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The aim of this prospective study was to evaluate the efficacy of a cross-linked xenogeneic 
volume-stable collagen matrix (CCM) in treating gingival recessions (GRs) at teeth presenting with 
cervical restorations or noncarious cervical lesions (NCCLs). Fifteen patients with esthetic concerns 
for multiple sites with GRs and cervical restorations were consecutively enrolled. The sites were 
treated with a coronally advanced flap (CAF) design in combination with a CCM. When present, 
the previous restoration was removed, and the cementoenamel junction was reconstructed with a 
composite material. The CCM was stabilized on the root surface(s) previously occupied by the res-
toration. The CAF was sutured to completely cover the graft. Clinical measurements and intraoral 
digital and ultrasonographic scans were collected at baseline and at 3 and 6 months postsurgery. 
Limited postoperative discomfort was reported by patients during the healing. The mean root 
coverage at 6 months was 74.81%. Average increases in gingival thickness of 0.43 mm and  
0.52 mm were observed when measured with ultrasonography 1.5 mm and 3 mm apical to the 
gingival margin, respectively (P < .05). Relatively high patient-reported satisfaction and esthetics 
were associated with the treatment outcomes. The treatment resulted in a significant reduction in 
dental hypersensitivity (mean: 33 VAS points). The present study demonstrated that CAF + CCM is 
an effective approach for treating GRs at sites with cervical restorations or NCCLs. Int J Periodon-
tics Restorative Dent 2023;43:147–154. doi: 10.11607/prd.6448
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Gingival recession (GR) is a common 
condition that can cause esthetic 
concerns and dental hypersensitiv-
ity.1,2 Among the several predispos-
ing and precipitating factors that 
have been identified for GRs, trau-
matic toothbrushing is considered 
one of the main determinants for its 
occurrence.2 Traumatic toothbrush-
ing can also cause loss of tooth 
structure at the level of the enamel, 
on the crown, and on the root sur-
face (known as noncarious cervical 
lesions [NCCLs]). GRs associated 
with NCCLs are often “treated” with 
composite restorations, resulting in 
a long, nonesthetic, and unnatural 
appearance. 

One of the main challenges for 
properly addressing these condi-
tions is identifying the cemento-
enamel junction (CEJ).2–4 Indeed, an 
unidentifiable CEJ does not allow a 
reference point for flap design and 
suturing, and it does not allow for an 
accurate evaluation of the obtained 
treatment outcomes.4 

Pini-Prato et al introduced a 
classification of surface defects 
in GRs based on the presence/ 
absence of an identifiable CEJ and 
on the presence/absence of a cer-
vical discrepancy (step) of more 
than 0.5 mm between the root 
and the crown.5 Zucchelli et al pro-
posed a decision-making process 
for treating NCCLs, based on the 
relationship between the NCCL 
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and the maximum root coverage 
level.3 Several studies have dem-
onstrated the predictability of this 
combined restorative-periodontal 
approach, involving partial or com-
plete defect restoration and a root 
coverage procedure with coronally 
advanced flap (CAF) or the addi-
tion of autogenous connective tis-
sue graft (CTG).3,6–9 It is reasonable 
to assume that GRs with preexist-
ing restorations invading the root 
surface should be treated in a simi-
lar manner, with the removal of the 
restoration until the estimated CEJ 
is reached, and reconstruction of 
the CEJ, adding a soft tissue graft. 
Interestingly, despite graft sub-
stitutes frequently being used for 
root coverage in the last decade 
to achieve a less invasive and more 
patient-centered approach,10–12 
their application for the treatment 
of GRs associated with cervical res-
torations or NCCLs has been poor-
ly investigated. Therefore, the aim 
of this manuscript was to evaluate 
the efficacy of CAF in combination 
with a xenogeneic collagen matrix 
for the treatment of GRs present-
ing with cervical restorations or 
NCCLs.

Materials and Methods

Study Population

Fifteen patients presenting with 
esthetic concerns associated with 
GRs with cervical restorations and/
or NCCLs were consecutively en-
rolled between June 2021 and Oc-
tober 2021. The inclusion criteria 
were as follows: (1) age 18 years 

or older; (2) good general health 
with no systemic/periodontal dis-
ease; (3) good oral hygiene with 
full-mouth plaque scores ≤ 15%; 
(4) presence of single or multiple 
recession type [RT] 1 GRs2 at least 
2 mm in depth from the estimated 
CEJ3,4; and (5) presence of restora-
tions at the cervical areas or pres-
ence of NCCLs.5 

Smoking, pregnancy (or plan-
ning to become pregnant), previous 
history of mucogingival surgery at 
the experimental site, presence of 
prosthetic crowns, and severe step 
(> 2 mm)6 were considered among 
the exclusion criteria. The study 
protocol was approved by the In-
stitutional Review Board of the Uni-
versity of Michigan Medical School 
(HUM00146261), in accordance with 
the 1975 Declaration of Helsinki, re-
vised in Fortaleza in 2013. Prior to 
the surgical procedure, all patients 
provided their informed consent to 
be included in the study. 

Surgical Procedure

At least 1 month before surgery, 
participants received a session of 
dental prophylaxis, including oral 
hygiene instructions that aimed 
at eliminating possible traumatic 
toothbrushing habits. 

The surgical procedure con-
sisted of a trapezoidal CAF13 in 
combination with a cross-linked 
volume-stable xenogeneic collagen 
matrix (CCM) (Figs 1 and 2). The CEJ 
was identified using the adjacent/
contralateral teeth, as previously 
described.4,6 For sites with restora-
tions at the cervical area, the resto-

ration was removed either before 
or after flap elevation. After the 
split-full-split flap preparation and 
elevation,13 preexisting restorations 
were completely removed from the 
surface area. The CEJ was reshaped 
or reconstructed with composite 
filling, with the apical margin locat-
ed at the level of the ideal CEJ.4,14 
After mechanical scaling and root 
planing with ultrasonic instruments 
and mini curettes (Hu-Friedy), the 
new composite restoration was re-
shaped and smoothened with fin-
ishing burs. A conservative odonto-
plasty, aiming to bevel the step, was 
also performed with finishing burs 
to facilitate graft adaptation. The 
anatomical papillae were deepithe-
lialized with mini blades (Hu-Friedy) 
and small round burs, if necessary. 
The flap was released to passively 
reach a position of approximately  
2 mm coronal to the reconstructed/
redefined CEJ without tension. The 
CCM (Fibro-Gide, Geistlich Pharma) 
was extraorally trimmed based on 
the characteristics of the recession 
defects, aiming for a graft 3 mm 
thick and 8 mm tall. The CCM was 
stabilized to the deepithelialized 
anatomical papillae with simple in-
terrupted sutures (6/0 and 7/0 PGA; 
Unify Sutures, AD Surgical). If further 
stability of the CCM was needed, 
additional simple interrupted su-
tures, engaging the apical perios-
teum, or compressive sutures, from 
the apical periosteum and running 
around the teeth, were performed 
(6/0 and 7/0 PGA). The flap was 
coronally advanced and stabilized 
approximately 2 mm coronal to the 
CEJ with sling sutures at the level of 
the surgical and anatomical papillae 
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and with simple interrupted sutures 
at the level of the vertical incisions 
(6/0 and/or 7/0 polypropylene, Ethi-
con, Johnson & Johnson). 

Oral and written postopera-
tive instructions were provided to 
patients, as well as prescriptions 
for analgesics (600 mg ibuprofen 

every 8 hours as needed), antibi-
otics (500 mg amoxicillin every 8 
hours for 7 days), and a mouth rinse 
(chlorhexidine gluconate 0.12% 

Fig 1 First example clinical case. Treatment of gingival recessions associated with preexisting restorations. (a) Baseline clinical view.  
(b and c) Baseline ultrasonographic scans at the midfacial aspect of teeth 34 and 35, respectively (FDI tooth-numbering system). The soft 
tissue is highlighted in blue. (d) Old restorations were removed, and the CEJ was reconstructed. (e) CAF preparation and (f) elevation.  
(g) Deepithelialization of the anatomical papillae. (h) Chemical root conditioning with 24% EDTA. (i) The CCM (Fibro-Gide) was selected for 
application. (j) The matrix was stabilized to the recipient site with sutures. (k) The flap was coronally advanced and sutured with sling and 
interrupted sutures. (l) Clinical outcomes at 6 months. (m and n) Ultrasonographic scans at the midfacial aspect of teeth 34 and 35, respec-
tively, at 6 months. The soft tissue is highlighted in blue. BB = buccal bone; Cr = anatomical crown; Rest = restoration; ST = soft tissue. 
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twice a day for the first 2 weeks). Su-
tures were removed at the 2-week  
postoperative visit, where subjects 
were instructed to resume oral hy-
giene procedures using a tooth-
brush with extra-soft bristles for the 
first month, prior to switching to 
a soft-bristle toothbrush. Patients 
were recalled at 1, 3, and 6 months.

Study Outcomes and 
Assessment

The main outcome the study as-
sessed was the mean root coverage 
(mRC) at 6 months, calculated as 
the percentage of recession depth 
(REC) reduction compared to base-
line (preoperative).12 Secondary out-

comes were also evaluated at the 
6-month visit and included changes 
in keratinized tissue width (KTW), 
changes in gingival thickness (GT) 
measured with ultrasonography, 
volumetric outcomes from super-
imposition of digital impressions at 
baseline and 6 months, professional 
esthetic evaluation using the Root 

Fig 2 Second example clinical case. (a) Baseline clinical view of teeth with GRs to be treated. (b and c) Baseline ultrasonographic scans at 
the midfacial aspect of teeth 43 and 44, respectively. The soft tissue is highlighted in blue. (d) Flap elevation. (e) The CCM (Fibro-Gide) was 
stabilized with absorbable suture material. (f) Clinical outcomes at 6 months. (g and h) Ultrasonographic scans at the midfacial aspect of 
teeth 43 and 44, respectively, at 6 months. The soft tissue is highlighted in blue. BB = buccal bone; Cr = anatomical crown; Rest = restora-
tion; ST = soft tissue. 
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coverage Esthetic Score (RES),15 and 
patient-reported outcome mea-
sures (PROMs).

A periodontal probe (PCP UNC-
15, Hu-Friedy) was used to assess 
the REC (from the gingival margin to 
the ideal CEJ), probing depth (PD), 
clinical attachment level (CAL), and 
KTW. The mRC was determined as 
the percentage of the defect cover-
age at 6 months.16,17 

Ultrasonography was per-
formed at baseline, 3 months, and 
6 months to evaluate changes in GT 
at the midfacial aspect of the ex-
perimental sites (Figs 1 and 2). The 
equipment setup and scanning pro-
cedures for ultrasonography have 
been previously described in de-
tail.18–21 The generated DICOM files 
were imported in a public-domain 
software package (Horos, version 
3.3.6, Horos Project) for evaluating 
GT at reference points 1.5 mm and 
3 mm apical to the gingival margin.12 
The depth of the horizontal step at 
baseline was also assessed using  
ultrasonography.

Digital impressions of the area 
of interest were taken with an intra-
oral optical scanner (Trios, 3Shape). 
The workflow to generate, super-
impose, and analyze volumetric 
changes between STL (standard tes-
sellation language) files at different 
time points has been previously de-
scribed.22 The volumetric outcomes 
of interest, assessed using an image 
analysis software (GOM Inspect, 
GOM MEtrology), were the changes 
in volume at surgical areas (Vol) and 
the mean thickness of the recon-
structed volume/mean change in 
the surface profile from baseline to 
6 months (∆D).22 

PROMs were recorded using 
questionnaires utilizing a 0- to 100-
mm visual analogue scale (VAS) and 
dichotomous questions. Dental hy-
persensitivity (DH) was assessed at 
baseline and 6 months using the air 
spray approach and a VAS scale (0 = 
no sensitivity; 100 = worst sensitiv-
ity).23 Postoperative discomfort was 
assessed during the first 2 weeks 
using a VAS (0 = no pain; 100 = the 
worst pain). Treatment satisfaction 
(VAS; 0 = worst outcome; 100 = 
best outcome), esthetic evaluation 
(VAS; 0 = worst outcome; 100 = 
best outcome), and willingness to 
undergo the treatment again (yes/
no) were evaluated at 6 months.

Statistical Analysis

Descriptive statistics were used to 
present the baseline and 6-month 
clinical, ultrasonographic, and volu-
metric data, as well as PROMs, as 
means ± standard deviations. To 
assess statistical significance in all 
outcomes (changes from baseline 
to 6 months), mixed linear regres-
sion models were used to account 
for the fact that patients contributed 
to more than one site (by inclusion 
of random effects). A P value thresh-
old of .05 was set for statistical sig-
nificance. The analyses were per-
formed in RStudio (version 1.1.383).

Results

Fifteen systemically healthy patients 
(4 men and 11 women; mean age: 
37.6 ± 14.5 years) were included in 
the study. All subjects presented 

with at least two multiple adjacent 
cervical restorations or NCCLs, and 
a total of 36 sites were treated (23 in 
the maxilla and 13 in the mandible). 
Among them, 24 presented with 
cervical restorations (66.7%), and 
12 exhibited NCCLs without previ-
ous restorations (33.3%). The NC-
CLs were classified as A+ in 3 cases 
(CEJ detectable with the presence 
of a step), and B+ (CEJ not detect-
able and presence of a step) for 
the remaining 9 sites.2,5 The mean 
horizontal step was 0.62 ± 0.48 mm 
when measured with ultrasonogra-
phy and was 0.78 ± 0.63 mm when 
measured intrasurgically with a peri-
odontal probe (P > .05 for differenc-
es between clinical and ultrasound 
measurements). 

No intraoperative complica-
tions occurred. Healing was un-
eventful at all sites, without post-
operative complications at any 
sites during the healing period, 
and with minimal postoperative 
morbidity, as reported by the 
patients during the first 2 weeks 
(mean VAS score: 13.6). 

The mRC at 6 months was 
74.81% ± 24.86%. A statistically in-
significant change in KTW was ob-
served at 6 months (mean gain: 
0.38 mm; P > .05), while the GT 
gain was statistically significant (P < 
.05) at both the 1.5-mm and 3-mm  
reference points (averaging 0.43 mm 
and 0.52 mm, respectively). Further 
clinical, volumetric, and PROMs data 
are reported in detail in Table 1. A 
statistically significant reduction in 
DH was also observed at 6 months, 
from a mean VAS of 54 ± 28 at base-
line to a mean VAS of 21 ± 17 at the 
final visit (P < .05).
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Discussion

Several approaches have been de-
scribed for the treatment of GRs 
with NCCLs. These techniques aim 
to partially or completely recon-
struct the defect on the root surface 
using resin-modified glass ionomer 
or composite resins.6–9 Although 
partial vs complete restoration of 
the defect does not seem to affect 
the amount of root coverage,9,24 
concerns regarding complete res-
toration of the NCCL include color 
degradation of the material, wors-

ening esthetic outcomes, complex-
ity in managing possible restoration 
failures over time, and increased 
pocket depth.9,25 Therefore, it has 
been recommended that the NCCL 
should be restored in a way that the 
apical margin of the composite resin 
filling is located at the ideal level 
of the CEJ or 1 mm apical to the 
CEJ.3,4,6,9,14 A recent study highlight-
ed the importance of soft tissue sta-
bility with an adequate NCCL resto-
ration, as a lack of proper marginal 
adaptation of the composite resto-
ration was significantly associated 

with a higher risk for occurrence or 
progression of GRs over time.26 

The present study included 
GRs either with NCCLs or with  
unesthetic and “long” cervical res-
torations, as they represent the 
same condition once the preexist-
ing restoration is removed. After 
CEJ reconstruction, the teeth with 
cervical lesions were treated with a 
CCM. The advantages of this graft 
material include avoiding a palatal 
donor site, reduced patient mor-
bidity, unlimited availability, and 
increased soft tissue thickness.10,27 

Table 1 Clinical, Ultrasonographic, and Patient-Reported Outcomes

Outcome measurements Baseline 6 mo

Clinical

  REC depth, mm 2.57 ± 0.52 0.65 ± 0.65*

  mRC, % – 74.81 ± 24.86

  PD, mm 1.27 ± 0.45 1.41 ± 0.50

  CAL, mm 3.85 ± 0.68 2.07 ± 0.83*

  KTW, mm 1.64 ± 0.94 2.01 ± 0.85

Ultrasound GT, mm

  At 1.5 mm 0.91 ± 0.31 1.34 ± 0.38*

  At 3 mm 1.02 ± 0.27 1.53 ± 0.37*

Volumetric 

  Vol, mm3 – 51.11 ± 24.38

  ∆D, mm – 0.51 ± 0.27

Patient-reported outcome measures

  RES score, n – 7.38 ± 1.96

  DH score, n 54 ± 28 21 ± 17*

  SAT score, n – 95 ± 11

  EST score, n – 88 ± 17

  Willingness to undergo treatment  
  again (yes/no) (%)

– 100

CAL = clinical attachment level; DH = dental hypersensitivity; EST = esthetic evaluation; GT = gingival thickness; KTW = keratinized tissue 
width; mRC = mean root coverage; PD = probing depth; REC = recession; RES = root coverage esthetic score; SAT = treatment satisfaction; 
Vol = volume change; ∆D = mean thickness of the reconstructed volume/mean change in the surface profile from baseline to 6 months. 
All data except willingness to undergo treatment again are reported as mean ± SD. DH, SAT, and EST values are represented as VAS scores. 
For DH scores: 0 = no sensitivity; 100 = worst sensitivity. For SAT and EST scores: 0 = worst outcome; 100 = best outcome. 
*Statistically significant change from baseline (P < .05).
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Most of the studies describing the 
treatment of GRs with NCCLs uti-
lized CAF, either alone or in com-
bination with CTG.3,6–9 When CTG 
was performed at sites exhibiting 
NCCLs, the reported mRC ranged 
from 73% to 93%.6,8,9,28 However, in 
line with contemporary periodontol-
ogy (which aims to reduce invasive-
ness, focusing on patient-centered 
outcomes and avoiding autogenous 
grafts when possible), the pres-
ent authors designed the present 
study to evaluate the performance 
of a novel graft substitute; an aver-
age mRC of 74.81% was observed 
at 6 months. The present results are 
in line with the ones obtained by  
McGuire et al when CAF + CCM 
was performed in isolated GRs with-
out NCCLs,29 suggesting that the 
described protocol is effective in 
treating GRs with NCCLs and preex-
isting cervical restorations. 

A recent trial evaluating CAF 
alone or in combination with the 
first generation of xenogeneic col-
lagen matrix for the treatment of 
GRs associated with NCCLs re-
ported an mRC of 70.3% and 69%, 
respectively.30 The authors found a 
superior gain in KTW (0.9 vs 0.3 mm)  
and GT (0.7 vs 0.1 mm) for sites 
that received the collagen matrix.30 
Bearing in mind that the accuracy 
of transgingival piercing for assess-
ing tissue thickness is questionable, 
the present study used dental ultra-
sonography and observed a mean 
GT gain of 0.43 mm and 0.52 mm 
at the 1.5-mm and 3-mm reference 
points, respectively. The 3D volu-
metric analysis from superimpos-
ing the digital impressions revealed 
mean volume gains of 51.11 mm3 

(Vol) and 0.51 mm (DD). To the best 
of the present authors’ knowledge, 
the present study is the first of its 
kind utilizing ultrasonography and 
optical scanning to evaluate GT 
and volumetric variations following 
root coverage procedures of sites 
presenting with NCCLs or cervical 
restorations. Therefore, a direct 
comparison of the present results 
to the literature is not feasible.

An important aspect of modern 
clinical studies is the assessment of 
PROMs. Patients reported minimal 
discomfort following the surgical 
procedure, which may have also 
contributed to the relatively high 
treatment satisfaction and willing-
ness to undergo the treatment 
again. It should be considered that 
the positive PROM responses to 
treatment satisfaction, willingness 
to undergo treatment again, and 
esthetics are probably due to a va-
riety of factors associated with the 
intervention, such as the removal of 
old restorations, the amount of root 
coverage, and the use of a CCM 
without palatal harvesting.

Lastly, it should be mentioned 
that CAF + CCM resulted in a DH 
reduction of 33 VAS points. This find-
ing is encouraging, as DH is one of 
the main concerns associated with 
NCCLs. Previous studies reported a 
similar reduction in DH with partial 
restoration of the NCCLs using com-
posite resin and CTG,6,9 suggesting 
that CCM may have a similar efficacy 
as CTG in reducing DH in these case 
scenarios. Nevertheless, future stud-
ies should assess this speculation. 
The main limitations of the present pi-
lot study include the lack of a control 
group and the relatively short-term 

follow-up. Further studies with longer  
follow-ups comparing CCM with 
CAF alone, CTG, or other biomateri-
als are needed.

Conclusions

The present pilot study presented 
the outcomes of CCM in combina-
tion with CAF for the treatment of 
GRs with cervical restorations or 
NCCLs. This approach was found 
to be effective in covering/reducing 
the recession defect, increasing soft 
tissue thickness, and reducing DH, 
with minimal postoperative morbid-
ity. Additional studies with multiple 
arms are needed to further explore 
these preliminary findings.
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