
recession Type 1 (RT1) and RT2 recessions over a period
of 12 months. To the best of our knowledge, this is the
first truly randomized controlled trial analyzing the addi-
tional benefits of the application of cross-linked HA in
humans, but the outcomes observed in the test sides were
not better than in the control sides. In the test sides, 12-
month MRC was 84.32%, while in the control sides, it was
85.71% (p = 0.9910). Overall, both therapies produced high
esthetic outcomes as the mean RES was 9.51 in the sides
treated with HA+SCTG and 9.26 in the sides treated with
SCTG alone. However, the application of HA improved
STT (p = 0.0091).
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SKIERSKA et al. 9

F IGURE 2 Examples of hematoxylin and eosin (H&E) and histochemical stains of sections made from one control group biopsy (left
column) and one test group biopsy (right column). (A, B) Routine H&E stain shows no apparent differences in mucosal morphology between
control and test groups. (C, D) Masson’s trichrome stain shows increased density of collagen network in both control and test groups. (E, F) In
Verhoeff–Van Gieson’s stain, a high number of elastic fibers is seen in test group section (marked with arrows); in control group section elastic
fibers are absent. (G, H) Alcian blue stain highlights a large amount of mucopolysaccharides in control group section (marked with arrows)
and only a small amount in test group section. Original magnification in photomicrographs: 15×.
While several studies analyzed the effectiveness of vari-

ous biologicals in enhancing the outcomes of surgical GR
treatment, little data are available regarding the adjunctive
application of HA. Nandanwar et al.28 observed that there
was a statistically significant difference in MRC in the test
group (92.9% ± 13.5%), where HA (Hyaloss matrix) was
used in conjunction with bioabsorbable membrane-like
polylactic/polyglycolic acid in comparison to the control
group (84.0% ± 21.7%), where SCTG was placed alone. In
a study by Kumar et al.,13 linear HA (Gengigel 0.2% gel)
was applied to coronally advanced flaps (CAF) in the test
group; no statistically significant difference in MRC and
complete root coverage (CRC) between experimental and

control groups were found after 24 weeks. Pilloni et al.30
observed an MRC of 93.8% ± 13.0% for the sides treated
with CAF+HA and 73.1% ± 20.8% for the control sides
(p< 0.05). Presumably, the use of a formulation consisting
of both 1.6% cross-linked HA and 0.2% linear HA (Hyadent
BG, Regedent) provided a significant improvement over
CAF alone. Guldener et al.31 evaluated the healing of
single mandibular GR treated either with MCAT or later-
ally closed tunnel (LCT) combined with HA and SCTG.
Accordingly,MRCwas 96.09%,CRCwas achieved in 50%of
GR, and KTW increased from 1.6± 0.8mm to 4.9± 1.3mm
(p< 0.0001). Similar results were observed in another case
series focusing onmultiple RT1 andRT2.26However, in the
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10 SKIERSKA et al.

F IGURE 3 Comparison of elastic fiber network in control
group biopsy section (A) and study group biopsy section (B).
Verhoeff–Van Gieson stains elastic fibers black allowing
visualization of elastin-rich extracellular matrix in study group
mucosal sample (B, marked with arrows). Original magnification in
photomicrographs: 20×.
absence of a control group, no objective conclusions could
be drawn regarding the clinical benefit of using HA.
In the present study, RES evaluation revealed very high

scores in terms of both tests and controls. The results are
consistent with those published in previous MCAT studies
and the conclusions of recent systematic reviews andmeta-
analyses.9,5,34 An interesting finding from the current
trial is that the additional application of HA appeared to
enhance STT. Different results of this parameter could be
related to specific biological mechanisms triggered by HA
during the healing process. Whether the observed differ-
ence in tissue characteristics between treatmentmodalities
is indeed clinically relevant remains a matter of judg-
ment. However, this finding may support the beneficial
role of HA application in the healing sequelae. It seems
not unreasonable to hypothesize that the use of HA may
reduce soft tissue scarring. It was previously demonstrated
that HA enhanced scarless wound healing by promoting
the expression of genes encoding Type III collagen and
TGF-β3.19
Although the body of literature on surgical treatment of

GR is now vast, only a few studies have reported on his-
tological data.24,35–37 Histological evaluations of sections
stained with Verhoeff–Van Gieson’s stain showed a signif-
icantly greater number of elastic fibers visible in mucosal

biopsy samples taken from the test sides when compared
to the control sides (p = 0.0419). We also observed a mod-
erate but not statistically significant increase in collagen
fiber density in test group samples. The separation between
the connective tissue of the graft and the connective tis-
sue of the flap was not clear. It may be inferred that the
impact of HA was likely to be two-dimensional, both on
the cell populations composing SCTG itself and on the cells
composing the tissues located nearby the graft. Although
speculative, the histological findings of the present study
might possibly affect observed improvements in STT in the
test sides. This is the first RCT that evidenced tissue mor-
phogenesis by HA application in surgical treatment of GR,
and for this reason, we could not compare our data with
the existing literature. Quite recently Di Domenico et al.37
evaluated histological changes in the gingival dimensions
following multiple CAF with selective use of SCTG. They
reported that collagen fibers were denser in the palatal
graft than the gingival flap. However, unlike in our study,
there was always a clear contrast between the palatal
graft and the gingival flap. Moreover, the areas of exposed
grafts showed an increase in collagen fibers. It is impor-
tant to underline that in our study no SCTG was exposed,
which may explain why we did not observe the increase
in KTW. When used to treat GR, SCTG provided a repair
outcome with long junctional epithelium and connective
tissue attachment.31 Periodontal regeneration by new con-
nective tissue, cementum, and bone was demonstrated to
be achieved with EMD+CAF.38,39 By the same token, HA
affected the expression of both mineralized tissue mark-
ers and cementoblast-specific genes in vitro, which led to
the conclusion that by inducing cementogenesis HAmight
help in periodontal tissue regeneration.40 However, until
less invasive methods for assessing periodontal regenera-
tion are devised, human histologymay not be feasible to be
carried out to confirm or dispute the laboratory findings.
From a biological standpoint, the moderate increase in

collagen fiber density and the prominent elastin network
in mucosa injected with HA might be explained by two
phenomena. First,HAcan interactwith several cell surface
receptors triggering a variety of signaling pathways con-
trolling cells such as macrophages and fibroblasts.41,42 HA
facilitated interaction between CD44 and EGFR, thus pro-
moting MAPK/ERK phosphorylation and inducing TGF-
β1-dependent fibroblast proliferation.43 Cross-linked HA
was found to stimulate the TGF-β/Smad pathway in fibrob-
lasts at the site of biopsy causing them to produce collagen
fibers as well as elastin and fibrillin components of elas-
tic fibers.20,44 Second, HA can bind to elastic fibers already
present in normal mucosa preventing them from lysis and
degradation caused by neutrophils and macrophages.45
This protective role of HA has been extensively investi-
gated in various medical indications, and there is evidence
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suggesting that HA can be effective in preventing lung
diseases associated with elastic fiber injury.46,47 Taken
together with the findings from our study, it is not clear
how the observed effects of HA on histological composi-
tionmight attribute to the long-term results, but this aspect
deserves further investigation.
As with any study, it is important to acknowledge the

limitations of the present RCT. First, the split-mouth
design of this trial removed a lot of interindividual vari-
ability from the estimates of the treatment outcome.
However, the main issue stemming from such a design is
the carry-across effect.48 It was already implied that this
phenomenon may have a downward biased effect on the
difference in treatment outcomes. To limit the influence of
the carry-over effect, both sides of the mouth were treated
during a single surgery. Second, the selection of patients
was restricted to subjects with multiple and symmetri-
cal GR. Such recruitment may lead to some inherent bias
toward patients with a higher risk of GR, which in turn
may limit the external validity of the presented results.
Finally, only a single formulation of HA was used. Besides
these limitations the results were sound and in line with
the outcomes of other studies published in recent years.
However, it is vital to bear in mind that this is the first RCT
assessing the effects of surgical treatment of multiple GR
usingMCATwith HA and SCTG; therefore, no direct com-
parisons with other studies were possible. The presented
results can be used as an initial reference point for further
trials.
To resolve the previously mentioned limitations, fur-

ther research is required. It would also be advantageous to
determine the optimal chemical concentration, biomolec-
ular structure, timing, and application method of HA to
attainmore predictable outcomes ofmultiple GR coverage.
To eliminate the carry-across effect, it may be advisable
to implement the parallel-group design in future clinical
trials.

5 CONCLUSIONS

Within its limitations, the present study indicated that
the treatment of multiple RT1 and RT2 recessions using
MCAT+SCTG,with orwithout the addition of cross-linked
HA, yielded comparable clinical improvements over a
period of 12months. The adjunctive application of HA sig-
nificantly enhanced STT. Furthermore, this study provides
novel histological evidence, suggesting that HA promotes
a moderate increase in collagen fiber density and a signif-
icant improvement in the elastic fiber network. It remains
to be seen whether the observed histological changes will
be reflected in long-term outcomes.
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Abstract: Objectives: This study aimed to investigate factors that influence the 12-month outcomes
after the treatment of multiple gingival recessions (GRs) with a modified coronally advanced
tunnel (MCAT) and a subepithelial connective tissue graft (SCTG), with cross-linked hyaluronic
acid (HA, tests) or without (controls). Materials and Methods: Twenty-four patients with 266 GRs
were treated. A logistic regression model was set to identify the baseline parameters that could
predict the 12-month outcomes. The study protocol was registered at ClinicalTrials.gov (ID No.
NCT05045586). Results: The evaluated clinical and esthetic parameters showed marked improve-
ment in both groups without any statistically significant differences between the groups, with the
exception of the soft tissue texture (STT). The STT was in favor of the HA group (0.96 versus 0.73,
p = 0.0091). The likelihood of an MRC > 85%, of achieving CRC, and of gaining an RES = 10 was
the highest for the incisors (reference group) and the lowest for the molars (OR = 0.046, p = 0.005).
With each 1 mm increase in the baseline clinical attachment level, the odds of failure (MRC < 85%,
not achieving CRC) increased, whereas each 1 mm increase in the baseline keratinized tissue width
(KTW) improved the chances of an MRC > 85%, of achieving CRC, and of gaining an RES = 10.
The application of HA increased the likelihood of a perfect RES more than twofold (OR = 2.683,
p = 0.001). Conclusions: The application of HA improved the 12-month esthetic outcomes after
the treatment of GRs with the MCAT technique. The baseline CAL, KTW, and tooth type predicted
the 12-month MRC, CRC, and RES. An evaluation of the baseline characteristics of the surgical
area might help clinicians develop individualized treatment plans.

Keywords: esthetics; hyaluronic acid; logistic regression; modified coronally advanced tunnel
technique; multiple gingival recessions; subepithelial connective tissue graft

1. Introduction
The apical migration of the gingival margin (GM) relative to the cementoenamel

junction (CEJ) is described as a gingival recession (GR) [1]. GRs affect both younger
and older populations, with a prevalence of up to 70% in individuals aged >50 years [2].
Based on the interproximal clinical attachment loss, GRs are classified into recession type 1
(RT1), with no loss of interdental attachment; recession type 2 (RT2), when the interdental
attachment loss is smaller than the buccal attachment loss; and recession type 3 (RT3), when
the interdental attachment loss is greater than the buccal attachment loss [3]. GRs may lead
to an impaired esthetic appearance, suboptimal plaque control, caries and/or non-carious
cervical lesions, and teeth hypersensitivity [4].
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Several surgical techniques have been introduced for the treatment of GRs, with an au-
togenous subepithelial connective tissue graft (SCTG) being used as the “gold standard” [5].
A recent systematic review showed a high efficiency for the modified coronally advanced
tunnel technique (MCAT), as evidenced by a mean root coverage (MRC) of 87.87 ± 16.45%
for multiple GRs and of 82.75 ± 19.7% for single GRs [6]. Another network meta-analysis
found that the tunnel technique was significantly associated with a higher root cover-
age esthetic score (RES) than a coronally advanced flap (CAF) (0.84 [95% CI = 0.15–1.53];
p = 0.01) [7]. Due to a limited flap extension and a lack of vertical incisions, an MCAT
offers several benefits, such as improved blood supply and graft nutrition, faster healing,
and reduced postoperative morbidity [7,8]. Even though multiple GRs anatomically and
technically are more difficult to treat, an SCTG combined with an MCAT has been suggested
as a safe, predictable, and highly effective surgical approach [9–11].

With the aim of improving soft tissue healing in GR treatments, different biomaterials
have been studied, among which an acellular dermal matrix (ADM) graft, a porcine-derived
collagen matrix (XDM), an enamel matrix derivative, a platelet-rich fibrin membrane (PRF),
and hyaluronic acid (HA) attracted particular attention [12–15]. HA is a multifunctional
natural biopolymer, a linear glycosaminoglycan (GAG) composed of disaccharides con-
taining glucuronic acid and N-acetylglucosamine, which is a paramount constituent of
the extracellular matrix [16,17]. It is well known for its antibacterial, antifungal, and anti-
inflammatory properties, in addition to its angiogenic and homeostatic effects that enhance
wound healing in a wide range of human tissues, including periodontal tissues [18]. A re-
cently published systematic review on the additional benefit of HA in the surgical treatment
of GRs concluded that there was an advantageous effect on the clinical outcomes in the
short term [19]. The overall magnitude, however, was limited, owing to large heterogeneity
among the surgical modalities, commercial formulations, and application methods of HA.

The favorable outcomes of periodontal plastic procedures bank on a plethora of
various parameters. The possible factors potentially associated with the clinical outcomes
after the surgical treatment of GRs can be divided into patient-related (plaque control,
smoking, general health, compliance), local (recession height and width, presence of
keratinized tissue, gingival thickness, loss of interproximal attachment, tooth type and
tooth location, presence of scars and frenula), and surgical-related (flap design, root surface
biomodification, type of graft, flap tension) [20–22]. All of these factors should be taken into
account in the clinical setting. To the best of the authors’ knowledge, no studies have yet
evaluated site-specific characteristics that might predict the results after the root coverage
of multiple RT1 and RT2 recessions with an MCAT, an SCTG, and HA. Therefore, the aim
of this article was to identify potential preoperative predictors of the clinical and esthetic
outcomes 12 months after the treatment of multiple GRs with an MCAT, an SCTG, and HA.

2. Materials and Methods
2.1. Study Design

This study was conducted as a split-mouth, double-blinded, controlled trial (RCT).
It was carried out in accordance with the Declaration of Helsinki, and approved by the
Ethics Committee of the Medical University of Warsaw (approval No. KB/119/2021). The
study was registered in ClinicalTrials.gov (NCT05045586). All the patients signed informed
consent forms prior to the treatment. The patients and researchers who participated in the
study were blinded to the allocation of defects to the tested interventions.

This is a secondary analysis of the data derived from a study published elsewhere [23].
This manuscript was prepared in line with the CONSORT guidelines.

2.2. Sample Size Calculation
The sample size calculation applied prior to the recruitment was based on the primary

outcome of the mean root coverage (MRC). The expected mean difference was 8.92% and
the expected standard deviation was 7.39% per group [24]. Twelve subjects per group
were required to detect an 8.92% difference between the groups, assuming 80% power
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and ↵ = 0.05. Considering the availability of cases, the final sample size was decided to be
24 patients.

2.3. Study Endpoints
The primary endpoint was the mean root coverage (MRC) at 12 months [25]. The

secondary endpoints were the GR reduction, the clinical attachment level (CAL) gain, the
keratinized tissue thickness (KTW) increase, the gingival thickness (GT) increase, and the
RES score [25].

2.4. Study Sample
Subject recruitment started in April 2021 and finalized in May 2022 among patients

referred to the Department of Periodontology and Oral Mucosa Diseases of the Medical
University of Warsaw (Figure 1). Systematically healthy subjects who were eighteen
years old or older were selected to participate in the RCT if they were diagnosed with
multiple gingival recessions of RT1 and/or RT2 that were at least 1 mm deep with a
detectable CEJ [3]. They had to demonstrate good oral hygiene (full-mouth plaque < 15%
and full-mouth bleeding on probing < 15%) [26]. The exclusion criteria were as follows:
(1) gingival recessions of type III (RT3); (2) a systematic disease that compromises wound
healing or hemostasis (e.g., tumors, cardiovascular diseases, uncontrolled diabetes mellitus);
(4) infectious diseases (hepatitis, tuberculosis, HIV); (4) caries lesions or restorations in the
cervical area; (5) untreated periodontal conditions; (6) the use of medications affecting
periodontal status (anti-inflammatory, antibiotic, anti-resorptive, or immunosuppressive
medications, or phenytoin); (7) smoking; (8) drug and alcohol abuse; and (9) pregnancy or
lactation [9,26].
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2.6. Surgical Intervention
All the procedures were performed by one surgeon (BG). Both sides were treated

during the same appointment. After local anesthesia, the surgical area was prepared
according to the modified coronally advanced tunnel technique [27]. Briefly, up to the
MGJ, a full-thickness flap was prepared with a small elevator, and above the MGJ, a split-
thickness flap was dissected. The papillae were detached in their buccal aspects with
the periosteum. Gentle root planing was performed with a Gracey curette. In the next
step, a free gingival graft was harvested from the palate and deepithelialized outside the
mouth to an SCTG [28]. The length of the SCTG depended on the prepared tunnel; a width
of 4 mm and a thickness of less than 1 mm was aimed for. The donor site was covered
with a hemostatic collagen sponge secured with mattress sutures (Seralon 4/0 18 mm
3/8, Serag-Wiessner GmbH & Co. KG, Naila, Germany). For the test side, cross-linked
hyaluronic acid (HA, hyaDENT BG, Bioscience, Germany) was applied under the flap
onto the root surface according to the manufacturer’s recommendations [29]. The SCTG
was inserted into the tunnel and positioned at the CEJ level with resorbable sling sutures
(PGA Resorba 6/0 11 mm 3/8, RESORBA Medical GmBH, Nürnberg, Germany), and HA
was applied to the entire surface of the SCTG [29]. The SCTG was fully covered with
the coronally advanced flap stabilized with non-resorbable monofilament sling sutures
(Seralon 6/0 12 mm 3/8, Serag-Wiessner GmbH & Co. KG, Naila, Germany). The control
side was treated in the same manner, but without the HA application.

After surgery, the patients were given 400 mg of ibuprofen and were instructed to
take the second dose 8 h later [30]. They were asked to rinse twice daily with a 0.12%
chlorhexidine digluconate solution for the first 3 weeks and to avoid toothbrushing and
flossing. A total of 14 days after the surgery, the sutures were removed. Oral and written
instructions were given to the patients. The patients were scheduled for recall appointments
at 1, 3, 6, and 12 months. The clinical outcomes in one patient are shown in Figure 2.
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2.7. Clinical Outcomes
The clinical parameters were assessed by one calibrated and blinded examiner (IS) at

baseline and 12 months after the surgery. The examiner recorded the gingival recession
height (GRH), recession width (RW), probing pocket depth (PPD), CAL, KTW, and GT in
eight patients with at least four contralateral GRs who did not participate in the present
study [9]. Two sets of measurements were performed 24 h apart. The intra-examiner intra-
class correlation coefficient was 0.921 (95% CI: 0.894–0.939) for the GRH, 0.889 (0.830–0.914)
for the RW, 0.902 (0.863–0.928) for the PPD, 0.893 (0.845–0.922) for the CAL, and 0.898
(0.850–0.927) for the KTW.

The following clinical measurements were recorded: (1) the gingival recession height
(GRH)—the distance between the CEJ and the GM on the mid-buccal side [9]; (2) the
recession width (RW)—the horizontal distance between the mesial and distal margins of
the recession at the CEJ [9]; (3) the probing pocket depth (PPD)—the distance between
the GM and the bottom of the pocket [9]; (4) the clinical attachment level (CAL)—the
distance between the CEJ and the bottom of the pocket [9]; (5) the keratinized tissue width
(KTW)—the distance between the GM and the MGJ [9]; and (6) the gingival thickness (GT),
measured at the mid-buccal point of the tooth 3 mm apically from the GM [9].

A periodontal probe (PCP UNC 15; Hu-Friedy, Chicago, Illinois, USA) was used to
measure the GR, RW, PPD, CAL, and KTW. The measurements were rounded down to the
nearest half millimeter. The GT was evaluated using an endodontic file, 25 ISO (Poldent,
Warsaw, Poland), with a stopper positioned perpendicularly to the gingiva until the surface
of alveolar bone was reached. The distance between the tip of the file and the stopper
was recorded using an electronic caliper with an accuracy of 0.01 (YATO YT-7201; Toya,
Wrocław, Poland). The clinical parameters were registered at baseline and 12 months
post-operatively.

The esthetic outcomes were assessed 12 months after the surgery by a single-
blinded investigator (MS) in accordance with the RES [7,31]. The five constituents
of the RES were evaluated: (1) the gingival margin (GM): 0 points—root coverage failure,
3 points—partial root coverage, 6 points—complete root coverage; (2) the marginal
tissue contour (MTC): 0 points—irregular gingival contour, not following the CEJ and
1 point—scalloped gingival contour, following the CEJ; (3) the soft tissue texture (STT):
0 points—the presence of scars and 1 point—the absence of scars; (4) the mucogingi-
val junction (MGJ): 0 points—the MGJ not aligned with the MGJ of adjacent teeth and
1 point—the MGJ aligned with the MGJ of adjacent teeth; and (5) the gingival color (GC):
0 points—the color mismatches adjacent teeth and 1 point—the color matches adjacent
teeth. The ideal maximum esthetic score was 10.

2.8. Statistical Analysis
The results were presented using mean values, standard deviations (SD), percentages,

and frequencies. The Shapiro–Wilk test confirmed that the data set was normally distributed.
Consequently, Student’s t-test was used for comparing the means, while Pearson’s chi-square
test was used to compare fractions of the test and control groups. The following parameters
were calculated: (1) the mean root coverage (MRC) = GR0 – GR12/GR0 ⇥ 100%; (2) the GR
reduction = GR0 – GR12; (3) the CAL gain = CAL0 – CAL 12; (4) the KTW gain = KTW12 –
KTW0; and (5) the GT gain = GT12 – GT0.

To determine the predictive values of the preoperative factors for the 12-month out-
comes, logistic regression models were created as follows: (1) MRC: 85%—low group
and >85%—high group; (2) complete root coverage (CRC): binary variable; (3) RES: 9
—low group and 10—high group; (4) KTW gain: 3 mm—low group and >3 mm—high
group; (5) GT gain: 2 mm—low group and >2 mm—high group [32]. As independent
variables, the HA application, tooth type (incisor/canine/premolar/molar), tooth position
(maxilla/mandible), PPD, CAL, GRH, RW, KTW, GT, and recession type pre-operatively
were used. All of the abovementioned parameters were analyzed with univariate logistic
regression models. Next, multivariate logistic regression models were constructed using
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the stepwise forward technique, and V-fold cross-validation was performed, reporting the
parameters of the training and testing curves. The goodness of fit was assessed by the
Hosmer–Lemeshow test (where p > 0.05 means good fitness). Also, a multidimensional
correspondence analysis was performed to confirm the relationship between the qualitative
variables. The statistical significance was set at ↵ = 0.05 and all the analyses were carried
out with the Statistica Software, version 13.3 (Statsoft, Cracow, Poland).

3. Results
Twenty-four patients (19 females and 5 males aged between 19 and 50, with a mean age

of 32.54 ± 6.67 years) with multiple symmetrical recession defects were enrolled in the study,
all of whom were evaluated after 1 year. A total of 266 GRs (210 recessions in the maxilla
and 56 in the mandible) were treated. Healing was uneventful and none of the patients
developed any significant complications or allergic reactions. The initial characteristics of
the treated sites are presented in Table 1, showing a well-balanced distribution between the
treatment groups.

Table 1. Initial characteristics of the test and control groups.

Variables Test Group (SCTG + HA)
(N = 24, n = 133)

Control Group (SCTG)
(N = 24, n = 133)

Gender (n)
Women

Men
19
5

19
5

Tooth type (n)
Incisors
Canines

Premolars
Molars

42
23
45
23

42
23
45
23

Tooth position (n)
Maxillary teeth

Mandibular teeth
108
25

105
28

Type of GR (n,%)
RT1
RT2

59 (44%)
74 (56%)

54 (41%)
79 (59%)

GR—gingival recession; HA—hyaluronic acid; N—number of patients; n—number of recessions; RT—recession
type; SCTG—subepithelial connective tissue graft.

The mean difference for the primary endpoint was not statistically significant. After
12 months, the MRC was 84.32% for the HA + SCTG group and 85.71% for the SCTG group
(p = 0.9910). Both groups demonstrated significant improvements in all the evaluated sec-
ondary endpoints, namely the GR reduction, CAL gain, GT gain, and KTW gain endpoints.
None of the differences between the groups were statistically significant (Table 2).

Both groups achieved favorable esthetics. The overall RES values did not show
statistically significant differences between the treatment arms (Table 3). The application of
HA resulted in the achievement of a significantly higher value for the soft tissue texture
(STT) (0.96 ± 0.20 for MCAT + HA + SCTG vs. 0.73 ± 0.22 for MCAT + SCTG, respectively).
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Table 2. Clinical parameters (mean + SD) at baseline and 12 months post-operative.

Baseline 12 Months
Post-Operative p (Baseline–1 Year)

MRC for SCTG + HA
MRC for SCTG

p (test vs. control)

84.32 ± 34.46
85.71 ± 36.43

0.9910
CRC for SCTG + HA

CRC for SCTG
p (test vs. control)

92.12 ± 28.14
94.61 ± 24.71

0.8994
GRH for SCTG + HA

GRH for SCTG
p (test vs. control)

1.77 ± 1.13
1.67 ± 1.12

0.8121

0.12 ± 0.48
0.08 ± 0.39

0.9983

<0.0001
<0.0001

GR red for SCTG+HA
GR red for SCTG
p (test vs. control)

1.65 ± 1.09
1.59 ± 1.14

0.9205

<0.0001
<0.0001

RW for SCTG + HA
RW for SCTG

p (test vs. control)

3.24 ± 1.8
3.32 ± 1.82

0.9881

0.35 ± 1.29
0.25 ± 1.09

0.2332

<0.0001
<0.0001

PPD for SCTG + HA
PPD for SCTG

p (test vs. control)

1.42 ± 0.54
1.49 ± 0.57

0.3112

1.42 ± 0.53
1.49 ± 0.54

0.7811

0.9982
0.4837

CAL for SCTG + HA
CAL for SCTG

p (test vs. control)

3.08 ± 1.28
3.08 ± 1.22

0.9801

0.50 ± 0.85
0.57 ± 0.80

0.8993

<0.0001
<0.0001

KTW for SCTG + HA
KTW for SCTG

p (test vs. control)

2.80 ± 1.38
2.69 ± 1.28

0.8911

3.57 ± 1.49
3.57 ± 1.26

0.8938

0.2092
0.2100

KTW gain for SCTG +
HA

KTW gain for SCTG
p (test vs. control)

0.68 ± 1.40
0.76 ± 1.36

0.5882

GT for SCTG + HA
GT for SCTG

p (test vs. control)

1.68 ± 0.72
1.70 ± 0.75

0.9278

2.54 ± 0.74
2.54 ± 0.67

0.9992

0.0351
0.0388

GT gain for SCTG +
HA

GT gain for SCTG
p (test vs. control)

0.81 ± 0.79
0.77 ± 0.74

0.7862

CAL—clinical attachment level; CRC—complete root coverage; GRH—gingival recession height; GR red - gingival
recession reduction; GT—gingival thickness; HA—hyaluronic acid; KTW—keratinized tissue width; MRC—mean
root coverage; PPD—probing pocket depth; RW—recession width; SCTG—subepithelial connective tissue graft.

Table 3. Esthetic outcomes (mean + SD) 12 months after surgery.

GM MTC STT MGJ GC RES

SCTG + HA
SCTG

p (test vs.
control)

5.75 ± 0.83
5.78 ± 0.87

0.9491

0.90 ± 0.30
0.87 ± 0.34

0.9271

0.96 ± 0.20
0.73 ± 0.22

0.0091

0.92 ± 0.28
0.89 ± 0.31

0.7703

0.98 ± 0.14
0.98 ± 0.13

0.9981

9.51 ± 1.01
9.26 ± 1.10

0.7292

GC—gingival color; GM—gingival margin; HA—hyaluronic acid; MGJ—mucogingival junction alignment;
MTC—marginal tissue contour; RES—root coverage esthetic score; SCTG—subepithelial connective tissue graft;
STT—soft tissue texture.

For univariate logistic regression, the significant predictors are shown in Table 4. For
both the MRC and CRC, identical results were obtained. The 12-month clinical effects
of the procedure differed significantly between the types of teeth; the best results were
achieved for the incisors (reference group) and the weakest were achieved for the molars
(OR = 0.031, p = 0.001). As for the evaluated periodontal parameters, all showed significant
predictive effects. The higher the values of the baseline PPD, CAL, GRH, or RW, the worse
the clinical outcomes. A similar relationship was found for the GT (OR = 0.550, p = 0.048)
and the opposite for the KTW (OR = 1.644, p = 0.028). For the KTW gain and GT gain,
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only one significantly negative prognostic factor was determined, the RW (OR = 0.477,
p = 0.028) and the GT (OR = 0.072, p < 0.001) at baseline, respectively. In the context of the
RES, it was found that the HA application significantly improved the 12-month clinical
outcomes by nearly 2.5 times (OR = 2.477, p = 0.001). In this respect, both canines and
molars demonstrated significantly worse effects compared to incisors. Again, a higher RW
suggested significantly worse outcomes (OR = 0.813, p = 0.021), while a higher KTW was
associated with better outcomes (OR = 1.353, pe = 0.008).

Table 4. Significant predictors in univariate logistic regression modelling.

Treatment
Outcome Predictor Category or Unit OR [95% CI] p

MRC 85% Tooth type

incisor
canine

premolar
molar

reference
0.313 [0.028–3.565]
0.597 [0.053–6.730]
0.031 [0.004–0.249]

0.350
0.676
0.001

PPD 1 mm 0.378 [0.160–0.893] 0.027
CAL 1 mm 0.348 [0.199–0.609] <0.0001
GRH 1 mm 0.569 [0.380–0.852] 0.006
RW 1 mm 0.458 [0.335–0.626] <0.0001

KTW 1 mm 1.644 [1.054–2.565] 0.028
GT 1 mm 0.550 [0.304–0.995] 0.048

CRC Tooth type

incisor
canine

premolar
molar

reference
0.313 [0.028–3.565]
0.597 [0.053–6.730]
0.031 [0.004–0.249]

0.350
0.676
0.001

PPD 1 mm 0.378 [0.160–0.893] 0.027
CAL 1 mm 0.348 [0.199–0.609] <0.001
GRH 1 mm 0.569 [0.380–0.852] 0.006
RW 1 mm 0.458 [0.335–0.626] <0.001

KTW 1 mm 1.644 [1.054–2.565] 0.028
GT 1 mm 0.550 [0.304–0.995] 0.048

RES HA no
yes

reference
2.477 [1.433–4.282] 0.001

Tooth type

incisor
canine

premolar
molar

reference
0.347 [0.158–0.765]
1.210 [0.589–2.486]
0.341 [0.151–0.768]

0.009
0.603
0.009

RW 1 mm 0.813 [0.682–0.969] 0.021
KTW 1 mm 1.353 [1.081–1.693] 0.008

KTW gain RW 1 mm 0.447 [0.201] 0.048
GT gain GT 1 mm 0.072 [0.019–0.275] <0.0001

CAL—clinical attachment level; CI—confidence interval; CRC—complete root coverage; GRH—gingival reces-
sion height; GT—gingival thickness; HA—hyaluronic acid; KTW—keratinized tissue width; MRC—mean root
coverage; OR—odds ratio; PPD—probing pocket depth; RES—root coverage esthetic score; RW—recession width;
SCTG—subepithelial connective tissue graft.

In multivariate logistic regression modelling, stepwise forward models for four param-
eters (MRC, GT gain, RES, and CRC) with a very good quality of fit were obtained (Table 5).
Again, the results for the MRC and CRC turned out to be identical. The prognosis in
terms of these parameters allowed for the best assessment of a set of periodontal variables,
including the CAL, KTW, and tooth type. In the case of the GT gain, in addition to the
baseline GT, the PPD was included in the model. With respect to the RES, the positive
12-month clinical outcomes were influenced by both the type of tooth (incisor or premolar)
and the application of HA and a higher baseline KTW.

Additionally, a multidimensional correspondence analysis for the RES was carried out,
as this was the only parameter for which the HA application was a significant predictor.
Decisions on the number of MCA dimensions were made based on the scree plot. This
analysis confirmed that an HA application was associated with a better 12-month RES.
Also, the maxillary premolars seemed to be characterized by improved clinical outcomes
(Figure 3). Detailed point parameters are reported in Table 6.
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Table 5. Multivariate models based on stepwise forward logistic regression.

Model Treatment
Outcome

Goodness of Fit
(p-Value for

Hosmer–Lemeshow)
Predictor Category or Unit OR [95% CI] p

Model I MRC 85% 0.618 Tooth type

incisor
canine

premolar
molar

reference
0.560 [0.045–6.968]
0.964 [0.080–11.568]
0.046 [0.005–0.389]

0.652
0.977
0.005

CAL 1 mm 0.396 [0.202–0.776] 0.007

KTW 1 mm 1.698 [1.004–2.872] 0.048

Model II CRC 0.618 Tooth type

incisor
canine

premolar
molar

reference
0.560 [0.045–6.968]
0.964 [0.080–11.568]
0.046 [0.005–0.389]

0.652
0.977
0.005

CAL 1 mm 0.396 [0.202–0.776] 0.007

KTW 1 mm 1.698 [1.004–2.872] 0.048

Model III RES 0.743 HA no
yes

reference
2.683 [1.495–4.814] 0.001

Tooth type

incisor
canine

premolar
molar

reference
0.402 [0.173–0.936]
1.570 [0.720–3.425]
0.374 [0.158–0.885]

0.035
0.257
0.025

KTW 1 mm 1.378 [1.070–1.776] 0.013

Model IV GT gain 0.239 GT 1 mm 0.055 [0.013–0.231] <0.0001

PPD 1 mm 3.271 [1.318–8.119] 0.011

CAL—clinical attachment level; CI—confidence interval; CRC—complete root coverage; GRH—gingival reces-
sion height; GT—gingival thickness; HA—hyaluronic acid; KTW—keratinized tissue width; MRC—mean root
coverage; OR—odds ratio; PPD—probing pocket depth; RES—root coverage esthetic score; RW—recession width;
SCTG—subepithelial connective tissue graft.
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Table 6. Detailed parameters of determined points in multidimensional correspondence analysis for
12-month RES and potential qualitative predictors.

x y Quality Relative
Inertia x Inertia x cos2 y Inertia y cos2

Group: SCTG + HA �0.503 0.370 0.397 0.083 0.095 0.258 0.065 0.139
Group: SCTG 0.512 �0.377 0.397 0.084 0.097 0.258 0.066 0.139

Tooth type: incisor 0.300 0.867 0.345 0.118 0.019 0.037 0.204 0.308
Tooth type: canine �0.833 �0.289 0.180 0.135 0.097 0.161 0.015 0.019

Tooth type: premolar 0.612 �0.042 0.203 0.108 0.097 0.202 0.001 0.001
Tooth type: molar �0.848 �1.071 0.385 0.138 0.091 0.148 0.183 0.237

Site: maxilla 0.017 �0.358 0.496 0.034 0.0001 0.001 0.095 0.495
Site: mandible �0.066 1.385 0.496 0.132 0.001 0.001 0.368 0.495

RES: 0 �1.070 0.085 0.682 0.105 0.316 0.678 0.003 0.004
RES: 1 0.633 �0.050 0.682 0.062 0.187 0.678 0.001 0.004

HA—hyaluronic acid; RES—root coverage esthetic score; SCTG—subepithelial connective tissue graft.

4. Discussion
The present RCT compared the 12-month clinical outcomes after the treatment of

multiple RT1 and RT2 recessions using an MCAT with cross-linked HA (tests) or without
(controls). Both treatments generated comparable clinical and esthetic results. The only
statistical difference between the groups was found in the soft tissue surface characteristics,
which was in favor of the test group. Customized regression models indicated that an HA
application, the tooth type, the baseline CAL, and the baseline KTW were the strongest
predictors for obtaining an MRC > 85%, achieving CRC, and gaining a perfect RES. To the
best of our knowledge, this is the first RCT to report feasible preoperative predictors of the
clinical outcomes after a surgical treatment of multiple GRs with an MCAT and HA.

The predictive impact of baseline site-related anatomical factors on the outcomes of root
coverage surgery have been investigated in numerous studies. It is well documented that the
larger the baseline GR height and width, the less likely CRC will be achieved [31–34]. CRC
was more often observed at sites with a baseline recession depth of  2.5 mm [6]. In another
study, the baseline mid-buccal CAL was significantly associated with the 12-month MRC,
CRC, and RES [32]. With each 1 mm increase in the baseline CAL, the chances of positive
outcomes decreased 0.32-fold in terms of the MRC, 1.29-fold for gaining CRC, and 3.42-fold
for achieving a perfect RES. Our results are compatible with these findings, as the baseline
CAL values were a significant negative prognostic factor for the value of the MRC.

It has previously been reported that tooth position influences the MRC and CRC [30].
Canines and incisors have been reported to achieve better outcomes compared to premo-
lars and molars [22,35]. Moreover, maxillary teeth achieved a higher root coverage than
mandibular teeth [6,36,37]. Differences in anatomical characteristics, including bigger papil-
lae in the upper arch, the presence of lip muscles, and a minor vestibular depth in the lower
arch were used to explain the abovementioned observations. The present multilevel model
analysis demonstrated that tooth type might be a significant prognostic factor for the MRC,
CRC, and the RES. The highest MRC and CRC were achieved for the incisors, whereas
the premolars were associated with optimal RES values. The molars had the highest odds
of 12-month failure. On the other hand, the present study revealed no significant effect
of tooth position (upper versus lower arch) on the treatment outcomes. Our outcomes
are consistent with the findings of a very recent meta-analysis in which the overall MRC
of the tunnel technique for multiple maxillary GR defects was 88.63 ± 7.08%, while the
ARC for multiple mandibular GR defects was 85.88 ± 27.77% [6]. This observation may be
explained, at least in part, by the characteristics of the SCTG that was used. The extraoral
de-epithelialization of free gingival grafts allows connective tissue to be harvested directly
from under the epithelium, which is stable and of optimal biological potential [28].

It goes without saying that tooth location should always be evaluated together with
site-specific parameters, such as the KTW and GT. The mean KTW and GT values at
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baseline were previously correlated with statistically significant positive effects on the MRC
(p = 0.004 and p = 0.013, respectively) after a multiple GR treatment with the MCAT [34]. In
other studies, the KTW was pinpointed as the main factor in obtaining root coverage with
an MCAT, and the accepted consensus is that a KTW of about 2 mm is desirable [38–40].
The baseline GT value was a significantly positive prognostic factor for the MRC after an
MCAT + SCTG [34,41]. The required minimum mean soft tissue thickness to achieve CRC
increased from 1.44 mm (12 months) to 1.61 mm (24 months) [41]. With each 1 mm increase
in the baseline GT, the probability of achieving CRC increased tenfold [32]. Consequently,
by integrating the KTW and the gingival thickness, clinical guidance was enhanced [27,39].
In the present study, the baseline KTW, but not the GT, independently predicted the
12-month MRC and CRC. Our results support the statement that graft material might play
a crucial role in terms of the clinical outcomes, as an SCTG was placed in all the treated
recessions independently of the KTW or GT values. It was suggested by Cairo [42] that a
graft behaves as a biological filler under the surgical flap, hence decreasing postoperative
shrinkage and improving the recession treatment outcomes.

The final soft tissue quality coupled with the esthetic results may be considered the
most important treatment goal of root coverage procedures. Apart from CRC, other factors
related to natural soft tissue appearance play a crucial role in the final esthetics. While
60% of the RES value is due to CRC, the remaining 40% is determined by the marginal soft
tissue contour, the soft tissue texture, the presence of keloids, the gingival color, and the
muco-gingival junction alignment. In the present study, both groups achieved favorable
esthetic outcomes, which is in line with data from previously published studies and the
conclusions of recent systematic reviews and meta-analyses [6,7]. It is also noteworthy that
the test sides were found to achieve a better soft tissue texture. Furthermore, the multilevel
regression and multidimensional correspondence analyses revealed that the additional
application of HA increased the likelihood of a perfect RES by more than twofold. The
variance in this parameter could be related to the regenerative properties of HA on cells
involved in soft tissue wound healing. On the histological level, HA promoted a moderate
increase in collagen fiber density and a significant improvement in the elastic fiber network
in biopsy samples taken from the sides treated with an SCTG + HA when compared to the
sides treated only with an SCTG [23]. It was also reported that the use of HA might reduce
soft tissue scarring. Asparuhova et al. [43] demonstrated that HA enhanced the expression
of genes encoding type III collagen and transforming growth factor-�3, characteristic of
scarless wound healing. At the final phase of the healing process, HA interacts with CD44
and a receptor for HA-mediated motility (RAHMM) to promote the maturation of collagens
(type I) for extracellular matrix remodeling [44]. However, the reasons for this finding
are open to speculation. According to some recent studies, the site-specific application
of an SCTG was suggested to further enhance the esthetic outcome. Even though SCTG
procedures showed the highest overall esthetic performance for root coverage, the graft
integration may impede the natural soft tissue color and appearance [7]. By the same token,
an SCTG should be selectively positioned under the surgical flap in sites presenting with a
thin phenotype or a reduced band of KTW < 2 mm [39,40]. It has been speculated that the
addition of a graft in the presence of a thick gingiva may result in a bulky appearance of
the soft tissues.

Even though this RCT evaluated only local risk predictors, systemic and environmental
factors such as age, gender, and tobacco consumption have been previously associated with
the extent of gingival recessions [45]. GRs occur in populations with both high and low
standards of oral hygiene [46]. Males used to have more GRs than females, but gender was
not significant risk indicator in all the evaluated populations [45–48]. These discrepancies
may be related to methodological differences between studies, as different variables were
included in the multivariate analysis. All in all, men had worse oral hygiene habits, and
were more likely to ignore their oral health and engage in preventive dental care less
often than women [49]. Women, on the other hand, exhibited a higher oral health literacy,
better oral health behaviors, more positive attitudes, and a greater adherence to dental
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treatment [50]. Consequently, gender-related factors might influence treatment planning
and patient management in clinical practice.

Within the limitations of the present investigation, it should be mentioned that only a
single formulation of HA was used, thus creating methodological bias. Furthermore, the
recruitment of patients with multiple and symmetrical GRs may have led to selection bias.
RT3 recessions were not included in this study, as these defects do not show predictable
root coverage [3]. Third, as all the surgeries were performed by a single, trained clinician,
external validity was probably limited. Last, but not least, the sample size was based on the
only available clinical trial at the time, but with a different surgical modality [24]. Despite
the limitations cited above, this is the first RCT to assess the surgical treatment of multiple
GRs using an MCAT in combination with HA and an SCTG; thus, no direct comparisons
with other studies were feasible. The strengths of this study include the approaches used to
maintain scientific rigor by following the CONSORT guidelines. The data were collected by
calibrated and blinded examiners, and all the surgeries were performed by one experienced
surgeon. The final sample size amounted to 24 patients and 266 GRs. Taking into account
the statistically significant effect size, the findings of this RCT can be considered solid. In
addition to the main purpose of this study, it would be interesting to follow these patients
and evaluate the long-term outcomes. Nevertheless, to draw more definitive conclusions
and extend the findings of the present RCT, further research projects and evidence are
required. Future research should focus on optimizing the doses and delivery methods to
optimize the therapeutic potential of HA. Given the technical challenges inherent to the
procedure, the results need to be confirmed on a wider basis.

5. Conclusions
Within its limitations, this study demonstrated that the use of HA in addition to

an MCAT + SCTG for the soft tissue augmentation of multiple RT1 and RT2 recessions
improved the 12-month esthetic outcomes. The baseline CAL, the KTW, and the tooth type
predicted the 12-month MRC, CRC, and RES. An assessment of preoperative factors might
help clinicians in the decision-making process for multiple GR treatments.
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Leczenie mnogich recesji 
dziąsłowych z zastosowaniem 
zmody�ikowanej techniki tunelowej 
z przeszczepem podnabłonkowej 
tkanki łącznej i kwasu hialuronowego 
– opis przypadku

Abstract

Nowadays, gingival recessions are a common clinical problem. The 
exposed root surface can lead to a variety of clinical implications, inc-
luding aesthetic problems, tooth sensitivity, and carious and nonca-
rious lesions. There are some techniques to cover multiple recessions. 
Nowadays techniques without vertical incisions are increasingly used 
(tunnel technique). Recently, hyaluronic acid has also been used in the 
treatment of gingival recessions due to its healing and regenerative 
properties. The aim of this study was to present the treatment of mul-
tiple gingival recessions in the maxilla and mandible using a modifi ed 
tunnel technique with a subepithelial connective tissue graft, and 
cross-linked hyaluronic acid.

Współcześnie recesje dziąsłowe 
stanowią powszechny problem 
kliniczny. Odsłonięta powierzch-
nia korzenia może prowadzić do 
wystąpienia różnych implikacji 
klinicznych, takich jak proble-
my natury estetycznej, nadwraż-
liwość zębów czy powstawanie 
ubytków próchnicowego i nie-
próchnicowego pochodzenia. Ist-
nieje kilka technik pokrycia mno-
gich recesji, jednak obecnie coraz 
częściej wykorzystywane są tech-
niki tunelowe, które pozbawione 

są cięć pionowych. Od niedawna 
w leczeniu recesji dziąsłowych 
znalazł zastosowanie również 
kwas hialuronowy, ze względu 
na swoje właściwości regenera-
cyjne i przyspieszające gojenie. 
Celem pracy było przedstawienie 
leczenia mnogich recesji dziąsło-
wych w szczęce oraz w żuchwie, 
za pomocą zmodyfi kowanej tech-
niki tunelowej z zastosowaniem 
przeszczepu podnabłonkowej tkan-
ki łącznej i usieciowanego kwasu 
hialuronowego.
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Wstęp

Recesja dziąsła jest defi niowana 
jako dowierzchołkowe przesunięcie 
brzegu dziąsłowego w stosunku do 
połączenia szkliwno-cementowego 
(ang. cemento-enamel junction, CEJ)
z towarzyszącym odsłonięciem po-
wierzchni korzenia (Wennström 
1994). Do najważniejszych czyn-
ników etiologicznych powstawania 
recesji zalicza się uraz mechaniczny 
zaistniały na skutek nieprawidłowej 
techniki szczotkowania czy używania 
szczotki z twardym włosiem (Serino 
i wsp. 1994) oraz zapalenie przyzębia 
(Yoneyama i wsp. 1988). Za czynni-
ki ryzyka mogące przyczyniać się do 
powstawania recesji uważa się cien-
ki fenotyp dziąsła, a także fenestra-
cję czy dehiscencję przedsionkowej 
blaszki kostnej wyrostka zębodoło-
wego szczęki i części zębodołowej 
żuchwy (Wennström 1996; Malhotra 
i wsp. 2014). Ponadto wymienia się: 
nieprawidłową pozycję zęba w wy-
miarze przedsionkowo-językowym, 
a także jatrogenne uzupełnienia za-
chowawcze i protetyczne (Zucchelli, 
Mounssif 2015). Leczenie ortodon-
tyczne u pacjentów z cienkim fe-
notypem może pogłębiać istniejące 
wcześniej recesje, jeśli zęby będą 
przemieszczane doprzedsionkowo 

(ekspansja łuku zębowego) względem 
kości (Wennström 1996). Odsłonięta 
powierzchnia korzenia skutkuje poja-
wianiem się nadwrażliwości zębiny, 
utrudnioną kontrolą płytki, powsta-
waniem ubytków pochodzenia próch-
nicowego i niepróchnicowego, a tak-
że występowaniem problemów natury 
estetycznej, szczególnie w przednim 
odcinku szczęki (Fukumoto i wsp. 
2013; Serino i wsp. 1994; American 
Academy of Periodontology 1992; 
Zucchelli, Mounssif 2015). Techniką 
z wyboru w leczeniu mnogich recesji 
dziąsłowych jest technika tunelowa 
ze względu na dobre wyniki estetycz-
ne oraz możliwość gojenia pierwot-
nego (Aroca i wsp. 2021). Dodatkowe 
zastosowanie usieciowanego kwasu 
hialuronowego (ang. hyaluronic acid, 
HA) sprzyja gojeniu i regeneracji 
tkanek przyzębia (Shirakata i wsp. 
2021). W publikacji przedstawiono 
przypadek pacjentki z mnogimi rece-
sjami w szczęce i żuchwie, u której 
przeprowadzono zabiegi augmentacji 
tkanek miękkich z pokryciem recesji 
za pomocą zmodyfi kowanej techniki 
tunelowej (ang. modifi ed coronally 
advanced tunel, MCAT) z wykorzy-
staniem przeszczepu podnabłonkowej 
tkanki łącznej (ang. subepithelial co-
nective tissue graft, sCTG) i usiecio-
wanego kwasu hialuronowego.

Opis przypadku

30-letnia pacjentka zgłosiła się do 
Zakładu Chorób Błony Śluzowej 
i Przyzębia Warszawskiego Uniwer-
sytetu Medycznego z powodu mno-
gich recesji dziąsłowych w szczęce 
i żuchwie. Na podstawie wywiadu 
ustalono, że pacjentka była leczona 
ortodontycznie aparatem stałym 7 lat 
wcześniej. Przed leczeniem ortodon-
tycznym nie były przeprowadzane za-
biegi periodontologiczne. Pacjentka 
od lat stosowała nieprawidłową ura-
zową technikę szczotkowania zębów 
(ruchy okrężne). Ponadto zgłaszała 
nadwrażliwość górnych i dolnych 
zębów spowodowaną bodźcami ter-
micznymi. Pacjentka nie była zado-
wolona z estetyki uśmiechu.

W badaniu klinicznym stwierdzo-
no obecność mnogich recesji dziąsło-
wych w szczęce i żuchwie typu RT1 
i RT2 wg Cairo i klasy I i III wg Mil-
lera oraz cienki fenotyp dziąsła. Wy-
niki pomiarów periodontologicznych 
przedstawiono w tabeli I. W obrębie 
zębów 14, 13, 23, 24 widoczne były 
ubytki niepróchnicowego pochodze-
nia (ang. non caries cervical lesion, 
NCCL). Na korzeniach zębów 31, 
41 widoczne były stare, nieszczelne 
wypełnienia zachowawcze klasy V 
wg Blacka. Stan kliniczny wyjściowy 
przedstawiono na fotografi ach we-
wnątrzustnych (ryc. 1).

Po przeprowadzonym wywiadzie 
i badaniu, za przyczyny powstania 
recesji uznano ortodontyczną eks-
pansję górnego i dolnego łuku zę-
bowego oraz nieprawidłowe nawyki 
higieniczne pacjentki. Wdrożono le-
czenie przyczynowe, które obejmo-
wało instruktaż prawidłowej techniki 
szczotkowania (technika roll). Ze 
względów estetycznych oraz medycz-
nych (zgłaszane przez pacjentkę dole-
gliwości związane z nadwrażliwością 
zębów) zadecydowano o przeprowa-
dzeniu chirurgicznego leczenia re-
cesji dziąsłowych za pomocą MCAT 
i sCTG w szczęce. Ze względu na 
trudne warunki w żuchwie (głębokie 
recesje, cienki fenotyp, wąska strefa 
tkanek skeratynizowanych) zaplano-

Ryc. 1. Stan przed zabiegiem. Widoczne mnogie recesje dziąsłowe w szczęce i żuchwie, 
cienki fenotyp dziąsła. Przy zębach 14, 13, 23, 24 widoczne NCCL. Przy zębach 31, 41 wyso-
kość recesji wynosi 4 mm.
Fig.1. Pre-treatment status. Multiple gingival recessions in maxilla and mandible, thin bio-
type. Teeth 14, 13, 23, 24 with NCCL. Near teeth 31, 41 recession depth is 4 mm.
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wano przeprowadzenie zmodyfi ko-
wanej techniki tunelowej, a w obrębie 
zębów 31, 41 tunel zamknięty bocz-
nie (ang. laterally closed tunnel, LTC) 
oraz zastosowanie usieciowanego 
kwasu hialuronowego.

W pierwszej kolejności zaplano-
wano odbudowę NCCL na zębach 14, 
13, 23, 24 za pomocą nanohybrydo-
wego materiału kompozytowego, aby 
zdefi niować położenie przyszłego 
CEJ. Odbudowa nie obejmowała ca-
łej odsłoniętej powierzchni korzeni. 
Sytuacja kliniczna 7 dni po wykona-
niu wypełnień w zębach 14, 13, 23, 
24 – ryc. 2.

Po upływie 2 tygodni od wykona-
nia odbudowy NCCL przeprowadzo-
no leczenie chirurgiczne w szczęce. 
W znieczuleniu miejscowym oczysz-
czono zęby za pomocą narzędzi 
ręcznych (kirety Gracey), zęby wy-
polerowano z użyciem 0,2% żelu dwu-
glukonianu chlorheksydyny (CHX).
Następnie wykonano cięcia w obrębie 
szczelin dziąsłowych zębów 16-26, 
wypreparowano płat pełnej grubości 
bocznie i dowierzchołkowo do grani-
cy śluzówkowo-dziąsłowej oraz płat 
częściowej grubości poza linią ślu-
zówkowo-dziąsłową za pomocą mi-
kroskalpela numer 69 i noży do tech-
niki tunelowej. Brodawki dziąsłowe 
w ich części policzkowej zostały wy-
preparowane wraz z okostną. W kolej-
nym etapie pobrano obustronnie dwa 
przeszczepy nabłonkowo-łącznotkan-
kowe (ang. free gingival graft, FGG). 

Tab. I. Wyniki pomiarów od strony policzkowej przed leczeniem – wysokość/szerokość recesji (REC), szerokość strefy dziąsła zrogowaciałego 
(KG), grubość strefy dziąsła zrogowaciałego (GT), głębokość kieszonek (PD).
Tab. I. Measurement results from buccal side before treatment - recession height/width (REC), keratinized gingival zone width (KG), kerati-
nized gingival zone thickness (GT), pocket depth (PD).

16 15 14 13 12 11 21 22 23 24 25 26

REC 3/7 1,5/3 2,5/3 4/5 1,5/3 1/4 1/4 1/3 3/4 1,5/3 1/3 3/6

KG 2 1 2 2 3 4 3 3 2 1 2 2

GT 1,92 1,77 1,62 1,43 1,23 1,35 1,05 0,86 1,12 2,03 1,94 2,42

PD 3 2 3 3 2 3 2 2 2 2 2 3 3 1 2 2 2 3 3 2 2 2 1 3 3 2 2 2 2 2 3 2 2 3 1 3

46 45 44 43 42 41 31 32 33 34 35 36

REC 1/7 2/4 2/3 2/5 3/2 4/3 4/3 1/2 1/3 1/4 1/4 1/7

KG 3 2 3 2 2 1 1 2 2 1 2 3

GT 3,56 2,19 1,30 0,81 0,83 0,99 0,88 0,91 0,93 1,22 1,75 2,76

PD 3 1 3 3 1 3 2 1 3 3 2 3 4 1 3 3 2 3 3 2 3 3 1 3 3 1 3 3 1 3 2 1 3 3 2 3

Ryc. 2. Stan po wykonaniu wypełnień kompozytem nanohybrydowym w zębach 14, 13, 23, 24 
(klasy V wg Blacka). Widoczny zdefi niowany CEJ, który wcześniej został utracony przez NCCL.
Fig.2. Status after nanohybrid composite restorations in teeth 14, 13, 23, 24 (Black’s clasisifi -
cation V). Visible defi ned CEJ which was previously lost by NCCL.

Ryc. 3. Stan po zabiegu w szczęce. Przeszczep wprowadzony w wypreparowany tunel, widocz-
ny przesunięty płat dokoronowo ustabilizowany pojedynczymi szwami pętlowymi.
Fig. 3. Postoperative status in the maxilla. Graft inserted into the dissected tunnel, coronally 
advanced fl ap stabilized with single sling-sutures.
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Następnie dokonano deepiteliali-
zacji przeszczepu poza jamą ustną, 
otrzymując dwa przeszczepy sCTG. 
Miejsce dawcze zaopatrzono gąbką 
kolagenową, którą ustabilizowano 
szwami krzyżowymi podwieszony-
mi. Dodatkowo podniebienie zostało 
zabezpieczone indywidualną akrylo-
wą płytką podniebienną. Za pomocą 
szwów pozycjonujących sCTG zosta-
ło wprowadzone w wypreparowany 
tunel i ustabilizowane pojedynczymi 
szwami pętlowymi podwieszającymi 
(resorbowalana nić polifi lamentowa 
6.0 DS-12). Następnie przesunię-
to zmobilizowany płat dokoronowo 
i ustabilizowano pojedynczymi szwa-
mi pętlowymi podwieszającymi (nie-
resorbowalna nić monofi lamentowa 
6.0 DS-12). Stan po zabiegu w szczę-
ce – ryc. 3.

Po upływie 6 miesięcy przystą-
piono do zabiegu pokrycia recesji w 
żuchwie. Cięcia, preparacja tunelu, 
pobranie przeszczepu przebiegło ana-
logicznie jak przy zabiegu w szczęce. 
Po deepitelializacji, dwa przeszczepy 
połączono pojedynczym szwem ma-
teracowym (resorbowalna nić poli-
fi lamentowa 6.0 DS-12) (ryc. 4). Po 
umieszczeniu przeszczepu w wypre-
parowany tunel zastosowano kwas 
hialuronowy (HyaDENT BG, Bio-
SCIENCE), który podano pod płat 
w okolicy zębów 33-43. Po przesunię-
ciu dokoronowym płata, ustabilizowa-
no go pojedynczymi szwami pętlowymi 
podwieszającymi (nieresorbowalna nić 
monofi lamentowa 6.0 DS-12). W obrę-
bie zębów 31, 41 zastosowano technikę 
LCT za pomocą pojedynczych szwów 
węzełkowych. Sytuacja kliniczna po 
zabiegu w żuchwie – ryc. 5.

Opieka pozabiegowa przez 
pierwsze 14 dni obejmowała zakaz 
szczotkowania okolicy zabiegowej, 
delikatne płukanie jamy ustnej 0,2% 
roztworem CHX oraz aplikację 1% 
żelu z CHX 3 razy dziennie. Po 7 
dniach stwierdzono prawidłowe go-
jenie okolicy zabiegowej. Przepro-
wadzono delikatną higienizację. Po 
14 dniach od zabiegu usunięto szwy. 
Zalecenia obejmowały zakaz szczot-
kowania przez kolejne 7 dni oraz płu-

Ryc. 4. Stan śródzabiegowy w żuchwie. Przygotowany CTG do wprowadzenia w tunel. Dwa 
przeszczepy połączono pojedynczym szwem materacowym (resorbowalna nić 6.0 DS-12).
Fig. 4. Intraoperative status in the mandible. Prepared CTG for insertion into the tunnel. Two 
grafts were connected with a single mattress suture (resorbable 6.0 DS-12 thread).

Ryc. 5. Stan po zabiegu w żuchwie. Płat przesunięty dokoronowo ustabilizowany pojedynczymi 
szwami pętlowymi. W obrębie zębów 31, 41 LCT za pomocą pojedynczych szwów węzełkowych. 
Fig. 5. Postoperative status in the mandible. Coronally advanced fl ap stabilized with single 
sling-sutures. Within teeth 31, 41 LCT with single knotted sutures.

Ryc. 6. Stan po 12 miesiącach od zabiegu w szczęce. Przy zębach 16, 31, 41, 43 uzyskano MRC, przy 
pozostałych zębach uzyskano CRC. Widoczna zwiększona strefa tkanek skeratynizowanych. 
Fig. 6. Status 12 months after treatment. MRC was obtained on teeth 16, 31, 41, 43 CRC was 
obtained on the remaining teeth. Increased zone of keratinized tissue can be seen.
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kanie jamy ustnej 0,2% roztworem 
CHX. Następnie zalecono używanie 
ultramiękkiej szczoteczki pozabie-
gowej przez kolejny miesiąc. Po 
upływie tego czasu zalecono szczot-
kowanie zębów przy użyciu miękkiej 
szczotki techniką roll. Następne kon-
trole odbywały się w odstępach 1, 3, 
6, 12 miesięcy po zabiegu.

Zdjęcia wewnątrzustne (ryc. 6) 
oraz tabela z pomiarami II przedsta-
wiają stabilną sytuację kliniczną rok 
po zabiegu w szczęce i 6 miesięcy po 
zabiegu w żuchwie. Przy zębach 16, 
31, 41, 43 uzyskano częściowe pokry-
cie recesji. Całkowite pokrycie recesji 
uzyskano przy pozostałych zębach. 
Na wizycie kontrolnej stwierdzo-
no poprawę w architekturze tkanek 
miękkich, zarówno w zwiększeniu 
strefy dziąsła skeratynizowanego, jak 
i grubości dziąsła (tabela II). Uzyska-
ny rezultat był satysfakcjonujący dla 
pacjentki.

Dyskusja

Współcześnie istnieje kilka tech-
nik chirurgicznego pokrycia recesji 
dziąsłowych. Złotym standardem
w leczeniu chirurgicznym jest tech-
nika płata przesuniętego dokorono-
wo (CAF – coronally advanced fl ap) 
(Tonetti, Jepsen 2014). Zastosowanie 
cięć pionowych może jednak skutko-
wać gorszym ukrwieniem płata oraz 
powstaniem nieestetycznych blizn 

w obrębie miejsca operowanego. 
Z tego względu wielu klinicystów 
decyduje się na zastosowanie technik 
bez cięć pionowych – technika CAF 
z zastosowaniem płata kopertowego 
(Zucchelli, De Sanctis 2000) lub zmo-
dyfi kowana technika tunelowa (Zuhr 
i wsp. 2007; Azaripour i wsp. 2016).

W przypadku głębokich, izolowa-
nych recesji I, II, III klasy wg Mille-
ra w żuchwie opisano metodę tunelu 
zamkniętego bocznie (ang. laterally 
closed tunnel, LCT). Technika ta po-
lega na wszyciu sCTG w wypreparo-
wany tunel, a następnie zbliżeniu bez 
napięcia bocznych brzegów tkanek 
ku sobie i zszyciu ich pojedynczymi 
szwami węzełkowymi nad przeszcze-
pem (Sculean, Allen 2018). Złożone 
przypadki kliniczne wymagają czę-
sto modyfi kacji opisanych wcześniej 
technik. Połączenie zmodyfi kowanej 
techniki tunelowej z LCT może być 
dobrym rozwiązaniem w leczeniu 
mnogich, głębokich recesji w dolnym 
łuku zębowym. Opis leczenia 11 przy-
padków z mnogimi recesjami RT1 
w żuchwie o minimalnej wysokości 
recesji 3 mm wydaje się potwier-
dzać słuszność łączenia wyżej wy-
mienionych technik (Sculean i wsp. 
2021). Bez względu na preferowaną 
metodę preparacji okolicy biorczej, 
zgodnie z wytycznymi Amerykań-
skiej Akademii Periodontologicznej, 
za podstawową metodę uważa się 
wykorzystanie autogennego wolnego 

przeszczepu podnabłonkowej tkanki 
łącznej. Zastosowanie sCTG pozwa-
la na częstsze uzyskanie całkowitego 
pokrycia recesji, większych średnich 
wartości pokrycia recesji oraz stabil-
ności wyników długoterminowych 
(Chambrone, Tatakis 2015).

Od niedawna w chirurgii rekon-
strukcyjnej tkanek miękkich przy-
zębia znalazł zastosowanie kwas 
hialuronowy. Wynika to z jego wła-
ściwości biologicznych, które sprzy-
jają gojeniu się ran i regeneracji (King 
i wsp. 1991; Jiang i wsp. 2007). Wy-
kazano, że HA indukuje angiogenezę, 
stymuluje tworzenie się skrzepu krwi, 
a także zwiększa potencjał komórek 
biorących udział w gojeniu się ran 
(Mast i wsp. 1992; Price i wsp. 2005; 
Mast i wsp. 1993; Aya, Stern 2017).

Najnowsze dane z badań przed-
klinicznych wykazały, że zastosowa-
nie HA może prowadzić do pokrycia 
korzenia w przypadku pojedynczych 
recesji dziąsłowych, którym histo-
logicznie towarzyszy regeneracja 
przyzębia. W badaniu stwierdzo-
no istotne statystycznie różnice 
w poziomie przyczepu klinicznego 
i szerokości recesji dziąsłowej na 
korzy ść grupy badanej. Tworzenie 
kości, formowanie cementu i przy-
czepu łącznotkankowego było istot-
nie statystycznie większe w grupie
badanej w porównaniu z grupą 
kontrolną. Prezentowane dane po 
raz pierwszy dostarczyły histolo-

Tab. II. Wyniki pomiarów od strony policzkowej po leczeniu – wysokość/szerokość recesji (REC), szerokość strefy dziąsła zrogowaciałego 
(KG), grubość strefy dziąsła zrogowaciałego (GT), głębokość kieszonek (PD).
Tab. II. Measurement results from buccal side after treatment – recession height/width (REC), keratinized gingival zone width (KG), kerati-
nized gingival zone thickness (GT), pocket depth (PD).

16 15 14 13 12 11 21 22 23 24 25 26

 REC 0 0 0 0 0 0 0 0 0 0 0 1/5

 KG 3 4 4 3 4 3 3 5 3 3 4 3

 GT 2,62 2,59 2,23 2,56 2,06 2,63 1,93 2,31 2,69 3,08 2,52 3,20

 PD 3 2 3 3 1 3 2 3 3 2 2 3 3 1 3 3 2 3 3 2 3 2 2 3 3 3 2 2 2 3 3 2 2 3 1 3

46 45 44 43 42 41 31 32 33 34 35 36

 REC 0 0 0 0,5/3 0 1/3 1/3 0 0 0 0 0

 KG 3 2 3 3 3 2 2 3 3 2 3 3

 GT 3,78 3,17 1,45 1,52 1,51 1,62 1,48 1,59 1,61 1,46 1,92 2,96

 PD 2 2 2 2 1 2 2 1 2 2 1 2 2 1 2 2 1 2 2 1 2 2 2 3 2 1 2 2 2 2 2 2 2 2 1 3
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gicznych dowodów na regenerację 
periodontologiczną ubytków rece-
syjnych dziąseł po leczeniu z zasto-
sowaniem CAF i HA (Shirakata 
i wsp. 2021).

Randomizowane badania kon-
trolne przeprowadzone przez Pilloni 
i wsp., w których badano skuteczność 
zastosowania kwasu hialuronowe-
go w leczeniu pojedynczych recesji 
dziąsłowych klasy I wg Millera, wy-
kazały statystycznie wyższą redukcję 
recesji w grupie badanej niż w grupie 
kontrolnej. Ponadto po 18 miesiącach 
odnotowano statystycznie wyższe 
wartości całkowitego pokrycia rece-
sji (CRC – complete root coverage) 
i częściowego pokrycia recesji (MRC 
- middle root coverage) dla grupy te-
stowej w porównaniu z grupą kontro-
lną. Wykazano statystycznie istotne 
mniejsze wartości obrzęku i dyskom-
fortu 7 dni po zabiegu u pacjentów 
z grupy badanej (Pilloni i wsp. 2019). 
Na podstawie badania można wnio-
skować, że użycie HA do chirurgicz-
nego leczenia recesji dziąsłowych 
może mieć pozytywny wpływ na wy-
niki leczenia.

Podsumowanie

Powyższy przypadek kliniczny pre-
zentuje możliwość wykorzystania 
zmodyfi kowanej techniki tunelowej 
w leczeniu mnogich recesji w szczęce 
i żuchwie. Biorąc pod uwagę złożo-
ność przypadku w żuchwie (głębokie 
recesje przy zębach 31, 41, cienki 
fenotyp dziąsła, wąska strefa tkanek 
skeratynizowanych), zasadne wydaje 
się użycie dodatkowo metody LCT 
oraz wykorzystanie HA. Przed plano-
waniem leczenia recesji należy zebrać 
dokładny wywiad z pacjentem, aby 
poznać przyczyny powstania recesji 
i dążyć do ich eliminacji.
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XI. Oświadczenia współautorów publikacji 

 

Izabela Skierska 
i nazwisko) 

Warszawa, 19.ll.2024r. 
data) 

Jako pracy pt. ,,Tunnel technique with cross-lioked hyaluronic acid in 

addition to subepithelial connective tissue graft, compared with connective tissue graft alone, 

for the treatment of multiple gingival recessions: 6-month outcomes of a randomized clinical 

trial." mój merytoryczny w przygotowanie, przeprowadzenie i 

opracowanie oraz przedstawienie pracy w formie publikacji stanowi: 

Opracowanie koncepcji i metodologii, przygotowanie pacjentów do przeprowadzenie 

pomiarów parametrów klinicznych przed i po zabiegach, i wyników, 

przygotowanie manuskryptu, ostateczna ocena przed oddaniem do recenzji. 

Mój procentowy w przygotowaniu publikacji jako 47 % 

....... 
(podpis 
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Górski 
i nazwisko) 

Warszawa, 19. I 1.2024r. 
data) 

Jako pracy pt. ,,Tunnel technique with cross-linked hyaluronic acid in 

addition to subepithelial connective tissue graft, compared with connective tissue graft alone, 

for the treatment of multiple gingival recessions: 6-month outcomes of a randomized clinical 

trial." mój merytoryczny w przygotowanie, przeprowadzenie i 

opracowanie oraz przedstawienie pracy w formie publikacji stanowi: 

Opracowanie koncepcji i metodologii, kwalifikacja pacjentów do badania, przeprowadzenie 

zabiegów chirurgicznych, i wyników, ostateczna ocena przed 

oddaniem do recenzji. 

Mój procentowy w przygotowaniu publikacji jako 50%. 

Izabeli Skierskiej w powstawanie publikacji jako 47%, 

i nazwisko kondydala do slopnia) 

on: opracowanie koncepcji i metodologii, przygotowanie pacjentów do 

przeprowadzenie pomiarów parametrów klinicznych przed i po zabiegach, i 

wyników, przygotowanie manuskryptu, ostateczna ocena przed 

oddaniem do recenzji. 
(merytoryczny opis kandydata do stopnia w pows1anic: publ ikacj i)• 

na wykorzystanie w/w pracy jako rozprawy doktorskiej 

lek. dent. Izabeli Skierskiej. 
(imic; i nu7wisko kandydutu do stopn ia) 

f; ·Ól.r/t;' {;e;/low11 , 
··················································· ./ 

(podpis 

•w w przygotowaniu koncepcji. metodyki, wykonaniu boclm'i, interpretacji wyników 
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Katarzyna Malara 
i nazwisko) 

Warszawa, 19.I I.2024r. 
data) 

Jako pracy pt. ,,Tunnel technique with cross-linked hyaluronic acid in 

addition to subepithelial connective tissue graft, compared with connective tissue graft alone, 

for the treatment of multiple gingival recessions: 6-month outcomes of a randomized clinical 

trial." mój merytoryczny w przygotowanie, przeprowadzenie i 

opracowanie oraz przedstawienie pracy w formie publikacji stanowi: 

Ostateczna ocena i jego redakcja przed oddaniem do recenzji. 

Mój procentowy w przygotowaniu publikacji jako 1 %. 

Izabeli Skierskiej w powstawanie publikacji jako 47%, 

i nazwisko kandydata do stopnia) 

on: opracowanie koncepcji i metodologii, przygotowanie pacjentów do 

przeprowadzenie pomiarów parametrów klinicznych przed i po zabiegach, i 

wyników, przygotowanie manuskryptu, ostateczna ocena przed 

oddaniem do recenzji. 
(merytoryczny opis kandydata do stopnia w powstanie publikacj i)" 

na wykorzystanie w/w pracy jako rozprawy doktorskiej 

lek. dent. Izabeli Skierskiej. 
i nazwisko kandydata do stopnia) 

. ································ 
(podpis 

udziatu w przygotowaniu koncepcj i, metodyki, wykonaniu bndn1·1, in1crpretncji wyników 
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17.abela Skierska 
i nazwisko) 

Warszawa, 19. l l .2024r. 
data) 

Jako pracy pt. ,,Tunnel technique and subepithelial connective tissue graft, 

with or without cross-linked hyaluronic acid, in the treatment of multiple gingival recessions: 

12-month outcomes of a randomized clinical trial." mój 

merytoryczny w przygotowanie, pizeprowadzenie i opracowanie oraz przedstawienie 

pracy w formie publikacji stanowi: 

Opracowanie koncepcji i metodologii, wykonanie pomiarów parametrów klinicznych przed i 

po zabiegach, analim i interpretacja wyników, pobranie próbek do analizy histologicznej, 

przygotowanie figur i tabel, napisanie manuskryptu, ostateczna ocena i jego redakcja 

przed 

Mój procentowy w przygotowaniu publikacji jako 70% 

(podpis 
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Górski 
i nazwisko) 

Warszawa, l 9. l l .2024r. 
data) 

Jako pracy pt. ,,Tunnel technique and subepithelial connective tissue graft, 

with or without cross-linked hyaluronic acid, in the treatment of multiple gingival recessions: 

12-month outcomes of a randomized clinical trial." mój 

merytoryczny w przygotowanie, przeprowadzenie i opracowanie oraz przedstawienie 

pracy w formie publikacji stanowi: 

Opracowanie koncepcji i metodologii, kwalifikacja pacjentów do badania, przeprowadzenie 

zabiegów chirurgicznych, analiza i interpretacja wyników. w pisaniu manuskryptu i 

jego redakcja przed 

Mój procentowy w przygotowaniu publikacji jako 20%. 

Izabeli Skierskiej w powstawanie publikacji jako 70%, 

( imi~ i nazwisko kandyda1a do stopnia) 

on: opracowanie koncepcji i metodologii, v,rykonanie romiarów parametrów 

klinicznych przed i po zabiegach. analiza i interpretacja wyników, pobranie próbek do analizy 

histologicznej. przygotowanie figur i tabel, napisanie manuskryptu, ostateczna ocena 

i jego redakcja przed 

(merytoryczny opis kanclydaw do stopnia w pow~lanic publikacji)• 

na wykorzystanie w/w pracy jako rozprawy doktorskiej 

lek. dent. Izabeli Skierskiej. 
i kandydata do stopnia/ 

,., I 

/ 1 I J , 1 0 JT • , 
l f Vi J U. r b ;>Jtr J /"I 7 / U 
( ······························ .. ······ ........... I 

(podpis 

•w w pr~ygolowoniu koncepcji. metodyki, wykon::miu lrncln11, intcrprclncji wyników 
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Izabela Skierska 
i nazwisko) 

Warszawa, 19 .l 1.2024r. 
data) 

Jako pracy pt. ,,Tunnel Technique and Subepithelial Connective Tissue 
Graft, With or Without Cross-Linked Hyaluronic Acid, in the Treatment of Multiple Gingival 
Recessions: Prognostic Parameters for Clinical Treatment Outcomes of Randomized 
Controlled Trial." mój merytorycmy w przygotowanie, 
pneprowadzenie i opracowanie oraz przedstawienie pracy w formie publikacji 
stanowi: opracowanie koncepcji i metodologii, przygotowanie figur i tabel, w pisaniu 
manuskryptu, ostatecma ocena u jego redakcja przed 

Mój procentowy w przygotowaniu publikacji jako 42% 

(podpis 
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Górski 
i nazwisko) 

Warszawa, 19. I 1.2024r. 
data) 

Jako pracy pt. ,,Tunnel Technique and Subepithelial Connective Tissue 
Graft, With or Without Cross-Linked Hyaluronic Acid, in the Treatment of Multiple Gingival 
Recessions: Prognostic Parameters for Clinical Treatment Outcomes of Randomized 
Controlled Trial." mój merytoryczny w przygotowanie, 
przeprowadzenie i opracowanie oraz przedstawienie pracy w formie publikacji 
stanowi: opracowanie koncepcji i metodologii, analiza i interpretacja wyników, napisanie 
manuskryptu, ostateczna ocena i jego redakcja przed 

Mój procentowy w przygotowaniu publikacji jako 50%. 

Izabeli Skierskiej w powstawanie publikacji jako 42%, 

i nazwisko kandydata do stopnia) 

on: opracowanie koncepcji i metodologii, przygotowanie figur i tabel, w 
napisaniu manuskryptu, ostateczna ocena i jego redakcja przed 

(merytoryczny opis kandydata do stopnia w powstanie publikacji)" 

na wykorzystanie w/w pracy jako rozprawy doktorskiej 
lek. dent. Izabeli Skierskiej. 

i nazwisko kandydata do stopnia) 

! / 
[/l ii r ])r, i-:: , 7.~.~.(~/!. ........ ó.~(.1..f.P.'1? I {1 , 

1 (podpis / 

*w w przygotowaniu koncepcji, metodyki, wykonaniu interpretacji wyników 
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Aniela Brodzikowska 
i nazwisko) 

Warszawa, I 9. I 1.2024r. 
data) 

Jako pracy pt. ,,Tunnel Technique and Subepithelial Connective Tissue 

Graft, With or Without Cross-Linked Hyaluronic Acid, in the Treatment of Multiple Gingival 

Recessions: Prognostic Parameters for Clinical Treatment Outcomes of Randomized 

Controlled Trial." mój merytoryczny w przygotowanie, 

przeprowadzenie i opracowanie oraz przedstawienie pracy w formie publikacji 

stanowi: ostateczna ocena i jego redakcja przed 

Mój procentowy w przygotowaniu publikacji jako 2%. 

Izabeli Skierskiej w powstawanie publikacji jako 42%, 

i nazwisko kandydata do stopnia) 

on: opracowanie koncepcji i metodologii, przygotowanie figur i tabel, w 

napisaniu manuskryptu, ostateczna ocena i jego redakcja przed 

(merytoryczny opis kandydata do stopnia w powstanie publikacji)• 

na wykorzystanie w/w pracy jako rozprawy doktorskiej 

lek. dent. Izabeli Skierskiej. 
i nazwisko kandydata do stopnia) 

(podpis 

*w w przygotowaniu koncepcj i, metodyki, wykonaniu interpretacji wyników 
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Izabela Skierska 
i nazwisko) 

Warszawa, 19 .1 l.2024r. 
data) 

Jako pracy pt. ,,Leczenie mnogich recesji z zastosowaniem 

zmodyfikowanej techniki tunelowej z przeszczepem tkanki i kwasu 

hialuronowego - opis przypadku." mój merytoryczny w 

przygotowanie, przeprowadzenie i opracowanie oraz przedstawienie pracy w formie 

publikacji stanowi: 
Przygotowanie koncepcji, analiza i interpretacja wyników, napisanie ostateczna 

ocena przed oddaniem do recenzji. 

Mój procentowy w przygotowaniu publikacji jako 95 % 

(podpis 
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Górski 
i nazwisko) 

Warszawa, I 9. I I .2024r. 
data) 

Jako pracy pt. ,,Leczenie mnogich recesji z zastosowaniem 

zmodyfikowanej techniki tune]owej z przeszczepem tkanki i kwasu 

hialuronowego - opis przypadku." mój merytoryczny w 

przygotowanie, przeprowadzenie i opracowanie oraz przedstawienie pracy w formie 

publikacji stanowi: 

Ostateczna ocena i jego redakcja przed oddaniem do recenzji. 

Mój procentowy w przygotowaniu publikacji jako 2%. 

Izabeli Skierskiej w powstawanie publikacji jako 95%, 

i nazwisko kandydata do 

obejmowa1 on: przygotowanie koncepcji, analiza i i11terpretacja wyników, napisanie 

ostateczna ocena przed oddaniem do recenzji. 

(merytoryczny opis kandydata do slopnia w pow~lume p11blik11,:_i 1J~ 

na wykorzystanie w/w pracy jako rozprawy doktorskiej 

lek. dent. Izabeli Skierskiej. 
(imi~ i nazwisko kondydatn do stopnia) 

9,tt.IAt .. : ........ @.~i??h) I o/ 
(podpis 

•w w pr,:ygolowaniu koncepcj i. metodyki, wykonaniu badm't, in\crprclm:_ii wyników 
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Beata 
i nnzwisko) 

Warszawa, 19. I I .2024r. 
data) 

Jako pracy pt. ,,Leczenie mnogich recesji z zastosowaniem 

zmodyfikowanej techniki tunelowej z przeszczepem tkanki i kwasu 

hialuronowego - opis przypadku." mój merytoryczny w 

przygotowanie, przeprowadz.enie i opracowanie oraz przedstawienie pracy w formie 

publikacji stanowi: 

Ostateczna ocena i jego redakcja przed oddaniem do recenzji. 

Mój procentowy w przygotowaniu publikacji jako 2%. 

Izabeli Skierskiej w powstawanie publikacji jako 95%, 

(im•~ i nazwisko Jcandydata do stopnia) 

on: przygotowanie koncepcji, analiza i interpretacja wyników, napisanie 

ostateczna ocena przed oddaniem do recenzji. 

(merytoryczny opis kandydata do Slopnill w powstanie publikacji)" 

na wykorzystanie w/w pracy jako rozprawy doktorskiej 

lek. dent. Izabeli Skierskiej. 
( rm•~ i nazwisko kandydata do stopnia) 

--~---V1lP~~ 
(podpis 

•w w przygo1owa11iu koncepcji, motoclykl , wykonaniu bndnr\, interprcrncj i wyników 
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