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Abstract 

Aim: To evaluate the efficacy of recombinant human platelet-derived growth factor-BB (rhPDGF) combined 

with a cross-linked collagen matrix (CCM) for the treatment of multiple adjacent gingival recession type 1 

defects (MAGRs) in combination with the coronally advanced flap (CAF). 

Materials and Methods: Thirty patients were enrolled in this triple-blind, randomized, placebo-controlled, 

trial and treated with either CAF + CCM + rhPDGF, or CAF + CCM + saline. The primary outcomes was 

mean root coverage (mRC) at 6 months. Complete root coverage (CRC), gain in gingival thickness (GT), 

keratinized tissue width (KTW), volumetric and ultrasonographic changes and patient-reported outcome 

measures (PROMs) were also assessed. Mixed-modeling regression analyses were used for statistical 

comparisons. 

Results: At 6 months, the mRC of the CCM + rhPDGF and CCM alone groups were 88.25%, and 77.72% 

respectively (p=0.02). A significant gain in GT was consistently observed for both treatment arms, and more 

so for the patients receiving the matrix containing rhPDGF through time (0.51 mm vs 0.80 mm, on average, 

p=0.01). The rhPDGF + CCM treated patients presented greater volume gain, higher soft tissue thickness, and 

a superior esthetic score.  

Conclusion: rhPDGF enhances the clinical, volumetric, and esthetic outcomes of MAGRs above the results 

achieved with CAF + CCM alone. (ClinicalTrials.gov NCT04462237). 

 

 

Clinical relevance 

Scientific rationale for the study. Different biomaterials have been investigated as alternatives to the 

autogenous connective tissue graft for treating multiple adjacent gingival recessions. The root coverage 

outcomes of soft tissue graft substitutes may be further enhanced with the addition of growth factors and 

bioactive agents. 

Principal findings. Recombinant human platelet-derived growth factor (rhPDGF) in combination with a novel 

xenogeneic cross-linked collagen matrix (CCM) showed higher mean and complete root coverage compared 

to CCM alone. Sites allocated to CCM + rhPDGF obtained higher esthetic scores and a greater increase in 

gingival thickness than sites treated with CCM alone. Soaking CCM with rhPDGF may reduce early post-

operative morbidity, while no differences were observed between the two groups for the other investigated 

patient-reported outcomes. 

Practical implications. rhPDGF enhances the outcomes of CCM for root coverage procedures. Their 

combination therapy may be used as an alternative approach to the autogenous graft for multiple gingival 

recessions.



1. Introduction 

Gingival recession is a common condition that affects a significant portion of the population (Cortellini and 

Bissada, 2018, Romandini et al., 2020). Studies have demonstrated that among the variety of treatments 

available for the promotion of tooth root coverage, autogenous connective tissue graft (CTG)-based techniques 

are the most effective and predictable (Zucchelli et al., 2020, Cairo et al., 2014, Barootchi et al., 2020c). While 

most of the evidence on root coverage outcomes with the CTG or other techniques comes from treatment of 

isolated recession defects, gingival recession is more often a generalized condition (Zucchelli et al., 2019, 

Romandini et al., 2020). Therefore, it is not surprising that CTG substitutes, such as allogeneic dermal grafts 

and collagen matrices, have progressively gained popularity in the clinical arena for reducing patient 

morbidity, and due to their unlimited resources, making them strongly indicated for the treatment of multiple 

adjacent gingival recessions (MAGRs) (Tavelli et al., 2020b, Barootchi et al., 2021a). 

A novel porcine, porous collagen matrix has recently been introduced for soft tissue augmentation (Thoma et 

al., 2016, Thoma et al., 2017, Stefanini et al., 2020). This xenogeneic cross-linked collagen matrix (CCM) is 

characterized by a single porous layer, principally made of collagen type I and III, that has undergone chemical 

cross-linking for increasing its mechanical stability (Asparuhova et al., 2021, Mathes et al., 2010).  

Based on the principle of tissue engineering of maxillofacial and periodontal tissues (Lynch et al., 1989, Lynch, 

1999, Lynch, 2009), it is reasonable to assume that this novel CCM may also serve as a viable scaffold for the 

ingrowth of cells following growth factor-mediated root coverage procedures. Agis et al. observed an increased 

cellular population and metabolic activity in the matrix (Agis et al., 2014) when utilized as a scaffold for 

recombinant human platelet-derived growth factor-BB (rhPDGF) (Agis et al., 2014). A recent in vitro study 

demonstrated that rhPDGF can further enhance the effect of CCM on clot stabilization and regulation of the 

equilibrium between coagulation and fibrinolysis (Asparuhova et al., 2021). rhPDGF is known as a potent 

mitogen for fibroblasts and periodontal ligament cells (Hom and Maisel, 1992, Tavelli et al., 2020a). rhPDGF 

promotes angiogenesis by stimulating proliferation of pericytes and inducing macrophages to synthesize 

fibroblast growth factors and transforming growth factor beta. rhPDGF can also accelerate the rate of wound 

healing by enhancing fibroblast recruitment and activation and by increasing the wound breaking strength 

(Hom and Maisel, 1992, Tavelli et al., 2020a). Its combination with beta-tricalcium phosphate has been found 

to promote regeneration of Sharpey’s fibers, new cementum, and new bone in teeth with isolated gingival 

recessions (McGuire et al., 2009a, McGuire et al., 2009b). We speculate that rhPDGF can also enhance the 

properties of CCM in a clinical setting. Therefore, the aim of the present study was to investigate the effect of 

rhPDGF in combination with CCM for the treatment of MAGRs over a 6-month follow-up.  

 

2. Materials and Methods 

2.1 Study design and trial registration 

The present study was designed as a triple-blind, parallel-arm, randomized, placebo-controlled clinical trial to 

test the efficacy of rhPDGF in combination with a CCM (rhPDGF as the test group), versus CCM alone 

(scaffold matrix alone as the control group) for the treatment of MAGRs.  



This human clinical trial was registered prior to initiation at ClinicalTrials.gov (NCT04462237) and follows 

the CONSORT statement (Schulz et al., 2010b, Schulz et al., 2010a) (Fig. 1). The study protocol was approved 

by the Institutional Review Board of the University of Michigan Medical School (HUM00177214), in 

accordance with the Declaration of Helsinki of 1975, revised in Fortaleza in 2013. 

 

2.2 Participants 

Participants were recruited based on the following inclusion criteria: 

i) Periodontally and systemically healthy adults (age ≥ 18 years) presenting with at least 2 adjacent sites 

exhibiting gingival recessions (at least one MAGR) classified as recession type 1 (RT1)(Cairo et al., 2011), 

associated with dental hypersensitivity or esthetic concerns; ii) self-reported smoking ≤ 10 cigarettes/day; iii) 

full-mouth plaque and bleeding scores ≤ 20%; iv) presence of a least 2 mm depth on at least one recession, 

and v) patients being able to maintain good oral hygiene.  

The exclusion criteria included: i) compromised general health, ii) pregnancy or attempting to get pregnant 

(self-reported), iii) untreated periodontal disease, iv) persistence of uncorrected factitious gingival trauma from 

toothbrushing, v) presence of severe tooth malposition, rotation or super-eruption, vi) presence of root caries 

or inadequate prosthetic restorations, vii) previous periodontal plastic surgery at the experimental sites, viii) 

known allergy to collagen-based medical products. 

 

2.3 Interventions 

Eligible patients received a session of dental prophylaxis, including oral hygiene instructions that aimed at 

eliminating possible traumatic toothbrushing habits at least 1 month before the surgery. The intervention 

consisted of coronally advanced flap (CAF) with a CCM (Geistlich Fibro-Gide, Geistlich Pharma AG, 

Wolhusen, Switzerland), either saturated with a sterile saline solution (control group) or with rhPDGF-BB 

(GEM 21S, Lynch Biologics, Franklin, TN, USA, test group) (Fig. 2). Based on the location and distribution 

of the MAGRs, CAF was performed with a trapezoidal or envelope design, with horizontal or rotated papillae, 

with or without vertical incisions, as previously described (Zucchelli et al., 2009, Zucchelli and De Sanctis, 

2000, Tonetti et al., 2018b) (Appendix). After flap elevation and release, the root surfaces that were exposed 

to the oral cavity were scaled, planed and chemically conditioned using 24% of EDTA for 2 minutes (Barootchi 

et al., 2018). For both groups, the CCM was first extraorally trimmed with a 15c blade, based on the 

characteristics of the recession defects. The matrices were then saturated with a micro-injection needle 

containing 1.5 cc of the solution that was prepared and provided by another study member through a sealed 

envelope. All envelopes similarly stated “Research Solution” with the patients’ consecutively assigned 

identification (ID) numbers. The ID numbers were also marked on the injection needles. The scaffold 

constructs were left in the dappen dish for 15 minutes (Rubins et al., 2013, Rubins et al., 2014). The solution 

was also applied onto the dried root surfaces before stabilizing the matrices. Simple interrupted sutures (6/0 

and 7/0 PGA, AD Surgical, Sunnyvale, USA) engaging the matrix and the de-epithelialized anatomical 

papillae were performed for stabilizing the CCM at the recipient bed, approximately at the level of the 

cemento-enamel junction (CEJ) or 1 mm apical. Further stabilization of the matrix was also achieved, if 



necessary, with additional mattress sutures apical to the CCM, through engaging the periosteum. The flap was 

then coronally advanced and stabilized approximately 2 mm above the CEJ with sling sutures and simple 

interrupted sutures (6/0 and/or 7/0 polypropylene [Ethicon, Johnson & Johnson, Somerville, USA]) at the level 

of the papillae, completely covering the CCM. Simple interrupted sutures were performed at the level of the 

vertical incisions, if any (7/0 polypropylene [Ethicon, Johnson & Johnson, Somerville, USA]). 

A detailed description of the surgical intervention and the post-operative regimen is reported in the 

Supplementary Appendix. 

Patients returned at 1 week, 2 weeks, 1 month, 3 months, and 6 months after the surgery (Fig. 3).  

2.4 Outcomes 

The primary endpoint of this investigation was to test the efficacy of added rhPDGF onto the CCM, via 

comparison of the test and control groups in terms of the obtained mean root coverage (mRC) at 6 months, 

calculated as the percentage of defect coverage compared to baseline (Wang et al., 2001, Zucchelli et al., 

2009).  

The secondary outcomes that were analyzed and compared within the two groups included: 

1) Frequency of complete root coverage (CRC) at 6 months, expressed in percentage 

2) Recession depth (Rec) reduction at 6 months 

3) Gingival thickness (GT) gain at 6 months, evaluated with the conventional method of transgingival 

probing  

4) Soft tissue volume changes using an intraoral optical scanner, as changes relative to baseline (pre-

operative measures) 

5) Change in the augmented soft tissues/gingival thickness over time, evaluated using 

ultrasonography (longitudinally from baseline to 2 weeks, 3 months, and 6 months), referred to as 

ultrasonographic gingival thickness [UGT] at reference points 1.5, and 3 mm from the gingival 

margin. 

6) Changes in keratinized tissue width (KTW) at 6 months 

7) Professionally evaluated esthetics, with the Root coverage Esthetic Score (RES)  

 

2.4.1 Clinical measures 

The following clinical measurements were performed by a single masked and calibrated examiner (J.M.) at 

baseline and 6 months after the surgery on the mid-buccal aspect of all treated sites, using a periodontal probe 

(PCP UNC 15, Hu-Friedy, Chicago, IL, USA) as previously described (Zucchelli et al., 2010, Cairo et al., 

2016): i) Recession depth (Rec), ii) Probing depth (PD), iii) Clinical attachment level (CAL) and iv) 

Keratinized tissue width (KTW). REC and KTW were also assessed at 3 months.  

Gingival thickness (GT) was evaluated 1.5 mm apical to the gingival margin with an anesthesia needle carrying 

a silicon disc stop and a digital caliper with 0.01 mm of accuracy (Zucchelli et al., 2010, Cairo et al., 2016). 

Gingival phenotype was classified at each site as thin, medium, thick, or very thick using color-coded probes 

(Colorvue probes, Hu-Friedy, Chicago, IL, USA). The Root coverage Esthetic score (RES)(Cairo et al., 2009) 

was utilized at the last visit for the esthetic assessment of the root coverage procedures. Examiner calibration 



consisted of two repeated measurements of REC and KTW among 10 subjects who had not participated in the 

study (K coefficient of 0.89 for REC and of 0.88 for KTW, for obtaining measurements within 0.5 mm). 

 

2.4.2 STL file acquisition and Volumetric outcome assessment 

An intraoral optical scanner (Trios, 3Shape, Denmark) was utilized to generate digital models that were saved 

as STL files and imported in an image analysis software (GOM Inspect, GOM, Germany). A blinded and pre-

calibrated examiner with experience in 3D volumetric analysis (L.M.) performed all the measurements. The 

calibration consisted of two repeated measurements of the volumetric outcomes of interest in 10 STL files 

from subjects not participating in the study that underwent treatment of MAGRs (intraclass correlation 

coefficient ≥ 0.84) (Parvini et al., 2021). A semi-automated alignment, based on the selection of reproducible 

points on the digital models and on a best-fit algorithm, was used to superimpose the STL files (Borges et al., 

2020, Parvini et al., 2021). Each time point (1, 3 and 6 months) was superimposed with the baseline, which 

was used as the reference. The region of interest (ROI) was defined as previously described (Tavelli et al., 

2021d) at each treated site. The volumetric outcomes of interest were volume change in mm3 (Vol) and the 

mean distance between the surface/mean thickness of the reconstructed volume in mm (∆D) (Tian et al., 2019, 

Tavelli et al., 2021d, Fons-Badal et al., 2020, Xue et al., 2021, Schmitt et al., 2016). 

 

2.4.3 Ultrasound image acquisition 

The ultrasound equipment setup and the scanning procedures have been described in detail in previous reports 

(Barootchi et al., 2020a, Chan et al., 2017b, Chan and Kripfgans, 2020, Tavelli et al., 2021b, Barootchi et al., 

2021b). Briefly, a commercially available ultrasound imaging device (ZS3, Mindray) was coupled with a 24 

MHz (64 µm axial image resolution) and miniature-sized (approximately 30 mm long, x 18 mm wide x 12 mm 

thick) probe (L30-8) to generate ultrasound images. Single image frames (“still images”) at the mid-facial 

aspect of the site of interest were saved in “B-mode” in the Digital Imaging and Communications in Medicine 

(DICOM) format. “B-mode” generates 2D grey-scale images in which brightness is the result of the returned 

echo signal and its strength, which depends on the acoustical properties of the periodontal soft and hard tissues. 

The US probe was oriented perpendicular to the occlusal plane and parallel to the long axis of the tooth at its 

midfacial aspect (Chan and Kripfgans, 2020, Tavelli et al., 2021b). A public-domain software package 

(HorosTM, version 3.3.6, Horos Project) was utilized for evaluating gingival thickness (ultrasonographic 

gingival thickness [UGT]) at 1.5- and 3-mm reference points from the gingival margin (Chan et al., 2017a, 

Tattan et al., 2019). 

 

2.4.4 Patient-reported outcome measures (PROMs) 

Post-operative morbidity was assessed using a questionnaire that was given to patients at the end of the 

surgical procedure and that included a 100-mm visual analogue scale (VAS) for each of the 15 post-

operative days. Time to recovery was calculated as the time required to reach a VAS < 10 (Tonetti et al., 

2018b). Patient-reported esthetics of the gingival recessions and dentin hypersensitivity (DH), assessed using 

the air spray approach (Meza-Mauricio et al., 2021), were obtained at baseline and 6 months using a 100-mm 



VAS. At the last follow-up visit, participants were also asked to rate the overall treatment satisfaction (SAT) 

using a 100-mm VAS.  

 

2.5 Sample size 

This clinical trial was powered to detect a minimum clinically significant difference in root coverage (recession 

reduction) of 0.5 mm using α = 0.05, a power (1- β) of 80%, and a hypothesized within-group sigma of 0.4 

mm (Cairo et al., 2016). Considering possible dropouts, the number of patients were increased by 15% for 

each arm. On the basis of these data, the minimum number of patients needed to be enrolled in this study was 

30 in total, 15 for the test (CCM + rhPDGF), and 15 for the control group (CCM + saline).  

 

2.6 Stratified sequential randomization 

Three sets of ten patients were stratified by a computer software to obtain two equally balanced groups (of A 

and B) based on baseline characteristic of initial recession depth, arch, and smoking status. By the flip of a 

coin of the study coordinator, it would be decided which of the two groups would serve as test (CCM + 

rhPDGF), and which would be control (CCM + sterile saline solution, as placebo).  

On the day of the surgery, the surgeon would receive a sealed envelope with the patient’s ID number, 

containing a syringe with 1.5 cc of a clear solution which could have either been sterile saline (control), or 0.3 

mg/mL rhPDGF (test group). The test and control envelopes and syringes appeared identical. The patients, the 

surgeon, and other study team members were unaware and remained uninformed of the test/control treatment 

allocation. All patients received treatment as they were assigned. 

 

2.7 Trial monitoring 

An independent study monitor (L.K.) periodically assessed the progress of the clinical trial, and observed 

aspects pertaining to recruitment, safety, data quality and critical efficacy endpoints, to ensure compliance 

with the study protocol, quality in patient enrollment, the interventions, and data collection.  

 

2.8 Statistical methods & Outcome assessment 

The gathered data were entered into a prefabricated spreadsheet, as per patients’ ID numbers, and group 

identities (1 and 2). Means and standard deviations (SD) were calculated for continuous measures (mRC, Rec, 

KTW, GT, Vol,  ∆D, etc.). CRC was calculated as the percentage of sites that achieved a complete coverage 

at 6 months and expressed as a binary outcome.  

Linear mixed-effects models were used to assess statistical differences for the primary outcome of mRC, as 

well as the other continuous secondary endpoints. Linear mixed-logistic regression models were utilized for 

binary outcomes, of which coefficients were exponentiated to produce odds ratios (ORs) from log odds. All 

models accounted for repeated measures and correlations induced by multiple sites per patients, and multiple 

time points. The analysis of Rec and UGT were initially performed longitudinally, with the inclusion of Rec 

baseline and its interaction with the indicator of Rec being measured post-treatment initiation, to check for 

successful randomization, and similarly for baseline UGT, in their corresponding model. For the primary 



outcome (efficacy of rhPDGF relative to mRC at 6 months between the two groups), and to assess potential 

treatment-effect heterogeneity, baseline Rec was included as a fixed-covariate to investigate the influence of 

Rec baseline. In the event that a baseline variable was not significant, it was dropped from the final model 

(Supplamentary Appendix). 

Confidence intervals (CI) were produced and a p value of 0.05 was set for statistical significance. Descriptive 

statistics were utilized to show the gathered clinical data, displayed in tabular form with SDs. Line charts were 

also used for visualization of continuous means with corresponding SDs of outcomes of interest. The 

randomization, as to which among the two groups (1 or 2) served as the test sites was revealed at the end of 

the analysis by the study coordinator (A.O). All analyses were performed using a specified software (RStudio, 

Version 1.3.959), by a separate author (S.B.) with experience in biostatical analyses who had not participated 

in the clinical measurements, and was absent at the time of the surgical procedures.  

 

3. Results 

3.1 Participant flow, baseline data and numbers analyzed 

Thirty subjects (19 female, 11 males, mean age 38.4 ± 11.5 years), 15 per group, were randomized and received 

the allocated treatments. Each patient received a single (either test or control) treatment consisting of 2-5 

MAGRs. Forty-four sites were allocated to the control group and treated with CCM + saline, while 47 teeth 

received CCM + rhPDGF. One patient in the control group was a light smoker (2-3 cigarettes per day), while 

no smokers were present in the test group. All subjects completed the follow-up visits and complied with the 

study recall appointments (Fig. 1). Patient characteristics and baseline measurements of the study sites within 

groups are reported in the Supplementary Appendix, and in Table 1, respectively.  

 

3.2 Clinical and esthetic outcomes 

The CCM graft dimensions did not differ significantly between the test and control groups (Supplementary 

Appendix). The healing was uneventful for all treated sites without any adverse events throughout the entire 

study.  

Table 1 describes the obtained clinical and esthetic measurements at 6 months. 

For the primary outcome of mRC at 6 months, the results of the mixed models demonstrated that the test group 

(CCM + rhPDGF) obtained a significantly higher value of 88.25%, versus 77.72% for control (CCM) 

(estimated coefficient of 10.47 (95% CI [2.43, 18.51], p=0.02)). CRC was also significantly higher at test sites 

(OR 11.35 (95% CI [1.77, 77.39]), p<0.01). In addition, increase in GT was also significantly in favor of test 

sites (0.22 mm (95% CI [0.04, 0.4]), p=0.01). The changes in KTW only approached significance (0.39 mm 

(95% CI [-0.003, 0.792]), p=0.058), in favor of the test group. Analysis of Rec revealed a significantly superior 

Rec reduction in the test sites (-0.28 mm (95% CI [-0.53, -0.02]), p=0.03). All the sites in the test and control 

groups showed an increase in gingival phenotype, when assessed with color-coded probes. Professional 

esthetic evaluation using the RES displayed a statistically significant better score in favor of the test group 

(1.14 (95% CI [0.18, 2.10]), p=0.02) (Table 1 and Supplementary Appendix).  

 



3.3. Volumetric outcomes 

At 6 months, both groups and all treated sites showed a significant volumetric increase relative to baseline 

(pre-operative measures), which was significantly higher at the test sites, for the outcome of ∆D (0.17 (95% 

CI [0.03, 0.31]), p=0.02), and Vol (14.99 (95% CI [0.11, 29.87]), p=0.048). (Fig 4 and Table 1, as well as 

additional data in the Supplementary Appendix). 

 

3.4 Ultrasonographic assessment of gingival thickness changes 

The analysis of ultrasonographic gingival thickness (UGT) was performed longitudinally, to assess the rate of 

change in thickness with respect to time from baseline throughout the observed healing periods of 2 weeks, 3 

months, and 6 months after the two interventions (Figures 5 and 6). 

Based on the mixed model, it was found that the changes in thickness at 1.5 and 3 mm reference points below 

the gingival margin were significantly less for the test group over time (0.25 mm at 1.5 mm ref. point (95% CI 

[0.09, 0.418]), p=0.006), and 0.32 mm at the 3 mm ref. point (95% CI [0.091, 0.55], p=0.009), indicating a 

less “shrinkage” of tissues at the test sites compared to the control, and thus a significantly greater UGT at the 

final study time point. 

 

3.5 Patient-reported outcome measures (PROMs) 

Subjects allocated to the test group reported an overall lower morbidity during the first five post-operative 

days compared to the control group (mean VAS 24.2 ± 6.6 vs 36.4 ± 5.1, respectively). The mean VAS 

observed from day 6 to day 10 was 9.5 ± 3.8 in the test group and 13.7 ± 2.3 in the control group. From day 

11 to day 15, the mean VAS for the test and control group was 2.7 ± 1.5 and 6.0 ± 3.6, respectively. The mean 

time to recovery was 8.1 ± 1.6 days (8 to 9 days) for the subjects allocated to the test group, and 11.4 ± 1.5 

days (11 to 12 days) for the subjects allocated to the control group. 

Both groups showed a substantial improvement of EST from baseline to 6 months (mean EST change of 61.9 

and 61.8 VAS for the test and control group, respectively). The mean SAT reported at 6 months was 90.0 and 

89.1 VAS for the test and control group, respectively (Supplementary Table 5 of the Appendix). 

The intervention resulted in an average DH reduction of 25.8 and 26.8 VAS for the test and control group, 

respectively. Thirty-four percent of the subjects allocated to the test group showed no DH (VAS = 0) at the 

last follow-up, while 25% of subjects of the control group reported no DH (VAS = 0) at 6 months. The 

percentage of participants describing residual DH ≤ 10 VAS at 6 months was 61.4 and 63.8 for the sites treated 

with CCM + saline and sites treated with CCM + rhPDGF, respectively. Only one subjects per each group 

reported a residual DH of ≥ 50 VAS at the last visit (Supplementary Table 5 and 6 of the Appendix). 

 

 

4. Discussion 

4.1 Main root coverage findings 

This clinical trial was designed to evaluate if the addition of rhPDGF to CCM would improve the clinical 

outcomes of treating MAGRs, compared to the use of a saline-hydrated CCM. The mRC at 6 months was set 



as the primary endpoint of the present investigation, and this analysis revealed that rhPDGF-treated sites 

achieved significantly higher mRC compared to sites allocated to the CCM + saline group (88.3% vs 77.7%, 

on average, respectively). We also observed statistically higher Rec reduction and CRC at the 6-month follow-

up for the test compared to the control group (CRC 59.6% vs 20.5% favoring the test group, with an odds ratio 

of 11.35).  

These findings are consistent with the mechanism of action of rhPDGF in enhancing angiogenesis and 

accelerating the early stages of wound healing (Steed, 2006, Cheng et al., 2007, Kaltalioglu and Coskun-

Cevher, 2015) that may have promoted a faster revascularization and resolution of the  inflammatory phase 

and more complete ingrowth of connective tissue, all leading to reduced soft tissue shrinkage. The growth 

factor has also been shown to accelerate fibroblast proliferation, production of the extracellular matrix, as well 

as the rate for re-epithelialization and wound closure (Cooke et al., 2006, Cheng et al., 2007, Sun et al., 2007, 

Jin et al., 2008, Kaltalioglu and Coskun-Cevher, 2015). It can therefore be assumed that rhPDGF enhances 

mRC and CRC of CCM by accelerating angiogenesis, vascular and cell invasion into the scaffold matrix, 

promoting a faster and better soft tissue healing.  

One may question the clinically relevance of in mRC between the test and control group (≅ 10.5%). However, 

it should be noticed that the estimated average mRC of the gold standard CTG and acellular dermal matrix, 

which has been defined “the soft tissue substitute that may provide the most similar outcomes to those achieved 

by subepithelial CTG” by a recent Cochrane review (Chambrone et al., 2018), is 85% and 75%, respectively 

(Cairo, 2017). Therefore, it can be speculated that adding rhPDGF to a soft tissue graft substitute could be the 

determining factor for matching the root coverage outcomes of autogenous CTG. Nevertheless, future non-

inferiority randomized controlled trials are needed to investigate this assumption. 

Previous applications of rhPDGF for the treatment of gingival recessions have included the use of the growth 

factors with either synthetic bone graft, acellular dermal matrix or CTG (McGuire et al., 2009a, Carney et al., 

2012, Rubins et al., 2014, Parween et al., 2020a), with a mRC ranging from 69% to 88.7%, as found in a recent 

review from our group (Tavelli et al., 2021e). While a study by Carney et al. did not find differences in the 

root coverage outcomes of acellular dermal matrix with or without the growth factor (Carney et al., 2012), 

Parween and coworkers showed significantly higher mRC and CRC for the group in which CTG was soaked 

with rhPDGF (Parween et al., 2020b). Thus, one could assume that the properties of the scaffold material can 

play a key role on the final outcomes of biologic-mediated approaches and tissue engineered grafting materials 

(Kuo et al., 2018, Tavelli et al., 2020a). A recent multicenter non-inferiority trial failed to demonstrate 

comparable mRC between CCM and CTG (70.7% vs 90.5%, respectively)(McGuire et al., 2021). 

Interestingly, the mRC and CRC obtained in this trial at the sites treated with CCM + rhPDGF are in line with 

the ones reported by McGuire and coworkers for CAF + CTG (90.5% and 66%) and, overall, with the expected 

outcomes of CAF + CTG described in the literature (mRC 84.7% and CRC 51.8%) (Cairo, 2017). 

 

4.2 Gingival thickness assessment and outcomes 

GT has been shown to be significantly associated not only to the early root coverage outcomes (Baldi et al., 

1999, Huang et al., 2005), but also to the stability of the gingival margin over time (Barootchi et al., 2020c, 



Tavelli et al., 2019b). This parameter has been traditionally evaluated using the transgingival probing method. 

However, the need for a customized stent, the possibility in bending of the needle/endodontic instruments, 

patient discomfort and limited accuracy have led clinicians to explore new methods for assessing GT (Fons-

Badal et al., 2020, Tavelli et al., 2021d, McGuire et al., 2009a, Schulz et al., 2010a). Digital scanning and 

superimposition of the obtain STL files has shown to be a valid tool for assessing soft tissue volumetric 

changes, although the actual value of GT at different time points cannot be measured. Ultrasonography has 

been proved to be a non-invasive and reliable technology for characterizing oral structures (Barootchi et al., 

2020b, Siqueira et al., 2021, Tavelli et al., 2021a) (Chan et al., 2017b, Tattan et al., 2019, Barootchi et al., 

2020b), and it has been recommended as the approach of choice for assessing longitudinal changes in soft 

tissue thickness and grafted biomaterials (Tavelli et al., 2021c, Chan and Kripfgans, 2020). In the present 

study, we investigated and described GT changes as a result of root coverage procedure, using transgingival 

probing (for facilitating comparisons with the existing literature), as well as digital scanning and 

ultrasonography. To the best of our knowledge, this is the first clinical report assessing GT changes following 

root coverage procedure with these three different analytical methods.  

The mean GT gain at 6 months assessed with transgingival probing 1.5 mm apically to the gingival margin 

(0.51 mm and 0.80 mm in the control and test group, respectively) was in line with the measurements obtained 

from the ultrasound scans at the same level (mean UGT 0.45 mm and 0.75 mm, in the control and test group, 

respectively). The mean thickness of the ROI (∆D) obtained from the superimposition of the digital 

impressions at baseline and 6 months was 0.73 mm and 0.91 mm, for the control and test groups, respectively.  

The higher mean volume stability observed when the grafted CCM was combined with rhPDGF may be 

attributed to the enhanced migration and proliferation of fibroblasts promoted by the growth factor (Agis et 

al., 2014, Tavelli et al., 2020a). This property of the novel CCM – increasing GT – seems to be crucial when 

treating gingival recessions, as soft tissue phenotype modification plays a key role on the stability of the 

gingival margin over time (Tavelli et al., 2019b, Barootchi et al., 2020c).  

The limited gain in GT and the inferior root coverage outcomes compared to the autogenous CTG, together 

with a high tendency towards recession recurrence in the long-term (McGuire and Scheyer, 2016, Tonetti et 

al., 2018a, Tavelli et al., 2019a, Barootchi et al., 2020c) have been the main drawback of the first generation 

xenogeneic collagen matrices. The second generation CCM – as utilized in this study and characterized by the 

cross-linking of collagen – may have a better propensity for promoting soft tissue phenotype modification as 

compared to the previous collagen matrix. In line with a previous study demonstrating that GT ≥ 1.2 mm and 

KT ≥ 2 mm 6 months after root coverage using a soft tissue graft substitute were predictors for the long-term 

stability of the gingival margin (Tavelli et al., 2019b), it may be speculated that several of the treated sites in 

our clinical trial will maintained the 6-month outcomes also in the long term. Nevertheless, limited evidence 

is available at the present moment on the root coverage outcomes with this recently introduced CCM, and the 

above-mentioned correlation between GT, KT and the stability of the root coverage outcomes may not be valid 

for this novel graft material. In addition, it should be considered that the stability of gingival margin in the 

long-term largely depends also on patient compliance with follow-up visits where oral hygiene procedure and 



toothbrushing technique can be checked and reinforced, to avoid the reassumption of traumatic toothbrushing 

(Pini Prato et al., 2011, Moslemi et al., 2011). 

 

4.3 Keratinized tissue width changes 

Another interesting outcome from this study is the negligible change of KTW in both groups. Although it has 

been speculated that inducing keratinization of the alveolar mucosa is typically a prerogative of autogenous 

CTGs (Zucchelli et al., 2020), some authors have reported a considerable gain in KTW with graft substitutes 

(McGuire and Scheyer, 2010, Moslemi et al., 2011, Ayub et al., 2014, Cardaropoli et al., 2014, Stefanini et 

al., 2016). Nevertheless, a recent network meta-analysis further corroborated the superiority of CTG over 

acellular dermal matrix and collagen matrix for KTW gain, with collagen matrix that did not show a 

statistically significant change in KTW compared to flap alone (Barootchi et al., 2020c). In line with the 

findings of this study, Stefanini et al. obtained a mean KTW gain of 0.4 mm after 6 months when utilizing 

this second generation of collagen matrix (Stefanini et al., 2020). Similarly, no significant KTW alterations 

were observed over a 1-year observation period when CCM was used for peri-implant phenotype 

modification (Huber et al., 2018). Despite the scaffolding properties of facilitating fibroblast chemotaxis and 

ingrowth within the matrix, it appears that the CCM, even with the addition of rhPDGF, has limited potential 

to induce keratinization of the overlying alveolar mucosa, at least in the short term. 

 

4.4 Patient-reported outcome measures 

The growth factor showed to promote a faster recover and significantly less post-operative morbidity perceived 

during the first five days. This finding is consistent with the property of rhPDGF of encouraging the migration 

of neutrophils and macrophages to the wound sites, resulting in a shorter inflammatory phase and quicker 

healing (Kim et al., 2020, Steed, 2006, Kaltalioglu and Coskun-Cevher, 2015). 

The root coverage therapy was found effective in reducing dentin hypersensitivity, with the patients reporting 

an average reduction of 26-27 VAS points after 6 months. These results are in line with previous trials reporting 

similar VAS values for dentin hypersensitivity following root coverage, regardless of the treatment approach 

(Cairo et al., 2020, Moreira et al., 2016, Rocha Dos Santos et al., 2017, Santamaria et al., 2017, Santamaria et 

al., 2021). Nevertheless, it should be highlighted that, although a remarkable reduction in DH was observed in 

both groups, there were several subjects reporting residual DH at 6 months. Therefore, clinicians should keep 

in mind that root coverage procedure with CAF + CCM (either with or without rhPDGF) can reduce, but often 

not completely resolve, DH. 

A substantial improvement in patient-reported esthetics (≅ 62 VAS) and overall treatment satisfaction (89-90 

VAS) was found following the root coverage procedure. These results highlight a certain discrepancy between 

patients’ subjective assessment and professional esthetic evaluation using the RES. While professional VAS 

has the advantage of assessing the esthetics of gingival recessions also at baseline, providing the magnitude of 

improvement following root coverage procedures, the RES is currently considered the gold standard for rating 

the final esthetic outcome and it is mainly determined by the position of the gingival margin and the 



achievement of CRC. The addition of a professional evaluation of the esthetic outcomes using a VAS would 

have been beneficial for comparing patients’ and operators’ scores and it is advocated in future studies.  

 

4.5 Strength and limitations of the study 

Among the strength of the present clinical investigation, a triple-blinded design, the evaluation of GT changes 

with traditional transgingival probing, digital scanning and ultrasonography, as well as the utilization of an 

independent study monitor ensuring compliance with the study protocol and quality in data collection need to 

be highlighted.  

On the other hand, it would have been interesting evaluating the root coverage outcomes of an additional 

treatment arm, involving either CAF alone, as a negative control, or CAF in combination with CTG, as the 

standard of care. Readers should be aware that the present study describes short-term outcomes and therefore 

caution is needed when interpreting our findings. Longer follow-up will be needed to assess the stability of the 

obtained results and whether the benefits observed at rhPDGF-treated sites are sustained also in the long-term.  

It should be also highlighted that using growth factors inevitably increases the cost of the surgical procedure, 

and that future studies with longer follow-up and cost-benefit analyses are needed to further evaluate the 

overall advantages of growth factor-mediated root coverage procedures. Health economics should be carefully 

considered when choosing new treatments and technologies (Hammerle et al., 2014). Future studies may also 

include the assessment of other biomaterials for their ability to be utilized as scaffolds and suitable carriers for 

rhPDGF, or other biologic mediators, potentially within multi-arm studies to further determine their relative 

clinical efficacy, in the ultimate pursuit towards less invasive and more patient-centered periodontal plastic 

reconstructive procedures.  

 

5. Conclusion 

Within the limitations of the study, recombinant human platelet-derived growth factor-BB enhances the 6-

month root coverage outcomes of a xenogeneic collagen matrix in the treatment of multiple adjacent gingival 

recession defects with the coronally advanced flap. Greater volumetric and esthetic outcomes were also 

observed in the sites that received rhPDGF, while overall similar patient-reported outcomes were found 

between the two groups. Future studies are needed to investigate the long-term results and cost-effectiveness 

of recombinant human platelet-derived growth factor-BB when utilized with a collagen scaffold for root 

coverage procedure.  
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Table 1. Clinical, volumetric, and esthetic outcomes at the 6-month follow-up visits. 

Figure 1. CONSORT flowchart. 

Figure 2. Surgical intervention in a participants allocated to the test group. A-C) Baseline. D) Flap design. 

E) Flap elevation and removal of the submucosal and muscular tissue. F) Chemical root conditioning with 

24% EDTA applied for 2 minutes. G) Xenogeneic collagen matrix trimmed according to the dimension of 

the surgical site. H) Collagen matrix after being soaked for 15 minutes in the liquid solution (rhPDGF in this 

case). I-J) The collagen matrix is applied on the recipient bed and sutured to the de-epithelialized anatomical 

papilla and to the periosteum. L-M) Flap advancement and suturing. N-P) 6-month outcomes. 

Figure 3. Study timeline from the initial visit (V1) to the 6-month follow-up visit (V6).  

Figure 4. 3D volumetric analysis between the two groups. (Legend: BL: baseline; 1M: 1 month; 3M: 3 

months; 6M: 6 months). 

Figure 5. Ultrasonographic evaluation of gingival thickness (UGT) changes within the two groups. 

Figure 6. Ultrasonographic evaluation of gingival thickness (UGT) changes over time. A-D) Ultrasound 

scans of the same site at different time points where the soft tissue component has been highlighted in blue. 

A) Ultrasound scan of a site allocated to the control group at baseline (BL). B) Ultrasound scan 2 weeks after 

the intervention (2w). C) Ultrasound scan 3 months after the intervention (3m). D) Ultrasound scan 6 months 

after the intervention (6m). E) Superimposition of the soft tissue profile at different time points. “Cr” 

identifies the crown of the tooth, “R” the root and “CB” the crestal bone. The grey line shows the profile of 

the buccal bone, the root and the crown, the green line highlights the soft tissue profile at baseline, while the 

orange, light blue line and purple lines identifies the soft tissue profile 2 weeks, 3 months and 6 months 

following the intervention, respectively. F) Graphic representation of UGT changes over time between the 

two groups assessed 1.5 mm below the gingival margin and 3 mm below the gingival margin. Note that UGT 

was analyzed longitudinally with respect to changes over time, for statistical inferences the reader may refer 

to the text in the results section. 
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Table 1. Clinical, volumetric, and esthetic outcomes at baseline and 6-month follow-up visits.  

 

Outcome 

Matrix + saline 
(N= 44) 

Matrix + rhPDGF 
(N= 47) 

Baseline 6 months Baseline 6 months 

Rec depth 
(mean ± SD) (mm) 

3.05 ± 1.21 0.70 ± 0.50 2.87 ± 0.78 0.33 ± 0.49* 

KTW (mean ± SD) (mm) 2.10 ± 1.28 2.34 ± 0.99 2.48 ± 0.87 2.81 ± 0.84 

GT (mean ± SD) (mm) 0.84 ± 0.27 1.38 ± 0.33 0.92 ± 0.26 1.67 ± 0.31* 

mRC (mean ± SD) (%)  77.72 ± 14.90  88.25 ± 16.31* 

CRC (%)  20.45  59.57* 

KTW gain (mean ± SD) 
(mm) 

 0.25 ± 1.08  0.32 ± 0.84 

GT gain (mean ± SD) (mm)  0.51 ± 0.25  0.80 ± 0.39* 

Vol (mean ± SD) (mm3)  58.67 ± 32.98  75.39 ± 24.76* 

∆D (mean ± SD) (mm)  0.73 ± 0.35  0.91 ± 0.19* 

Final RES (mean ± SD) 
(points) 

 6.98 ± 1.41  8.17 ± 1.99* 

 
Legend. CAL: clinical attachment level. CRC: complete root coverage. GT: gingival thickness. KTW: keratinized 

tissue width. mRC: mean root coverage. N: number of treated sites. PD: pocket depth. Rec: recession. RES: root 

coverage esthetic score. SD: standard deviation. Vol: volumetric change in mm3. ∆D: mean thickness of the 

reconstructed volume. * denotes statistical significance based on p<0.05 threshold from the mixed-model



Figure 1. CONSORT flowchart. 

 

 
 

 

 



Figure 2. Surgical intervention in a participants allocated to the test group. A-C) Baseline. D) Flap design. 

E) Flap elevation and removal of the submucosal and muscular tissue. F) Chemical root conditioning with 

24% EDTA applied for 2 minutes. G) Xenogeneic collagen matrix trimmed according to the dimension of 

the surgical site. H) Collagen matrix after being soaked for 15 minutes in the liquid solution (rhPDGF in this 

case). I-J) The collagen matrix is applied on the recipient bed and sutured to the de-epithelialized anatomical 

papilla and to the periosteum. L-M) Flap advancement and suturing. N-P) 6-month outcomes. 

 



Figure 3. Study timeline from the initial visit (V1) to the 6-month follow-up visit (V6).  

 

 
 



Figure 4. 3D volumetric analysis between the two groups. (Legend: BL: baseline; 1M: 1 month; 3M: 3 

months; 6M: 6 months). 

 



Figure 5. Ultrasonographic evaluation of gingival thickness (UGT) changes within the two groups. (Legend: 

“Cr” identified the crown of the tooth and “R” the root. The soft tissue has been highlighted in blue). 

 



Figure 6. Ultrasonographic evaluation of gingival thickness (UGT) changes over time. A-D) Ultrasound 

scan of the same site at different time points where the soft tissue component has been highlighted in blue. 

A) Ultrasound scan of a site allocated to the control group at baseline (BL). B) Ultrasound scan 2 weeks after 

the intervention (2w). C) Ultrasound scan 3 months after the intervention (3m). D) Ultrasound scan 6 months 

after the intervention (6m). E) Superimposition of the soft tissue profile at different time points. “Cr” 

identifies the crown of the tooth, “R” the root and “CB” the crestal bone. The grey line shows the profile of 

the buccal bone, the root and the crown, the green line highlights the soft tissue profile at baseline, while the 

orange, light blue line and purple lines identifies the soft tissue profile 2 weeks, 3 months and 6 months 

following the intervention, respectively. F) Graphic representation of UGT changes over time between the 

two groups assessed 1.5 mm below the gingival margin and 3 mm below the gingival margin.  

Note that UGT was analyzed longitudinally with respect to changes over time, for statistical inferences the 

reader may refer to the text in the results section. 
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Table 1. Clinical, volumetric, and esthetic outcomes at baseline and 6-month follow-up visits.  

 

Outcome 

Matrix + saline 
(N= 44) 

Matrix + rhPDGF 
(N= 47) 

Baseline 6 months Baseline 6 months 

Rec depth 
(mean ± SD) (mm) 

3.05 ± 1.21 0.70 ± 0.50 2.87 ± 0.78 0.33 ± 0.49* 

KTW (mean ± SD) (mm) 2.10 ± 1.28 2.34 ± 0.99 2.48 ± 0.87 2.81 ± 0.84 

GT (mean ± SD) (mm) 0.84 ± 0.27 1.38 ± 0.33 0.92 ± 0.26 1.67 ± 0.31* 

mRC (mean ± SD) (%)  77.72 ± 14.90  88.25 ± 16.31* 

CRC (%)  20.45  59.57* 

KTW gain (mean ± SD) 
(mm) 

 0.25 ± 1.08  0.32 ± 0.84 

GT gain (mean ± SD) (mm)  0.51 ± 0.25  0.80 ± 0.39* 

Vol (mean ± SD) (mm3)  58.67 ± 32.98  75.39 ± 24.76* 

∆D (mean ± SD) (mm)  0.73 ± 0.35  0.91 ± 0.19* 

Final RES (mean ± SD) 
(points) 

 6.98 ± 1.41  8.17 ± 1.99* 

 
Legend. CAL: clinical attachment level. CRC: complete root coverage. GT: gingival thickness. KTW: keratinized 
tissue width. mRC: mean root coverage. N: number of treated sites. PD: pocket depth. Rec: recession. RES: root 
coverage esthetic score. SD: standard deviation. Vol: volumetric change in mm3. ∆D: mean thickness of the 
reconstructed volume. * denotes statistical significance based on p<0.05 threshold from the mixed-model 




