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One sentence summary: Both acellular dermal matrix types displayed some gingival recession

1

relapse, while their adjacent untreated sites showed a much greater apical shift of the gingival

margin.
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Abstra

Backgroung& Aim: The long-term outcomes acellular dermal matrix (ADM) for the treatment of

isolated gi essions has not yet been evaluated. Thus, the aim of this study was to observe

the root co tcomes of coronally advanced flap (CAF) with ADM over time, and compare

them with th@i@adjacent untreated sites.

Metho:@atients (from 20) were available at the 9-year recall. Clinical parameters

(RecessWECd), mean root coverage (mRC), keratinized tissue width (KTW) and gingival
thickness ( evaluated and compared with the 1-year results, and the ADM-adjacent
untreated mesial and distal) via mixed-modeling regression analyses.

Result: F 0 9 years, the ADM-treated isolated recessions showed a relapse from 77% to 62%
mRC (p<0. imilar pattern towards apical shift of the gingival margin was noticed for the ADM-
adjacent untreated sites without baseline recession. However, ADM-adjacent untreated sites which

had presented with recession at baseline but were not treated showed a significantly more apical

shift of the gingival margin (almost 2 folds). A significant increase in KTW was noted for all sites.
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Baseline KTW22 mm was a significant predictor for the stability of the gingival margin at the ADM-

treated, and the ADM-adjacent sites with baseline recession.

Conclusio!: !Bm-treated sites displayed recession relapse from 1 to 9 years. The untreated

adjacent si h recession at baseline, showed a higher apical displacement of the gingival
margin co e ADM-treated sites, and ADM-adjacent sites without a recession at baseline.
H

1. Introdu«L

Thellong-138ting surgical outcomes obtained following a periodontal procedure has
increasingly become a topic of interest among clinicians, patients and across the scientific
communitwecent study, Cortellini et al. demonstrated that the superiority of periodontal
regenerati aditional access flap surgery is maintained over 20 years '. While a clear
definition for “longsterm” concerning root coverage procedures is not yet defined in the literature, a

systematichaluating the progression of untreated gingival recessions (GRs) defined “long-
t

term” stud hose that had report outcomes at 2 24 months > and another recent review defined

long-term fi with a follow-up reaching at least 5 years °.

Clintéal ies have also reported the outcomes of root coverage procedures at 3 and 5
years, r o their period of observation as “long-term” as well 2. Recently published follow-
up studies o ized clinical trials however, have also evaluated the behavior of GRs after a
minimu P of 10 years **'°. This raises the question whether studies with a shorter

follow-up should still be considered in the long-term range.

investigated surgical technique for a root coverage procedure is the coronally

%1113 Therefore, it

, whether with or without a connective tissue graft (CTG)
does not come as a surprise that many long-term follow-up studies have reported the outcomes of
CAF and CAE + CTG **. However, in this era in which several CTG alternatives such as the acellular

dermal magirix (AD1) and the collagen matrix, have also been introduced for minimizing patient

th

discomfort and reducing the risk of complications at the donor site ***°, limited data are available

regarding the long&term behavior of such graft substitutes *’.

B

Ar udy showed a significant relapse in the levels of the gingival margin over a period

of 12 ye ultiple GRs treated with ADM *°. These results were in line with the drop in the

A

mean root coverage shown by other authors when CAF alone, without a graft material had been
performed **. On the contrary, CTG-treated sites have displayed less susceptibility towards relapse

4,9,18

of the gingival margin over time . Additionally, when evaluating multiple adjacent GRs, it was

suggested that not only do they pose more challenges in their treatment compared to single
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recessions **°, but they are also more prone to recession relapse over time, as an entire quadrant
of GRs may likely be due to a traumatic brushing habit that may be reassumed over time > 2.
Therefthreated GRs with CAF + ADM maintain their obtained results over a long period
of time re known. Moreover, while the progression/development of GRs has been
documentms' %24 and even compared with contralateral sites receiving a free gingival
graft (FGG Sitmmenstudy has yet investigated the long-term behavior of the gingival margin of
untreated Mcent to those that received a root coverage procedure with ADM.

With this mise, e aim of the present article was to evaluate the long-term clinical and patient-
related outc mes of GRs treated with CAF + ADM compared to their adjacent untreated sites and to
mvestlgat ible factors that may have impacted the stability of the gingival margin.2.

Materials
2.1 Study

The presen tud was designed as a follow-up investigation in which patients from the Michigan

Center that ted in a previous multicenter randomized clinical trial (RCT) conducted from
NovemberR0 ecember 2010 *®, were invited for re-examination. Details of the study protocol,
inclusio ion criteria, data collection and surgical intervention have been thoroughly

described in iginal article *® (ClinicalTrials.gov Identifier NCT00881959). Briefly, patients

presenti iller class 1 or I *° GR defect > 2 mm, located on the facial aspect of a maxillary
incisor, canine or premolar were recruited and randomly assigned to either receive CAF + freeze-
dried acell@ar dermal matrix (FDADM) % or CAF + solvent-dehydrated acellular dermal matrix

(SDADM) &

PartmpantOged > 18 years, able to understand and comply with all the instructions and had

to maintai al hygiene. Previous surgeries in the study area within 12 months, antibiotic use
exceedi uration within the past 3 months, allergy to any of the study materials and

tobaccloe previous year were among the exclusion criteria. The protocol of the follow-

up study w ed by the Western Institutional Review Board (HUMO00146261) and is in full
accordanc Helsinki Declaration of 1975, as revised in 2000. Informed consents were
obtained fr ubjects who participated in this study.

2.2 Interventi

The patients were randomized into either of the two ADM groups prior to the surgery as the
rehydration process for both ADM materials had to be initiated before the surgical procedure. The

patients were not aware of which treatment they had been assigned to or had received. Each study
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participant received full mouth supragingival scaling, polishing and oral hygiene instructions 2
months before the scheduled surgery, and patients were instructed to maintain an optimal

toothbrWique to correct wrong brushing habits related to the etiology of the GR.

es that were conducted at the Michigan center were performed at the School of
Dentistry, y of Michigan, Ann Arbor, by two experienced operators (H.L.W. and R.E.)
foIIowinE reviously described protocol and strict calibration sessions *°. Briefly, two diverging
vertical rel cisions were performed at the mesial and distal line angles of the tooth with the
recession, Starting @t a distance equal to the recession depth plus 1 mm from the adjacent papilla

tip. A full-thickngss muco-periosteal flap was then elevated beyond the mucogingival junction.
Adjacent gwpillae were de-epithelialized using a scalpel blade. The exposed root was planed

with rotar nts and 24% EDTA gel *' was applied for 2 minutes. Periosteal scoring was
performed for obtaining a tension-free flap. The rehydrated ADM (FDADM/SDADM) was then
trimmed to e exposed root 3 mm beyond the lateral and apical root surfaces. The ADM graft

was suture@hat the level of the cemento-enamel junction (CEJ) using a single 5-0 fast-absorbing

polyglycolicagigstimg suture. The overlying flap was then advanced to a level 1 —2 mm coronal to
the CEJ usiRg t g and tag suture technique as previously described **>?. Post-operative

instructij
medications |
times d

were instructed to resume an atraumatic brushing technique using a soft-bristle toothbrush. A

ovided for all subjects both verbally and in the written form. Post-operative

d 600 mg ibuprofen over 6 to 8 hours, as needed, and 500 mg amoxicillin three

ys, starting 1 hour before the surgery. After suture removal at 2 weeks, patients

session of !nical assessment, professional cleaning, with oral hygiene instructions, was performed

at1l, 3, 6,an onths.
2.3 Study o

The primar§g outcomes of the current follow-up study were to: 1) assess the long-term root coverage
outcomes @f isolatgd GRs treated with ADM, through comparing the clinical parameters at the 1-
year follow-up to those obtained at the 9-year recall (changes in Rec, mRC, KTW, GT); and 2)
compare the ADMftreated sites, to their adjacent untreated sites (mesial and distal to the treated
tooth) in terms of.@ghanges in the levels of the gingival margin from the 1-year follow-up to the 9-
g

Additionally, we explored the presence of possible correlations between any of the collected

year regq bserve the absence or progression of recession at the untreated sites.

variables and the stability of the levels of the gingival margin over time and assessed the gathered

Patient-Reported Outcome Measures (PROMs).
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2.4 Clinical measurements

RECd, pocket depth (PD), CAL, KTW and GT were collected as described in the original protocol at

each treated site using a periodontal probe by a calibrated examiner (R.D.G.) who was blinded to

the treatm @ ormed. The calibration process was conducted with the senior authors who took

partinthe© , prior to the scheduling of patients. Additionally, the original customized
. - ._ . . oy . ope . .
acrylic resigstents used in the initial study were utilized for obtaining the measurements at the 9-

ival phenotype at each treated site was also compared to the contralateral and

opposing sites using a color-coded probe 9 ***

, and patients were asked to fill out a questionnaire
which includ ichotomous questions and a self-evaluation form regarding the stability of their

g a visual analogue scale (VAS) of 100 mm ** %',

2.5 Data managefaent and statistical analysis

Ul

Th m the original study at the 1-year follow-up, and the previous intermediate

timepoints¥as well as the newly gathered clinical measures at the 9-year recall and their

El

correspond line records were entered into a pre-fabricated spread sheet and coded by an
individual qut T.). The ADM-treated sites regardless of the type of ADM preparation

(FDAD ere merged under the same treatment group of ADM?.

Vid

Th s were performed by a separate investigator with experience in biostatistics
(S.B.)w articipated in data collection or any of the measurements at the recall

appointments and remained blinded to the original raw data. Descriptive statistics were used to

[

present th d data as means and standard deviations (SD) for continuous variables (RECd,

RECw, PD, , GT). CRC was expressed as a percentage of sites that achieved a complete root

0

coverage a nd those that maintained their complete coverage at the 9-year timepoint. To

assess statij ignificant changes strictly in the ADM-treated teeth for RECd, KTW, GT and mRC,

£

paired tilized.

{

To evaluate and compare the changes in the ADM-treated sites relative to their untreated

adjacent sites (meglal and distal) from the 1-year recall to the 9-year timepoint, we used mixed-

Gl

modeling regres analyses. The models accounted for the fact that a single patient contributed to

reated, and 2 untreated adjacent mesial and distal sites). The following
mathematica la represents the model where Rec;;; is the recession depth (representing the
level of the gingival margin in mm) for tooth jin subject i at time t, CR;; is the indicator that tooth j

in subject i is untreated with a recession at baseline, CN;; is the indicator that tooth j in subject i is
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untreated with no recession at baseline, and AL;; as the indicator that tooth j in subject i had been

treated using FDADM (to control for any potential influence of the type of ADM):

Reci1j =P Recigj + B2CR;j + B3CNij + B4AL;j + 6; + €;;The random effect 6; represents
unique subje dtts and the error term €;; represents unexplained variation. Possible correlations

between the 1- to 9-year changes in the levels of the gingival margin and the gathered patient-
I I

reported r!ponses were also explored.

Line chartsfWere Poduced to display the changes in the RECd and KTW over time with error bars

representin ard deviations. Confidence intervals (Cl) were produced and a p value threshold

of 0.05 wamtatistical significance. The analyses were performed using the Ime4 **, dplyr **,
0

and stats *° packdges in Rstudio #.

3. Results

From the o!ginal twenty patients that completed the study at 1 year (eleven females and nine

males, with a mean age of 42.5 + 12 years), twelve (7 females, 5 males) were available for the 9-year

recall, de ng a response rate of 60% (7 in the FDADM-, and 5 in the SDADM-originally

treated groups).“Six of the patients received periodic professional cleaning or supportive periodontal
therapy, twice a year at the University of Michigan School of Dentistry, and 6 were

maintain ate practices.
3.1 Clinical outcomes of Acellular Dermal Matrix

Tahlays the root coverage outcomes of the ADM-treated teeth from baseline, to the

\

ear recall. From the 1-year timepoint to the 9-year recall, on average, the ADM-

1-year, and
treated site

20.19% deSase In MRC (p=0.02) (from 76.94% at 1 year to 62.08% at the 9-year recall). There had

CRC at 1 year, which was reduced to four at the 9-year recall. Additionally, there

§€nted with an increase RECd of 0.37 £ 0.52 mm (p=0.03), corresponding to 14.86 +

been fi
was ani of 0.71 £ 0.39 mm (p<0.01), and GT seemed to have remained stable since the
1-year results (m changes of 0.08 + 0.51, p=0.58). When phenotypic changes were evaluated

using a col probe, at the 9-year recall, 83.3% of the ADM-treated sites (10 of 12) showed an

increase ingi thickness compared to their contralateral, opposing, and adjacent sites.
3.2 Comparison ofthe ADM-treated sites, to their adjacent untreated sites
The changes in the levels of the gingival margin and amount of KTW for the ADM-treated

sites, and their immediately adjacent untreated sites (mesial and distal) are presented in figure 1.
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Sixteen of the twenty-four ADM-adjacent sites had a recession at baseline which were not treated,
amounting to an average 1.4 £ 0.68 mm in RECd. The recession at these sites had remained
qualitatMuged until the 1-year timepoint. Additionally, 8 of the ADM-adjacent sites did not
have a basmon, which also remained unchanged until the 1-year timepoint.

Ov -year recall, the ADM-adjacent untreated sites presented with 2.25 £ 1.26 mm

I I . . . . .
RECd (2.91 #0.89 mm for the adjacent untreated sites with baseline recession, and 0.93 £+ 0.77 mm at

the adjace hich did not have a gingival recession at baseline) (Figures 2, and 3). When

comparingfthe chafiges in the levels of the gingival margin among the 3 groups of: ADM, ADM-
adjacent sites with, and without baseline recession, the mixed-modeling regression analysis
demonstrw/ﬂth ADM-treated sites as the reference, the changes at the untreated sites with
baseline r ioigl1.28 mm (95% CI[0.59, 1.97], p=0.001)) was significantly more than those
without a recessiSat baseline (0.47 mm (95% CI[-0.31, 1.25], p=0.23)). Additionally, RECd at 1 year

presented Cficant predictor in the model (0.78 mm (95% CI[0.39, 1.16], p<0.001)) for the 9-
S,

year outco The model illustrated that despite an average apical migration in the level of the
gingival maggi | sites from 1 to 9 years, this apical shift was significantly more, and almost 2
folds at sit ad presented with a gingival recession at baseline but were not treated (model
estimat, m, versus 0.96 mm for the ADM-adjacent sites with, and without recession at
baseline). A Ily, the changes in the gingival margin for the adjacent sites without baseline
recessi jgnificantly differ from the ADM-treated sites.

Furthermore, despite a significant increase in KTW throughout time at all sites, when testing its

effect at bhd its interaction with the different groups, it was shown that KTW of <2 mm at
baseline w ﬂ antly associated to RECd changes from 1 to 9 years for the ADM-treated sites (-
0.4 (95% Cl[R@=49#70.02], p=0.02)), and the untreated adjacent sites that presented with a baseline

recessioﬂ% CI[-1.27,-0.01], p=0.01).

3.3 Patientgreported outcomes at the 9 years recall

Outcomesmgathered responses of the patient questionnaires indicated a high satisfaction
rate for th

nt of ADM, represented with VAS scores of 8.81 + 1. Additionally, except for one
patient tha enced post-surgical hematoma, all other patients stated that they would be

willing t o the treatment again if needed (91.6%). Lastly, 40% of the subjects who presented
with recession relapse (increase in RECd) at the 9-year recall were able to identify the apical shift of

their gingival margin
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4, Discussion

The current article i)resents the 9-year outcomes of ADM-treated isolated GRs, and their untreated

adjacent sites. This to the best of our knowledge, has not been reported yet in the literature. Several
U

period of BS years), with an incidence of 79.3% new recession defects °. Similarly, at 9 years, we

authors ha

ed the long-term outcomes of untreated GRs >*°. A systematic review

concluded ated GRs have a high tendency (78.1%) to progress over time (mean monitoring

observed a ce of 75% for new GRs in the untreated sites, while no changes in the levels of

the gingivallmarginthad been observed at 1 year.

Regarding ession of untreated GRs, we found that only 6.3% of sites remained stable at 9
years, whil .7% of sites showed further apical shift in their gingival margin. The reason for the
higher recession pogression found in our study compared to the literature (ranging approximately

from 23% M9 in studies with at least 10 years of follow-up) > ** %

is open to speculations. One
possible eplanation for this difference could be resuming traumatic brushing techniques in areas
with a thin henotype. Indeed, the ADM-treated sites showed a significantly lower relapse

ué¥@’the increased marginal soft tissue thickness that can be a protective factor from

of the gingi¥a in compared to their adjacent untreated areas which had a recession at baseline.

This may be
rrence even in patients that may not be able to correct their traumatic brushing habits
1041 Additi thin gingival phenotype has also been recognized as one of the most important

etiologi 42,43

r the development of gingival recessions . Interestingly, the adjacent
untreated sites with previous GRs at baseline showed a greater apical shift than sites without
recession he. It is reasonable to assume that at a site with a recession defect, the likelihood
of having p@ng or precipitating factors ** for the progression of GR is higher than sites

withoutar . Among those, our analyses demonstrated that for sites presenting with an

initial GR, aseline KTW = 2 mm was a positive predictor for the stability of the gingival

margin, isiimsline with previous literature % *%,

Agudio anj coworkers showed that FGG is able to maintain the level of the gingival margin over time
or to provide som@limprovements (creeping attachment), compared to untreated contralateral sites

that were associated with an increased recession depth or development of new GRs . The

rther confirms the advantage of adding a graft over untreated sites in terms of

gingival margi ility is also valid for root coverage procedures with ADM.

Nonetheless, it has to be mentioned that ADM-treated sites showed a relapse of the gingival margin

from 1 to 9 years. This is in line with the literature that shows that the recurrence of GR is a common
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finding *®*> ¢, A recent network meta-analysis from our group addressed the stability of root
coverage outcomes over time, by comparing different surgical techniques head-to-head and
analyzianﬂuential factors, accounting for the effect of time in every comparison *’.
Interestingl t coverage procedures (flap alone, guided tissue regeneration, ADM-, collagen
matrix- an&trix derivative-based approaches), except CTG, were found to have a
tendeney tewmm@melsathe apical shift of the gingival margin. The CTG was the only approach that
showed a tMards stability or even improvement in the level of the gingival margin over time

47

It ha suggested that the ADM is the graft material with the most similar outcomes to
that of thewoot coverage procedures ** . Harris was the first to report a significant relapse
of ADM ovj’ p to 4 years) in the treatment of single and multiple gingival recessions, while
finding short-termdfesults similar to the CTG *°. Nevertheless, a 5-year randomized clinical trial has
shown a signii relapse in CRC and RECd in both ADM and CTG groups *°, and another 5-year
study repofted greater recession reduction and keratinized tissue width obtained in the CTG group,
with comp in in tissue thickness *°. A 12-year follow-up study showed a significant relapse of
the gingiv ollowing ADM, with a drop in the mRC from approximately 89% at 6 months to
about -year recall using ADM *°, while the present study found a relatively lower drop

[0)
in the mRC. y have been due to different treated conditions (multiple vs single gingival

recessi ign (tunnel or envelope CAF vs CAF with vertical incisions), the different follow-

up (12 vs 9 years) and the mRC obtained at 6-12 months (89% vs 76% in the present study) *°.

Lastly, our hso show an overall increased KTW from 1 to 9 years in both the ADM-treated
and adjace ted sites. It can be speculated that this is due to the tendency of the

4331 |n addition, it was observed

that ADM n an increased GT, as also corroborated by the thickening in the gingival
phenot f cases compared to contralateral, opposite and the adjacent sites. A similar
increaséHIso found in a previous article, where it was demonstrated that having GT > 1.2

mm after mwas a predictor for the stability of the gingival margin *°. Among the limitations
of the pres .

mucogingi regain its genetically predetermined position

the relatively high number of drop-out patients at the 9-year recall can be

mentioned may have limited the power of our analyses, and hindered a direct statistical
een the two ADM groups. Furthermore, although masked and calibrated, a
different examiner from the one in the original study performed the measurements at the 9-year
recall. Nonetheless this change in the examiners is inherent to the long-term follow-up nature of

4,52

such studies . In addition, it would have been beneficial had we had information on GT at baseline
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for the adjacent untreated sites for further assessment of the effect of GT on the progression of
recessions and its role in stability. The method for assessing gingival thickness may also have some

Iimitatiomg the possibility in needle bending and patient discomfort, which can be reduced
with the us temporary non-invasive and more accurate technologies®®. Lastly, it should be
noted thatm changes in recession depth at the untreated sites were noticed at the 1-year
recall, onigimallysseme of the vertical releasing incisions had been performed close to the gingival
margin of Wted sites which could have induced a local trauma. This, and the fact that the

original RCjg@énl ruited maxillary gingival recessions may limit the generalizability of our results

and thus th sions of from this report should be interpreted with caution.
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5. Conclusions

Within its limitations, the present investigation demonstrated that ADM-treated sites, while
displaying &certain amount of recession relapse, presented a greater stability of the gingival margin
compared @ ted adjacent sites with initial recession, from 1 to 9 years. Baseline keratinized

tissue width™2 Was a significant positive predictor for the stability of the gingival margin in the

ADM grou;snd in the untreated ADM-adjacent sites that already presented with an initial recession
defect.
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Changes in the levels of the gingival margin over time Changes in keratinized tissue over time
(mean in mm/standard deviation) (mean in mm/standard deviation)
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t )
05
o
Baseline & months 1 year 9 years Baseline & months 1 year 9 years
e ADM treated sites = ADM treated sites
=== Adjacent untreated sites without baseline recession —8—Adjacent untreated sites without basaline recession
—8— Adjacent untreated sites with baseline recession —8— Adjacent untreated sites with baseline recession
Figure 1. C the levels of the gingival margin and keratinized tissue from pre-treatment

(baseline), o e 9-year recall for the ADM-treated sites, and their adjacent untreated sites.

Figure age outcomes of an isolated gingival recession treated with ADM. A) Baseline. B)

Positioning DM on the recipient bed. C) 1-year outcomes. D) 9-year outcomes. Note the

relapse ingival margin in the ADM-treated sites and the apical shift of the gingival margin of

the adjacent untreated teeth at the 9-year recall.

Figure Mage outcomes of an isolated gingival recession treated with ADM. A) Baseline. B)

Stabilizati DM on the root surface. C) 1-year outcomes. D) 9-year outcomes. Note the
stability of i al margin at the ADM treated site from 1 to 9 years.
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Table 1. Root coverage outcomes of ADM-treated sites at baseline, to the 1-, and 9-year recall.

Clinical

parameter

Baseline (n=12)

Timepoint

1 year (n=12)

9 year (n=12)

RECd

mRC

KTW

PD

CAL

GT

2.54+0.49

2,16 £0.65

1.04 £0.25

3.58+0.41

1.33+0.44

0.58 £0.59

76.94 +£22.75

2.41+0.59

1.37+0.43

1.95+0.86

1.79 £0.39

0.95+0.83

62.08 £ 34.15

3.12+0.64

1.5+0.52

2.45+0.81

1.87+0.43

Author Manuscri
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RECd, recession depth; mRC, mean root coverage; KTW, keratinized tissue

width; PD, pocket depth; CAL, clinical attachment level; GT, gingival thickness



