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Abstract: Regenerative capacity of well-preserved blood clot may be enhanced by biologics like
enamel matrix derivative (EMD). This retrospective analysis compares outcomes reported by three
centers using different heterografts. Center 1 (C1) treated intrabony defects combining cross-linked
heavy weight hyaluronic acid (xHyA) with a xenograft, Center 2 (C2) used EMD with an allograft
combination to graft residual pocket. Center 3 (C3) combined xHyA with placement of resorbable
polymer membrane for defect cover. Clinical parameters, BoP reduction and radiographically
observed defect fill at 12-months examination are reported. The 12-months evaluation yielded
significant improvement in PPD and CAL at each center (p<0.001, respectively). Analyses of
Covariance revealed significant improvement of all parameters, significantly greater CAL gain
disclosed C2 vs. C1 (p=0.006). Radiographic defect fill presented with significantly higher scores for
C2 and C3 vs. C1 (P=.003 and =.014; C2 vs. C3 P=1.00). Gingival recession increased in C1 and C3
(P=1.00), while C2 reported no GR after 12-months (C2:C1 P=.002; C2:C3 P=.005). BoP tendency and
pocket closure rate shared similar rates. Within limitations of the study, data comparison indicated
that xHyA showed similar capacity to enhance regenerative response, as known for EMD.
Radiographic follow-up underlined xHyA staying alone role in new attachment formation.

Keywords: heterografts; EMD; xHyA; synthetic polymer barrier; bovine xenograft with
hydroxyapatite; allograft

1. Introduction

Regenerative surgery is the preferred method for addressing residual intrabony periodontal
defects after non-surgical periodontal therapy, as recommended by the guidelines for treating
periodontitis stages 1 to 3 [1]. In a systematic review and meta-analysis, regenerative strategies using
enamel matrix derivative (EMD) or guided tissue regeneration (GTR) were found to be more effective
than open flap debridement (OFD) in terms of clinical attachment level (CAL) gain and reduction of
probing depth (PD). These strategies showed a significant improvement in CAL gain and PD
reduction once implemented [2]. The overall superiority was expressed by 1.27 mm greater CAL gain
achieved with EMD and 1.43 mm achieved with GTR. Furthermore, this systematic review
recommended the use of bone substitutes for intrabony defects with severely reduced bone walls to
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stabilize soft tissue and prevent collapse [2]. Moreover, space maintenance is crucial for both, blood
clot and tissue formation, according to established GTR principles [3,4].

A meta-analysis calculated the effect named “pocket closure” on behalf of 12 published RCTs
addressing the efficacy of either GTR or EMD over OFD. The results revealed a 61.4% rate of closure
looking at sites with <3mm residual probing depth (PD) whereas 92.1% closure rate was apparent
once considering sites with a residual PD<4mm after 12 months post-op period [5].

In the recent years, a new agent proved sufficient in periodontal regeneration after its beneficial
role in soft tissue healing has been demonstrated before. Studies conducted in vitro, pre-clinically,
and as clinical case series documented the sufficient contribution of adjunctively applied hyaluronic
acid to the cell and tissue reactions. In particular, the cross-linked heavy molecular weight hyaluronic
acid (xHyA) showed sufficient enhancement in soft tissue healing in donor sites for the retrieval of
free gingival grafts from the palate [6]. The same formulation effectively supported soft tissue flap
stabilization in recession coverage procedures carried out in an animal model as well as in patients
[7,8]. The periodontal healing of surgically created intrabony defects was superior regarding newly
formed periodontal ligament and new cementum according to histomorphometrical evaluation in a
pre-clinical study by Shirakata et al. [9]. This group repeated the experiment by creating acute
furcation grade 3 defects using the same dog model and confirmed the results from the previous
study for the xHyA-treated defects [10]. A randomized clinical trial investigating three-wall
intrabony defects further demonstrated non-inferiority of xHyA treated sites compared to EMD use
for surgical regenerative treatment regarding CAL gain and PD reduction outcome after 24 months
of follow-up [11]. Moreover, Bozic et al. achieved >90% pocket closure rate by surgically applying
xHyA with porcine particulate xenograft after 12 months of healing [12].

Apart from clinical studies, the interaction between xHyA and fibroblasts derived from
periodontal ligament was elucidated by an in vitro experiment performed on dentin discs [13].
Another experimental study reported that the presence of xHyA on collagen substrates enhanced the
gene transcription rate for bone-related proteins by osteoblast-like cells in vitro [14]. An in vitro study
showing HA impact on transcription rate of the specific mRNAs encoding for cementoblast
differentiation and on their enhanced proliferation was just released [15].

However, while the positive effects of abovementioned biologics were evident, clinical studies
comparing the effects contributed by EMD or xHyA to regenerative surgical treatment of intrabony
periodontal defects still need to be included. In this retrospective study, we investigated the outcomes
of the two bioactive materials in combination with different adjunctive biomaterials for surgical
regenerative treatment of deep intrabony defects over 12 months.

2. Materials and Methods

Patients recruited were routinely treated periodontitis patients presenting with the diagnosis of
stage 3 or 4 periodontitis regardless of their grading (Caton et al., 2018). In all three centers, patients
underwent a course of systematic subgingival instrumentation according to recommendations from
Guidelines of the EFP concerning steps 1 and 2 before surgery schedule [16]. The regenerative
approach was favored once the re-evaluation values justified for a step 3 surgical therapy of residual
pockets, i.e., with a PPD exceeding 6mm with or without BoP.

Principal investigators represented by A.B. for Center 1 (C1), M.E. for Center 2 (C2), and A.F. for
Center 3 (C3) were calibrated regarding the surgical technique applied, data evaluation, and inclusion
criteria for approaching the residual pockets. The modified papilla preservation incision design
[2,17], full-flap elevation, releasing incision for coronal flap advancement as well as meticulous
instrumentation of the root surface and thorough degranulation were uniformly agreed by surgical
protocol. The protocol standardized neither the type of suture nor the suture technique. There were
no restrictions regarding the way and type of instrumentation of the defects, i.e., ultrasonic or piezo
devices were used as well as hand instruments. After completing thorough instrumentation, the
defects received biomaterials considered supportive for regenerative healing. Each group was free to
choose the biomaterial combination for regenerative surgery by its own preference. The Ethic
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Committee of Witten/Herdecke University approved the retrospective analysis of the data set from
the three centers (5-203/2021, amendment from 2023).

Each operator assessed clinical parameters (PPD, CAL, BoP and GR for recession) by means of
the manual periodontal probe on a regular base during supportive periodontal therapy (SPT) visits.
Clinically assessed values as well as data regarding defect intrabony defect depth, defect angle, and
defect wall number at baseline (prior to surgery) and after a period of 12 months were reported. The
radiographical findings were assessed on periapical 2-D radiographs obtained digitally in parallel
technique using a sensor holder (Sidexis, Sirona, Bensheim, Germany) at baseline and 12 months
post-op at each center. The calculation of tissue alterations revealed by comparison of both
radiographs is reported by each center itself.

Center 1 used the combination of xHyA (HyaDent BG, Regedent, Ziirich, Switzerland) and a
bovine collagen enhanced by hydroxyapatite particles (Collapat II, Symatese, Fr). Center 2 applied a
combination of EMD (Emdogain, Straumann Group, IL) and an allograft containing 50% cancellous
and 50% cortical Allograft bone (LifeNet Health, USA). Both centers applied the materials into the
intrabony pocket closing the site by coronally repositioning soft tissue flap; both centers discarded
the use of a membrane. Center 3 used xHyA alone for filling the intrabony defect component, placing
a poly-lactic poly-lactid polymer membrane (Guidor matrix barrier, Sunstar, Germany) at the crest
of the alveolar ridge before closing the site by soft tissue flap in the similar way as both other centers
did.

The post-op regimen included pain medication, irrigation with CHX for a duration of 2 weeks,
and local topical use of CHX gel for several weeks following suture removal. Each center was
responsible for the choice of systemically administrated antibiotics for every case.

For metrical variables, e.g. PPD, CAL and Recession descriptive statistics including mean,
standard deviation, median range and percentages were applied to summarize the sample data.
Differences between groups were calculated using Analysis of Covariance (ANCOVA) or Chi-
Square-Test in the case of nominal data with intra-osseous depth and defect angle and wall number
as covariates. For pairwise group comparisons, Bonferoni post hoc test was used. A two tailed
significance level of a=5% was applied for all analyses.

3. Results

All three centers recorded and reported uncomplicated healing. All patients were compliant
with the SPT program and appeared at individual interval for re-evaluation and cleaning visits. At
one-year reevaluation, all patients from three centers demonstrated significantly improved clinical
parameters and positive alterations in crestal bone height followed up radiographically.

C1 enrolled 18 patients with 19 treated defects, C2 accounted for 21 patients with an equal
number of treated teeth, and C3 enclosed 15 patients with 15 teeth and sites to treat, respectively. The
homogeneity in patient age and defect morphology included in the three centers was confirmed by
non-significant differences of defect angle, intrabony depth component, number of defect walls,
initial probing depth (PD), and clinical attachment loss (CAL) loss. Furthermore, the age, gender and
smoking habits were similarly distributed among the patients from each center (Table 1). The
correlation between the outcome and the radiographic defect diminution (RDD/ADefect Fill) outcome
was statistically significant only for the baseline value and the intraosseous defect component
(P<0.001), not significant were the initial number of bony walls (P=0.174) or the defect angle (P=0.843).
Moreover, all groups exhibited similar distribution of morphologic defect characteristics (Table 1).

While the PD reduction was similarly effective in all three Centers (Table 2), the inner group
comparison revealed statistically significant difference in attachment level gain reported by C1, C2
and C3, (P<0.001, respectively) (Table 2; Figure 1). The Figures 2—4 depict and illustrate one
representative case per center including clinical images and periapical x-ray at baseline and 12-
months post-op.
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Table 1. Patient demofraphics, pooled defect characteristics and allocation per Center (C1-C3).

C1 C2 C3 Total p-
(n=19) (n=21) (n=16) (N=56) value
Age (years)
Mean + SD 585 9.2 46.6 9.3 53.1+139 525+11.7 0.004
Median 57 46 54 55
Min 36 32 20 20
Max 75 65 75 75
Gender
Male 10 (52.6%) 4 (19.0%) 6 (18.75%) 17(30.4%)  0.085
Female 9 (47.4%) 17 (81.0%) 10 (62.5%) 36 (64.3%)
Smoker
Yes 3 (15.8%) 4 (19.0%) 0 (0.0%) 7 (12.5%)  0.192
No 16 (84.2%) 17 (81.0%) 16 (100.0 49 (87.5%)
%)
Localisation
Mandible 13 (68.4%) 11 (52.4%) 11 (68.8%)  35(62.5%) 0.480
Maxilla 6 (9.47%) 10 (9.02%) 509.22%) 21 (37.5%)
Walls (n=)
1 4 (21.1%) 1( 4.8%) 6 (37.5%) 11(19.6%) 0.137
2 11 (57.8%) 17 (81.0%) 8 (50.0%) 36 (64.3%)
3 4 (21.1%) 3 (14.3%) 2 (12.5%) 9 (16.1%)
Intra-osseous depth (mm)
Mean + SD 596 £1.68 570 +£350 723+244 622+273 0.210
Median 59 5.1 7.8 6.0
Min 33 1.9 2.4 1.9
Max 10.6 15.3 11.0 15.3
Defect angle (°)
Mean + SD 28.54+9.80 31.32+9.66  32.88 + 30.82 + 0.508
Median 29.6 324 14.22 11.12
Min 14.0 14.6 31.35 31.7
Max 50.5 44.2 16.5 14.0
64.5 64.5
Defect width (mm)
Mean + SD 2.81+099 2.55+0.86 N/A 2621092 0.375
Median 2.7 24 2.55
Min 1.5 1.1 1.1
Max 4.8 45 4.8
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Table 2. Center allocated change between Baseline and 12-months exam for clinical parameters.

C1 C2 C3
Baseline 12-mo Baseline 12-mo Baseline 12-mo
PPD (mm)
Mean +  8.74+1.82 3.74+1.05 9.29+2.13  3.38+0.92  9.50+1.86 3.19+0.66
SD 8.00 4.00 9.00 3.00 9.50 3.00
Median 7 2 7 2 6 2
Minimum 13 6 12 6 12 4
Maximum
p-value <0.001 <0.001 <0.001
CAL (mm)
Mean+SD  10.68+2.31  7.00£2.29  9.62+2.38  4.10+1.76 11.25+2.46 5.69+1.45
Median 10.00 7.00 9.00 4.00 11.00 6.00
Minimum 7 4 7 2 7 3
Maximum 16 15 16 9 15 8
p-value <0.001 <0.001 <0.001
REC (mm)
Mean + SD 1.95+1.27 3.26+2.13  0.33x0.58  0.71+1.10  1.62+1.31 2.50+1.41
Median 2.00 3.00 0.00 0.00 1.00 3.00
Minimum 0 0 0 0 0 0
Maximum 5 10 2 3 4 5
p-value 0.003 0.008 0.029
* Tables may have a footer.
A 15m B .- *k s s C 5 sk dokdkok  dkokokok
dkokk  kdokk  kkokk Bl Baseline
ol ‘E‘ 4 ’—‘ |—‘ o ’—| 1 12 months
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0- 21— . : 0-
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Figure 1. Intragroup comparisons between preoperative and postoperative clinical parameters.
**p<0.01; ****p<0.0001; ns — non-significant.
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Figure 2. Center 1 showcase illustrating by (a) and (b) radiographically observed change in bone level
around the tooth 31 before surgery and 12-month post-op; by (c) and (d) defect extension and defect
grafteing at surgery; by (e) and (f) the result of grafting and clinical outcome at 12-moth exam.
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(8) (h)

Figure 3. Center 2 showcase illustrating by (a + b vs. c) radiographically observed change in bone
level around the tooth 25 before surgery and 12-month post-op; by (d - f) defect extension, defect
grafting at surgery and suture; by (g) and (h) clinical outcome at 12-moth exam.

The ACAL comparison between centers favored Center 2 vs. center 1 with a P=0.006, the
difference between C2 and C3 was statistically non-significant (P=0.718). The radiographic bone fill
was significantly greater in patients from Centers 2 and 3 vs. Center 1 (P=.003 and =.014, respectively),
(Table 3). The difference in radiographically documented defect fill between C2 and C3 was
statistically non-significant (P=1.0). The recession increased from baseline to 12 months visit at 1.2 —
1.3 mm in average for the Center 1 and 3, while Center 2 recorded a minimal recession increase of
less than 0.5mm.

The rate for pocket closure was estimated at> 90% in all treated sites regardless the type of
biomaterial. In detail, looking at residual PD < 4mm without BoP, C1 showed 89.5%, C2 95.3% and
C3 93.4% pocket closure rate. BoP appeared sufficiently reduced in all treated defects at an overall
rate of 93%, without greater difference between three centers.
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Among covariates the intra-osseous defect depth tested significant for the outcome in APPD,
ACAL and ADefect Fill (p<0.001). Other covariates such as defect angle, number of defect walls,
localization or defect width (if reported) were not significantly associated with the clinical outcome
(Table 3).
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Figure 4. Center 3 showcase illustrating by (a) and (b) radiographically observed change in bone level
around the tooth 21 before surgery and 12-month post-op; by (c) and (d) PPD and defect extension;
by (e) and (f) defect grafting at surgery as result barrier placement and xHyA application and clinical
outcome at 12-moth exam.

Table 3. Comparison of A-values between Centers, covariate analyses.

C1 C2 C3 p-value Significant
(n=19) (=21) (n= Overall Cluvs. C2vs. Clvs.C3  covariates
16) C2 C3
APPD 495+ 581+ 625+ 0.192 0.287 1.00 0.476 Intra-osseus
1.71 1.78 1.88 depth
(p<0.001)
ACAL 368+ 586+ 553+ 0.007 0.006 0.718 0.158 Intra-osseus
1.67 2.37 1.92 depth
(p<0.001)
REC 132+ 0.04+ 133+ 0.015 0.031 0.038 1.00 -
1.67 0.01 1.11
ADefect 333+ 495+ 597z 0.002 0.003 1.00 0.014 Intra-osseus
fill 1.76 2.43 2.49 depth
(p<0.001)

4. Discussion

This retrospective data analysis displayed a sufficient improvement for the patients treated by
any of the three centers. The successful treatment outcome per center documented both, the positive
alteration of means in clinical parameters and expressed by pocket closure rate per center.

Each center achieved significant reduction in PPD at a clinically relevant level with pocket
closure rates ranging from 90 to 94%. This change was accompanied by significant attachment level
gain in each group. As corroborated by 12 months results, both, the significant clinical attachment
gain and radiographic alveolar bone improvement remained constantly unaltered during the
observation period (Table 2, Figures 1-3).

The increased recession depth differed impressively between centers 1 and 3 compared to center
2. At both centers the recession increased by = 1.3mm, whereas Center 2 reported a minimal gingiva
margin level change of less than 0.5mm. The BoP tendency significantly decreased with each
treatment protocol, documenting uninflamed conditions of the post-op tissues at each center after
one year.

Nevertheless, the effectiveness of the chosen material composition proved to result in
statistically significant differences from the baseline outcomes each Center reported. Looking at the
baseline number of bony walls, which were almost alike in all three centers (P=0.137), the results from
Center 3 reported for the first time a significant CAL and bone gain accompanied by a using xHyA
without bone substitute in defects presenting with a diminished number of bone walls (i.e. 1.5 at
average). Stabilizing the defect by a polymer-derived membrane, the pocket closure effect at the level
of residual 3mm probing depth was constantly observed after 12 months (93%).

Both Centers C1 and C2 used Biologics (xHyA or EMD, respectively) for defect treatment
combined with a bone substitute to increase the defect stabilization in sites, which showed similar
morphology as those from C3. Although C3 patient’s defects were treated without any bone
substitute, the mean values for CAL, radiographic bone fill and defect resolution, indicate greater
conformity between C3 treatment approach and the EMD plus allograft treated sites from C2.
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The somewhat diminished outcome at C1 may have been rooted in the choice of the substitute
material. The bone substitute was a fleece with 98.9% porosity, proposed for tissue engineering [18].
The xenograft was recommended as a hemostatic device for enclosed defects [19]. Used in this series
as a graft in an open periodontal pocket environment, even in combination with xHyA the material
may have undergone more rapid degradation compared with an allograft used by C2. The high
proportion of collagen in this biomaterial may have been responsible for a rapid resorption
accompanied by a partial collapse of the flap into the infra-osseous defect. This healing pattern was
then associated with an increasing post-operative recession and reducing the potential for
regeneration of infra-osseous component. Previous studies pointed out that the type of collagen may
be crucial for supporting the bone regeneration process and fast collagen degradation may be
associated with limited outcome [20].

The regenerative potential of EMD in a new attachment formation was confirmed by a plethora
of RCTs and human histological studies [21-24]. The EFP guidelines recommend, however, in case
of minimized number of bony walls the combined use with a particulate bone graft, which prevents
the risk of tissue collapse into the defect. Thus, Center 1 and 2 combined the use of biologics (xHyA,
EMD) with either a xenograft (C1) or an allograft (C2) according to the recommendations for treating
defects characterized by a diminished number of walls [25,26]. One specific surgical technique
resulted - once applied alone - in a similar CAL gain as in combination with EMD, however, the defect
morphology was explicitly chosen for this clinical comparison [27].

Center 3, however, discarded the use of any particulate material to avoid an artificial radio-
opacity in the defect area, which possibly attributed to the presence of a grafting material in analyzing
the radiographs. Thus, the xHyA gel applied into the intrabony defect and onto the polymer
membrane was sought to enhance the soft tissue healing and to possibly support new attachment
formation. Therefore, the radiographically identified bone gain within the previous extension of
intrabony defect was clinically relevant and did not relate to the use of grafting material. Albeit the
bone gain appears impressive, there was no sign of an ankylosed process along previously exposed
roots detectable in all 15 cases. Moreover, a continuous gap between the new bone and root surface
was clearly present at all post-op x-rays from this center without exception indicating that
periodontal regenerative healing type occurred. These observations indicate that xHyA applied to
defects with a diminished number of bone walls (mean value 1.5 walls for C3) contributed to
regenerative outcome. Just published in vitro study corroborated the facilitating effect of xHyA on
cementoblasts regarding the protein expression and proliferation of cells in a scratch defect model
[15]. For the C3 group, the use of the polymer barrier also attributed to the regenerative effect [28].
Stavropoulos and Karring showed attachment level gain using the same kind of barrier in a 6-7-year
observational study with PPD improvement of 3.8+/-1.1 mm and a mean CAL gain of 3.8+/-1.4 mm
observed after 1 year. After 6-7 years, the corresponding values were 4.7+/-1.3 and 3.6+/-1.4 mm [29].

The comparison of the CAL gain yielded using EMD (3.4+/-1.0 mm (p<0.001) and 2.9+/-1.4 mm
(p<0.001)) vs. GTR technique (3.2+/-1.4 (p<0.001) and 2.8+/-1.2 mm (p<0.001) reported similar levels
for both treatments as at 1 year evaluation as 10 years post-op, respectively [22,30].

The results reported by this study based on a 1-year outcome. The CAL gain reported by C1 the
operator achieved without the presence of a barrier membrane and yielded within the
abovementioned range. Taken together, the outcomes from C1 and C3 likely indicated that xHyA has
influenced new attachment formation in patients from both centers. The C3 outcome in terms of CAL
gain and radiographic defect fill was none inferior to that from C2, which used the EMD allograft
combination.
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The most recent meta-analysis corroborated the benefits of regenerative treatment over the OFD
approach in terms of PD reduction, CAL gain and tooth retention during a 5 to 20 years post-op
observation period estimating the combined treatment options as more efficacious than the
monotherapy [24]. Considering that the treatment at all three centers was completed more than 1
year ago, one argument opposing the regenerative capacity of xHyA for reconstructing periodontal
tissues may address the lack of experimental data that time. Data from animal trials and the RCT
study closed meanwhile the gap in the evidence for its regenerative properties
histomorphometrically as well as clinically ([9,11].

The limitations of this retrospective data analysis are related to the nature of the study. Each
center had freedom in choosing the suture technique, the suture material, and the combination of
biomaterials. In so far, the surgical protocols differ, therefore the study could not represent a multi-
center study with a completely standardized protocol. In a consequence, any random allocation of
the patients to the groups of biomaterials was abandoned. Nevertheless, all involved surgeons were
skilled, well-trained periodontists with large surgical experience, thus one can speculate that the
choice of the material combination by each center reflected the most favored consideration at the
time.

5. Conclusions

Within the limits of this retrospective study, we consider that xHyA used in reconstructive
surgery for treating intrabony periodontal defects may contribute to the outcome at a similar range
as known for EMD. However, the mechanisms behind its function are yet to be understood.
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