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Abstract
Background: Autologous connective tissue graft (CTG) is generally consid-
ered the gold standard for peri-implant soft tissue phenotype modification and
root coverage therapy. The presence of epithelial remnants in CTG has been
associated with complications after soft tissue augmentation surgery. However,
a specific method for de-epithelization that is patently superior has not been
identified yet. This study aimed to evaluate the effectiveness of two different
approaches to de-epithelialize CTG samples harvested from the posterior palate.
Methods: Patients in need of periodontal or implant-related surgery that
required harvesting a CTG from the posterior palate region were recruited.
CTG samples harvested with an indirect approach were de-epithelialized using
either an intraoral (IO group) or an extraoral (EO group) method. Tissue spec-
imens were subsequently processed for histological analysis. The presence or
absence of oral epithelial remnants was determined by two examiners using light
microscopy.
Results: Twenty-four patients, who provided a total of 46 analyzable CTG sam-
ples, were enrolled in this study. Histological assessment revealed that 19 out of
22 samples in the IO group were free of epithelial remnants. In the EO group, 20
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out of 24 samples did not exhibit epithelial residues. These results translate into
86.4% and 83.3%of epithelium-free samples in the IOandEOgroups, respectively.
Conclusions: Although the intraoral method may provide several practical
advantages compared with the extraoral technique, both approaches for de-
epithelialization of CTG samples harvested from the posterior palate region
tested in this study were comparably effective. However, none of these methods
ensured complete removal of the oral epithelium in a predictable manner, which
should be considered in clinical practice.
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1 INTRODUCTION

According to current evidence, the autogenous connective
tissue graft (CTG), also known as subepithelial CTG, can
be considered the “gold standard” for periodontal and peri-
implant soft tissue augmentation procedures.1–4 Possible
intraoral donor regions for CTG are the anterior and pos-
terior palate, the tuberosity, and the retromolar pad.5 The
choice of the donor site is primarily based on the clini-
cian’s preferences considering quantity, morphology, and
the inherent characteristics of the CTG needed to achieve
the therapeutic goal.6 While it has been demonstrated that
CTGobtained fromdifferent intraoral regions have distinct
biological and structural features that should be consid-
ered in the clinical decision-making process,7–9 the palatal
region remains as the most common donor site for CTG in
contemporary clinical practice, in particular the area of the
hard palate delimited by the distal line angle of the canine
and the mid-palatal aspect of the second molar, which
is anterior to the typical location of the greater palatine
foramen.10
Palatal CTGmay be harvested through a direct approach

with a classic trap door,11,12 a dual parallel incisionmethod
using a double-blade scalpel,13–15 or, in a less invasive
manner, with a single linear incision.16,17 Alternatively,
the indirect harvesting approach, originally described by
Bosco and colleagues in 199618 and described inmore detail
in 2007,19 which has been popularized in recent years by
Zucchelli and coworkers,20,21 consists of the extraoral de-
epithelialization of an autogenous free gingival graft using
a scalpel blade to maximize the amount of dense lamina
propria contained within the graft. Another modality is
the de-epithelialization of the tissue intraorally before graft
harvesting with the use of high-speed diamond bur under
irrigation.22,23
Although rare, the presence of epithelial remnants

in CTG may be associated with a variety of complica-
tions after soft tissue augmentation interventions. Some

authors have linked the use of CTG with external root
resorption,24,25 gingival cul-de-sac with or without ker-
atin discharge,26,27 epithelial cell discharge,28 and cyst
formation,29–33 which may result into poor functional
and esthetic outcomes. Other authors have reported the
appearance of bony exostoses after the use of CTG alone,34
CTG in conjunctionwith enamelmatrix derivative,35 auto-
genous free gingival grafts,36,37 and skin grafts.38 However,
it may be argued that the presence of epithelial rem-
nants may not be an etiological factor in the onset of
these conditions. Anyhow, to minimize any possible risks,
de-epithelization of CTG is desirable and should be an
objective in the context of periodontal and implant-related
soft tissue augmentation therapy.
Among available clinical studies on this topic, there

is limited information on whether a specific method to
remove the epithelium from CTG is patently superior.
Therefore, this study aimed to evaluate the effectiveness
of two different approaches (intraoral vs. extraoral) to de-
epithelialize CTG samples harvested from the posterior
palate.

2 MATERIALS ANDMETHODS

2.1 Study design, ethical approval, and
setting

This study was designed and monitored according to
the principles of the international Appraisal of Guide-
lines, Research, and Evaluation (AGREE).39 The exper-
imental protocol was approved by the University of
Iowa Institutional Review Board (IRB) in October 2021
(HawkIRB #202109521). The clinical component of this
study was conducted in the Department of Periodon-
tics at the University of Iowa College of Dentistry
and Dental Clinics between October 2021 and January
2022.

 19433670, 0, D
ow

nloaded from
 https://aap.onlinelibrary.w

iley.com
/doi/10.1002/JPE

R
.22-0493 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [30/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



COUSO-QUEIRUGA et al. 3

2.2 Eligibility criteria and recruitment

Adult subjects who required periodontal or implant-
related surgery at the University of Iowa College of
Dentistry were eligible to participate in this study. The
inclusion criteria were as follows: (1) Subjects aged ≥18
years; (2) American Society of Anesthesiologists (ASA) sta-
tus I or II; (3) Undergoing periodontal or implant-related
surgical interventions that involved harvesting a CTG from
the posterior palate region and would allow extending the
donor region for research sample collection; (4) Adequate
physical and mental health to receive routine dental treat-
ment including the surgical procedures associated with
harvesting the subepithelial CTG. The exclusion criteria
were as follows: (1) Uncontrolled diabetes (HbA1c > 7.0);
(2) Autoimmune, infectious, inflammatory conditions,
or intake of drugs known to affect the homeostasis of
the oral mucosa; (3) Pregnant women or nursing moth-
ers; (4) Severe hematological disorders (i.e., leukemia or
hemophilia); (5) Currently under cancer treatment or
within 18 months from completion of chemotherapy or
radiation in the head and neck region; (6) History of antibi-
otic or immunosuppressant use within the last 3 months;
and (7) Current smokers. All potential participants were
required to read, understand, and sign the informed con-
sent form, which contained detailed information about the
purpose of the study and potential risks.

2.3 Clinical procedures

All surgical procedures were performed under local anes-
thesia by two different providers (E.C.Q. or G.A.O.)
following a standard CTG harvesting protocol. The exam-
iners were previously calibrated in a discussion meeting
to become familiar with the study protocol and receive
instructions to standardize the harvesting proceduremeth-
ods. Additionally, both surgeons were together in the
first five surgical interventions (10 samples). Two subsets
of soft tissue samples were harvested for research pur-
poses from the proximity of the donor surgical site. Two
different de-epithelization methods, one for each sam-
ple, either intraoral (IO group) or extraoral (EO group),
were followed. A shallow horizontal incision was made
at ≈3 mm apical from the gingival margin of the maxil-
lary molar teeth using a scalpel blade.* Subsequently, a
parallel horizontal incision, at ≈ 4 mm apical from the
first horizontal incision, was traced in conjunction with
two vertical releasing incisions to delineate a rectangu-
lar area of ≈ 8 × 4 mm. An additional vertical incision
was made to separate the 8 × 4-mm sample into two

* 15C, Swann-Morton, Sheffield, England, UK.

equal parts, as shown in Figure 1. In the IO group, de-
epithelialization was performed by removing ≈1 mm of
the most superficial tissue using a round diamond bur†
mounted in a high-speed handpiece at ≈200,000 rpm
with copious sterile water irrigation. Bleeding was used
as a subjective indicator of complete epithelium removal.
After IO de-epithelialization, the sample was harvested
in a split-thickness fashion, making an effort to maintain
a uniform thickness of 2‒3 mm, as shown in Figure 2.
Extraorally, the sample was completely divided into two
parts using a scalpel blade. Subsequently, the sample
assigned to the EO group was de-epithelialized using a
fresh scalpel blade, as described elsewhere19 and as illus-
trated in Figure 3. Samples were immediately submerged
in 10% neutral buffer formalin solution for tissue fixation.
All subjects received detailed verbal and written postoper-
ative instructions according to the surgical treatment that
was performed. Subjects in need for additional therapy
were scheduled in the appropriate clinic at the University
of Iowa College of Dentistry, and further surgical and/or
restorative treatment was completed outside the study.

2.4 Histological analysis

After proper fixation and dehydration in ethanol baths
of increasing concentration, soft tissue biopsy samples
were embedded in paraffin blocks. One individual sagit-
tal section of 5 μm was obtained from the middle portion
of each sample, mounted onto a glass slide, and dried
overnight. All samples were stained with hematoxylin and
eosin. Standardized digital images of the whole speci-
men were captured using a light microscope‡ (Figure 4).
Histological analyses were performed by two examiners
(E.C.Q. and G.A.O.) to determine whether epithelial rem-
nants were present or not along the entire sample. All
the samples were deidentified and the examiners were not
aware of which intervention the samples received until
all the analyses were performed. The examiners were pre-
viously calibrated by conducting a series of five separate
histological analyses in duplicate using random samples.

2.5 Statistical analysis

The percentage of samples that contained epithelial rem-
nants in each groupwas calculated by dividing the number
of samples per group exhibiting epithelial remnants by
the whole sample size and subsequently multiplying that

† 5801.31.016 FG Super Coarse Round Diamond, Brasseler Dental, Savan-
nah, GA, USA.
‡ Primo Star, Carl Zeiss, Oberkochen, Germany.
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4 COUSO-QUEIRUGA et al.

F IGURE 1 Sequence of clinical photographs illustrating the steps followed to harvest the soft tissue sample from the posterior palate

F IGURE 2 Soft tissue sample harvested from the posterior palate, after intraoral de-epithelialization but before extraoral epithelium
removal

F IGURE 3 Visual depiction of the method followed for extraoral de-epithelialization of connective tissue graft samples

number by 100, with the corresponding 95% confidence
interval (CI).40 This outcome was the variable of inter-
est in this study. Sample size was calculated considering
the number of groups (n = 2), with a power of 95%,

using α = 0.05. A minimum of 30 autogenous subep-
ithelial connective tissue samples, 15 in each group, was
deemed necessary. Bearing in mind a deterioration of the
sample upon harvesting or processing percentage of 20%,
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COUSO-QUEIRUGA et al. 5

F IGURE 4 Photomicrographs of soft tissue samples (hematoxylin and eosin staining) showing a connective tissue graft sample from the
extraoral (A) and intraoral (B) de-epithelialization group

the total sample size was calculated to be 36 in total, 18
in each group. The sample size of the study is justified
based on the percentage values of epithelial remnants in
CTG from a previous study.41 Inter-rater reliability of his-
tological analysiswas assessed using inter-class correlation
coefficients.42

3 RESULTS

3.1 Population

Twenty-nine patients were screened and determined to
be eligible. Five of them declined to participate in the
study. Therefore, a total of 24 patients were recruited. Each
patient contributed with two samples, one for each group,
except one patient fromwhom four sampleswere obtained,
two from each side of the posterior palate. This popula-
tion was constituted by 10 men (41.7%) and 14 women
(58.3%) between aged 23 and 73 years, with a mean age
of 46.2 ± 15.4 years. A flowchart illustrating the patients
enrolled and samples analyzed is depicted in Figure 5.

3.2 Histological analysis

Four samples were not analyzable due to excessive dete-
rioration upon harvesting or after histological processing.
Hence, a total of 46 CTG samples, of which 22 corre-
sponded to the IO group and 24 to the EO group, were
analyzed. Perfect intra- (1.00) and inter-rater reliability
agreement (1.00) were demonstrated within and between
examiners for all the samples. Histological analyses in
the IO group revealed that 19 out of 22 samples were
free of remnant epithelium. In the EO group, no epithe-
lial remnants were observed in 20 out of the 24 samples.
These results translate into 86.4% ± 35.1% (95% CI, 71.7%
to 100%) and 83.3% ± 38.1% (95% CI, 68.1% to 98.6%) of
epithelium-free samples in the IO and EO groups, respec-

tively. Conversely, epithelial remnants were identified in
12.6% and 16.7% of the IO and EO samples, respectively.
Images of all histological samples analyzed are displayed
In Figure 6.
Two interesting patterns were observed in the samples

that presented epithelial residues in both groups. While in
the IO group epithelial remnants were short but present
across the superficial aspect of the three samples that had
epithelial remnants (#11, #13, and#18 in Figure 6), in all but
one (#8 in Figure 6) of the four samples in the EO group a
small portion of epithelium remnants were located only in
the corner of the specimens (#6, #18, and #20 in Figure 6).
Notably, no signs of thermal damage were observed on the
surface of the samples de-epithelialized with the extraoral
method.

4 DISCUSSION

To the best of our knowledge, this is the largest human his-
tological study to date aimed at evaluating the effectiveness
of two different approaches (i.e., intraoral vs. extraoral) for
the de-epithelialization ofCTG samples harvested from the
posterior palate region. Histological analyses revealed that
the percentage of samples presenting epithelial remnants
was similar between groups. In the IO group, 86.4%± 35.1%
(95% CI, 71.7% to 100%) of the CTG samples were free of
epithelium versus 83.3% ± 38.1% (95% CI, 68.1% to 98.6%)
in the EO group. In another similar study, de Marques
de Mattos et al. observed no statistically significant dif-
ferences regarding the presence of epithelium residues
in CTG samples de-epithelialized either intra- or extrao-
rally (n = 10 per group). However, it is noteworthy that
less epithelial rests were observed in the IO group (20%)
compared with the EO group (40%).43 The dissimilarities
between studies could be explained by the dimensions of
the CTG samples and the anatomical references that were
used to perform the de-epithelization procedure in the EO
group.
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6 COUSO-QUEIRUGA et al.

F IGURE 5 Flowchart illustrating included patients and samples

F IGURE 6 Photomicrographs of all connective tissue graft samples analyzed in this study (hematoxylin and eosin staining). Samples
were harvested from the posterior palate region and de-epithelialized extraorally (left) or intraorally (right). Samples that exhibited epithelial
remnants are highlighted with a red rectangle

Different findings have been reported in other publica-
tions. Azar and collaborators found epithelial remnants in
all CTG samples (n= 5) analyzed in their study, these sam-
ples were de-epithelialized extraorally with a scalpel. The
median fraction of total area corresponding to epithelial
remnants was 6.01% (range, 3.23% to 12.46%).44 Similarly,
Sebaoun et al. reported the presence of epithelial rem-
nants in all nine CTG specimens analyzed in their study,
which were also de-epithelialized extraorally. Epithelial
rests occupied between 4.57% to 29.12% of the total super-
ficial area of the samples.45 In a previous study, Bakhishov
et al. observed epithelial tissue remnants in the superficial
region of all CTG samples (n = 17) analyzed, which were
obtained after intraoral de-epithelialization using a bur.22
In the present study, epithelial remnants were identified

in only 12.64% and 16.67% of 22 IO and 24 EO samples,
respectively. These discrepancies could be explained by
technical differences in the approach used to obtain the
CTG samples, intraoral location (i.e., anterior vs. pos-
terior palate), or the histological section analyzed (i.e.,
marginal vs. central portion), among othermethodological
variables.
Although no differences between groups were observed

in terms of the percentage of CTG samples that contained
epithelial remnants, the intraoral de-epithelialization
method tested in this study was slightly superior (86.4% vs.
83.3%) and presents several potential advantages com-
pared with the extraoral counterpart. The intraoral
method may be particularly useful to remove the epithe-
lium from CTG samples obtained from regions with an
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COUSO-QUEIRUGA et al. 7

irregular, nonflat morphology such as the anterior palate,
tuberosity, or retromolar region. Uniformly and efficiently
de-epithelializing a CTG presenting an irregular morphol-
ogy extraorally can be difficult because the sample is
free (nonattached to underlying tissue), and the efficient
use of a scalpel is technically challenging. For the same
reasons, intraoral de-epithelialization is generally more
time-efficient compared with the extraoral approach. A
cost-effectiveness argument could also be made in favor
of the intraoral approach as a diamond bur may be used
multiple times, while the use of a single fresh blade, that
needs to be discarded after the procedure, is generally
recommended for extraoral de-epithelialization. Patients
presenting thin palatal soft tissue thickness may also ben-
efit from the intraoral de-epithelialization approach, as it
allows maximization of the preservation of the connec-
tive tissue by avoiding excessive removal of lamina propria.
However, a potential limitation of intraoral epithelializa-
tion is accessibility in patients with limitedmouth opening
or with parapharyngeal reflex.
Different histological studies have shown interindivid-

ual variations in the dimensions, collagen cross-linking
andmaturation, amount of lamina propria, and proportion
of fibrous and glandular tissue of CTG harvested from dif-
ferent regions of the palate.7,41,46 A subjective factor that
was considered in the IO group was the presence of bleed-
ing upon de-epithelization with a round diamond bur.
This visual cue theoretically indicates that the epithelium,
which does not contain blood vessels, has been completely
removed and the lamina propria is exposed. However, clin-
icians must be aware that this could render false positives
as complete elimination of the epithelial tissue (bleeding
points) may have been achieved in some areas, causing
profuse bleeding that spreads over the surface of the sam-
ple, while epithelial remnants are still present, as shown
in samples 11, 13, and 18 (Figure 6). To overcome this issue,
a reduction of at least 1 mm measured with a periodontal
probe has been proposed. This recommendation is based
on the thickness of the oral epithelium in the palatal region
reported by Soehren et al., which ranged from 111 to 619 μm
with a mean value of 364 μm.47
Interestingly, two distinct patterns of epithelial rests

were observed in this study. Epithelial remnants were pri-
marily located in the corner region of IO specimens, while
in the EO group the epithelium was reduced in height but
present across the superficial aspect. These findings are
likely due to the difficulty to remove the epitheliumaround
the boundaries of free CTG samples when using a scalpel
blade in the EO group and insufficient vertical reduction
with the use of a diamond bur in the IO group, probably
because of overconfidence in the bleeding sign. Therefore,
clinicians should pay attention to meticulously remove

the epithelium on the peripheral aspect of CTG samples
when following the extraoral approach and consistently
remove at least 1 mm of superficial tissue when using a bur
intraorally, regardless of the presence of bleeding.
This study has several limitations. First, only two de-

epithelializationmethods were evaluated. Second, all CTG
samples were obtained from the posterior palate. While
this was done intentionally for standardization purposes,
this does not allow to extrapolate our findings to other
donor sites (i.e., anterior palate, tuberosity region, or retro-
molar pad). Third, no additional local phenotypic (e.g.,
total palatal tissue thickness) or histomorphometric char-
acteristics (proportion of lamina propria and submucosa)
were assessed, mainly because this was outside of the
primary scope of this study. Future investigations should
further evaluate the efficacy of different and novel intra-
and extraoral methods, such as Er,Cr:YSG,48 ER:YAG,49 or
CO250 lasers, for de-epithelization of CTG harvested from
different intraoral donor regions, and evaluate the differ-
ential effect that these methods have on patient reported
outcomes (e.g., level of self-reported discomfort during
the healing period) to identify reliable while minimally
invasive CTG harvesting strategies.51

5 CONCLUSIONS

Based on the findings of this study, it can be concluded
that, although the intraoral method may provide several
practical advantages compared with the extraoral tech-
nique, both approaches for de-epithelialization of CTG
samples harvested from the posterior palate region tested
in this study were comparably effective. However, none
of these methods ensured complete removal of the oral
epithelium in a predictable manner, which should be
considered in clinical practice.
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