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Abstract
Background  Despite being the most predictable root coverage technique, coronally advanced flap with 
subepithelial connective tissue graft (CAF + SCTG) necessitates graft harvesting from a second surgical site; increasing 
patient’s post-operative discomfort. Besides, due to the promising regenerative capacity of the periosteum and 
omitting the need for a second surgical site, periosteal pedicle graft (PPG) is tested as an alternative technique. 
Eighteen RT1 and RT2 gingival recession defects were randomly assigned to receive either CAF + SCTG or inverted 
PPG (iPPG). Postoperative discomfort, recession depth, and patient’s satisfaction were assessed within 6-months of 
follow-up.

Results  Patients in the iPPG group reported postoperative discomfort (VAS) of (2.28 ± 0.83) compared to (3.11 ± 1.17) 
in SCTG group; with no statistically significant difference. Clinically, the mean recession depth was significantly 
decreased from baseline in iPPG group (from 3.78 ± 0.67 to 0.56 ± 0.53) and in SCTG group (from 3.89 ± 0.78 to 
0.33 ± 0.5). Lastly, iPPG showed significantly higher level of patients’ satisfaction compared to SCTG.

Conclusions  iPPG can be a promising alternative to SCTG for root coverage with significantly increased patient’s 
satisfaction after six months and comparable clinical root coverage parameters.
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Introduction
Gingival recession represents a widespread clinical 
symptom that follows periodontal tissue damage [1]. If 
untreated, gingival recession does not improve spontane-
ously and rather proceeds with time [2]. Although coro-
nally advanced flap with subepithelial connective tissue 
graft (CAF + SCTG) is considered the gold standard for 
gingival recession surgical treatment, the procedure has 
its inherent drawbacks [3]. Graft harvesting from a sec-
ond surgical site contributes to increased postoperative 
morbidity and prolonged surgical procedures. Besides, 
limited graft tissue availability might not suffice large 
defects [2].

To overcome these shortcomings, the periosteum 
was proposed as a substitute to connective tissue grafts. 
Other than being autogenous, periosteum has its own 
blood supply, possesses regenerative cells and fibrous 
content, and can be harvested from the same surgical site 
in sufficient amount [4].

After the first introduction of periosteal pedicle graft 
(PPG) [5], Steiner and associates [6] suggested that the 
use of PPG might not benefit from the periosteal regen-
erative cells when placed facing the flap tissue rather than 
the exposed root surface. Therefore, inverting the PPG 
was proposed; assuming that thereby true regeneration 
would be achieved. In addition, the outer fibrous layer of 
the periosteum overlying the regenerative cells would act 
as a flap support [7].

As promising as the scientific basis of the inverted 
PPG (iPPG) technique is in obtaining true regeneration, 
-to the best of our knowledge,- it was tested only in few 
studies, mainly case reports [4, 7, 8]. Thus, this clinical 
trial aims to be the first to investigate the effectiveness 
of iPPG compared to the gold standard (CAF + SCTG) 
in managing RT1 and RT2 gingival recession defects in 
terms of patient-reported outcome measures (PROMs) 
and clinical parameters.

Materials and methods
Settings
The current randomized, controlled, parallel-grouped 
clinical trial was held in the outpatient clinic of Oral 
Medicine and Periodontology department, Faculty of 
Dentistry; from November 2018 till December 2020. The 
protocol of the study was registered on clinicaltrials.gov 
(NCT03701191).

Participants
The current RCT included 18 patients with gingival 
recession defects of RT1 or RT2 types; to whom surgical 
root coverage was performed.

The study included adult patients having one or 
more teeth with RT1 or RT2 gingival recession defects; 
that were not previously treated by other surgical root 

coverage procedures. The teeth with the recession defects 
were included only when the gingival keratinized tissue 
was of a minimal width of 2 mm.

However, patients were excluded when having systemic 
disorders or taking medications that contraindicate surgi-
cal intervention. Besides, cases were also excluded when 
showing signs of: (i) acute infection or inflammation in 
the surgical site or the whole oral cavity, (ii) persistent 
uncorrected tooth brushing-induced gingival trauma, or 
(iii) untreated periodontitis. Furthermore, heavy smokers 
(> 10 cigarettes/day), pregnant females and physically and 
mentally handicapped patients were excluded. Lastly, the 
patient was excluded if the gingiva had thin biotype or 
the involved tooth was severely mal-posed, rotated, clini-
cally over-erupted or has non-carious cervical lesions 
(NCCLs).

Sample size calculation
The sample size for the superiority trial was calculated 
based on the pre-reported effect size of postoperative 
discomfort of 1.8 on visual analogue scale (VAS) [9]. 
Using 80% power and 0.05 α, independent t-test on PS 
software (Vanderbilt, Tennessee, USA) calculated 14 gin-
gival recession defects (seven per group) to be included. 
Adding 25% to the sample to make up for anticipated 
attrition, the sample was increased to 18 defects (nine per 
group).

Interventions
Each eligible patient received a detailed explanation of 
the study; and upon providing their informed consent, 
they were randomly allocated to either: (a) the test group 
to which iPPG was performed; or (b) the control group 
where CAF + SCTG was performed.

Randomization and allocation concealment
Before the study, the random sequence was generated 
by a third party using sealedenvelope.com in the form of 
block randomization of block size 6 and allocation ratio 
1:1. Being concealed of the operating surgeon, the type of 
intervention was assigned to the included patient follow-
ing a phone call.

Blinding
As the two interventions were technically different, blind-
ing of the operator and the patient was not feasible. Thus, 
blinding was restricted to the two outcome assessors: (a) 
a periodontist who was not involved in the research and 
(b) a dentist of another specialty. Before recruiting the 
first patient, the measurement techniques of the operator 
and the outcome assessors were calibrated and validated.
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Study steps
After initial assessment of the case, steps 1 and 2 of peri-
odontal therapy were performed in the form of non-
surgical periodontal therapy [10]; together with patient’s 
education of correct oral hygiene measures. Preoperative 
periodontal measurements were recorded: bleeding on 
probing (BOP), baseline gingival recession depth (mm) 
and probing depth (mm). The CEJ was considered the 
reference point for outcomes assessment during follow-
up sessions.

Surgical procedures
After local anesthesia administration, iPPG technique 
was performed according to the procedures highlighted 
by Shetty [11] with some modifications as follows (Fig. 1):

Incisions: Horizontal incisions were made at the 
level of the cemento-enamel junction (CEJ) on the 
facial aspect of the affected tooth/teeth; followed by 
extending intra-sulcular incisions mesio-distally to 
dissect the facial aspect of the adjacent papillae while 
precluding the gingival margin of the adjacent teeth. 

Fig. 1  Case 1. Surgical procedures of intervention case (iPPG) including (a) Flap design; (b) Periosteal graft attached to bone at its coronal aspect; (c) 
Periosteal graft inversion (lateral view); (d) Inverted periosteal pedicle graft (occlusal view); (e) Continuous sling suture for graft fixation (occlusal view)
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Two vertical releasing incisions were made from 
the mesial and distal extremities of the horizontal 
incisions (creating surgical papillae) extending 
beyond the muco-gingival junction.
Flap design: A partial thickness flap was, then, 
elevated till an adequate amount of periosteum 
was exposed (with nearly double the amount of 
recession exposed). Mesio-distal and apical sharp 
dissection parallel to the vestibular lining mucosa 
was performed (with the blade applied parallel to the 
mucosa), till passive coronal flap displacement was 
accomplished. The flap was checked to be stable in 
its final coronal position, even without the sutures.

At the apical extent of the periosteum sufficient to cover 
the denuded root surface, a horizontal incision was per-
formed, while it was still attached to the underlying bone. 
Two other vertical incisions were made in the periosteum 
coincident with the flap vertical incisions, but not reach-
ing the coronal horizontal incisions (Fig. 1a).

Periosteum dissection and inversion: The periosteum 
was then bluntly dissected from the underlying bone 
using a thin mucoperiosteal elevator. Dissection started 
from the apical horizontal incision performed in the peri-
osteum and progressed coronally. The periosteum was 
totally dissected from the underlying bone, except for its 
coronal segment that was left attached to bone (the peri-
osteal graft) (Fig. 1b).

The papillae adjacent to the involved tooth/teeth (ana-
tomical papillae) were de-epithelialized. The reflected 
periosteum was, then, inverted such that the cambium 
layer (inner layer) covered the denuded root surface (Fig-
ure 1c and d).

Suturing: Once the periosteum was in the required 
position at the level of CEJ, it was secured using 
5 − 0 absorbable vicryl suture material, where a 
continuous-sling suture was applied. Interrupted 
sutures were also done in some cases on mesial 
and distal aspects. Interrupted 5 − 0 polypropylene 
sutures were performed along the vertical incisions 
of the split-thickness flap, starting from its apical 
corners and proceeding coronally, to ensure passive 
coronal flap advancement. Sling 5 − 0 polypropylene 
sutures anchored around the lingual/palatal cingula 
of involved teeth were then applied, to stabilize 
the flap in its coronal position while covering the 
periosteal graft completely and securing the surgical 
papillae over the de-epithelialized anatomical 
papillae (Fig. 1e).

For the control group, the CAF procedure was carried 
out following De Sanctis and Zucchelli [12] trapezoidal 

design and SCTG was harvested using trap-door tech-
nique as described by Edel [13].

Postsurgical instructions and infection control
To control pain, 600 mg ibuprofen tablet was prescribed 
before the procedures and repeated 6 h post-operatively. 
Patients were also directed to eat soft diet, avoid local 
trauma and discontinue tooth brushing in the surgical 
site only during the first three weeks postoperatively. 
Local disinfection was achieved by prescribing 0.12% 
Chlorhexidine-based rinses for 1  min three times daily. 
Sutures were removed 14 days postoperatively.

Outcomes
Patients were followed up for a period of 6 months after 
root coverage procedure, during which the outcomes 
were assessed (Figs. 2 and 3). The primary outcome was 
postoperative discomfort; assessed directly on interven-
tion day and after two weeks using VAS [9].

The secondary outcomes included: recession depth 
calculated in mm [14] assessed at three months and six 
months postoperative time and; patient’s satisfaction 
(using 3-points rating scale [15]) evaluated at the end of 
the follow up period.

Recession depth was assessed by William’s graduated 
probe as the distance from CEJ to the gingival margin at 
the deepest point of recession of the affected tooth; while 
root coverage was calculated by subtracting the recession 
depth at three months and at six months from the reces-
sion depth at baseline [16].

Patient satisfaction questionnaire included seven cri-
teria that the patient was asked to evaluate on a 3-point 
scale with 1 indicating “unsatisfied”, 2 meaning “satisfied” 
and 3 denoting “fully satisfied”. Patients expressed their 
satisfaction level regarding the following criteria: attained 
root coverage, relieved dentinal hypersensitivity, gingival 
color, gingival shape and contour, surgical procedures 
(pain during surgery and the discomfort experienced 
related to the duration of the procedure and handling 
by the operator), post-surgical phase (pain, swelling, 
and postoperative complications) and cost-effectiveness 
(whether the improvement felt justifies the time and 
money spent for treatment) [15]. The scores of all cri-
teria were then added to calculate the total satisfaction 
score for each individual. Total scores ranging between 1 
and 7 are considered “unsatisfied”, those from 8 to 14 are 
regarded “satisfied” and a range of 15 to 21 is considered 
“fully satisfied”.

Statistical analysis
Statistical analysis was performed by SPSS (version 20). 
Fisher’s exact test was used for categorical variables 
contingency tables. For comparing two groups mean 
of numerical quantitative variables, the independent 
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samples t-test was applied. For more than two groups 
analysis of variance, ANOVA test was used to compare 
the means followed by post hoc multiple comparison test 
using Bonferroni method. After ensuring normality by 
Shapiro-Wilk test, paired t-test was used for intragroup 
analysis of two points of time; and for more than two 
points, Friedman test was applied. Significance level was 

considered at P < 0.05. Two-tailed tests were assumed 
throughout the analysis for all statistical tests.

Results
The current study included 18 participants having RT1 
or RT2 gingival recession defects allocated equally into 
test (iPPG) group or control (SCTG) group. The treated 
defects were all located at the mandibular anterior 

Fig. 3  Case 2 (Before-and-after): (a) Baseline (b) After 6 months

 

Fig. 2  Case 1 (Before-and-after): (a) Baseline (frontal view) (b) After 6 months (frontal view) (c) Baseline (occlusal view) (d) After 6 months (occlusal view)
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region. Healing of all participants was uneventful. They 
all showed compliance to the study till the last follow up.

Baseline data
The 2 groups included participants who were not signifi-
cantly different regarding their age and sex; while base-
line clinical data of recession type (RT) showed higher 
percentage of RT2 defects in the test group compared to 
the control group (Table 1).

Outcomes
Postoperative discomfort
Intergroup analysis shows absence of statistical signifi-
cance of VAS scores at intervention day, 2 weeks and 3 
months postoperatively (p = 0.49, 0.21 and 1 respectively). 
After two weeks, the test group participants experienced 
no postoperative discomfort (mean = 0.00 ± 0.00); while 
for control group, 0.44 ± 1.01 mean postoperative discom-
fort was reported. The postoperative discomfort reported 

by patients of the control group was related to pain at the 
donor site. However, Intragroup analyses showed signifi-
cant reduction in discomfort scores along the follow up 
periods in each of the study groups (Table 2).

Recession depth
Recession depth was reduced significantly by each of the 
study procedures through the first six months postopera-
tively (Table 3).

Comparing between the two groups at 3 months, 
the test group attained mean root coverage (MRC) 
2.44 ± 0.53  mm, compared to 3.11 ± 0.33  mm in the 
control group with a statistically significant difference 
(P = 0.005). However, the difference was not statistically 
significant at 6 months (P = 0.26) (Table 3).

Patients’ satisfaction
By the end of the study, the patients in the test group 
reported statistically significant higher levels of satisfac-
tion (Table 4).

Discussion
The current study evaluates iPPG as an alternative to 
SCTG for treating gingival recession. This is based on 
technique of iPPG which eradicates the need for a sec-
ond surgical site; hence reducing postoperative discom-
fort and duration of the surgical procedure. Besides, 
possessing its own blood supply is expected to provide 
the iPPG a more favorable healing course [15]. Further-
more, the periosteum has positive attributes including its 

Table 1  Baseline demographic and clinical data of the included 
participants

Age
(Mean (SD))

Sex
(n (%)) 

Recession type 
(RT)
(n (%))

Males Female RT1 RT2
iPPG Group
(n = 9)

31.33 (6.42) 2 (22.22) 7 (77.78) 1 (11.11) 8 (88.89)

SCTG Group
(n = 9)

36.22 (8.64) 3 (33.33) 6 (66.67) 6 (66.67) 3 (33.33)

Table 2  Patient’s discomfort through the follow up period as 
VAS scale

Intervention 
day
Mean (SD)

2 weeks
Mean 
(SD)

3 months
Mean (SD)

P-
val-
ue**

iPPG group (n = 9) 2.78 (0.83) 0 (0) 0 (0) 0.00*

SCTG group (n = 9) 3.11 (1.17) 0.44 
(1.01)

0 (0) 0.00*

P-value† 0.49 0.21 1
*Significant at P ≤ 0.05

†Intergroup analysis by Independent t-test

** Intragroup analysis by Friedman test

Table 3  Recession depth (mm) through time in the two groups
Recession depth (mm) Root coverage (mm)
Baseline Mean (SD) 3 months

Mean (SD)
6 months
Mean (SD)

P-value** 3 months
Mean (SD)

6 months
Mean (SD)

P-value‡

iPPG group (n = 9) 3.78 (0.67) 1.33 (0.87) 0.56 (0.53) 0.00* 2.44 (0.53) 3.22 (0.67) 0.008*

SCTG group (n = 9) 3.89 (0.78) 0.78 (0.83) 0.33 (0.50) 0.00* 3.11 (0.33) 3.56 (0.53) 0.035*

P-value† 0.75 0.006* 0.26 0.005* 0.26
*Significant at P ≤ 0.05

†Intergroup analysis by Independent t-test

**Tested by variance ANOVA test

‡Tested by paired-t-test

Table 4  Frequencies (n) and percentage (%) of patients’ 
satisfaction in each treatment group

iPPG group
(n=9)

SCTG group
(n=9)

P-value**

Frequency
(n)

Percent
(%)

Frequency
(n)

Percent
(%)

Unsatisfied 0 0.00% 4 44.44% 0.014*

Satisfied 2 22.22% 4 44.44%

Fully satisfied 7 77.78% 1 11.11%
*Significant at P≤0.05

**Tested by Fisher Exact probability test
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osteogenic, regenerative capacity and possession of stem 
cells [17, 18].

Therefore, in the surgical procedure of the test group of 
the present study, the periosteal pedicle flap was inverted, 
to benefit from the placement of inner cambium layer 
with its high cellular content in contact with the exposed 
root surface. Thus, when placing the cells capable of for-
mation of new bone, cementum and periodontal liga-
ments facing the root, it is postulated to enhance true 
periodontal tissue regeneration. Moreover, the outer 
fibrous layer is expected to function as a flap support [6, 
19].

Postoperative discomfort was assigned as the primary 
outcome based on the consensus reports [20, 21]; espe-
cially while considering, the direct effect of PROMs on 
the patients’ preference for a certain root coverage proce-
dure rather than the other [21].

On the intervention day, iPPG group reported insignifi-
cant difference in the levels of postoperative discomfort 
compared to the SCTG group. After two weeks of inter-
vention, all the iPPG group participants experienced no 
post-operative discomfort; unlike the SCTG group in 
which pain related to the donor site persisted to the sec-
ond week postoperatively.

Despite clinically significant, the difference between the 
means of discomfort scores in the two groups at baseline 
and after two weeks did not show statistical significance. 
Hence, the conclusion that “iPPG is associated with lower 
postoperative discomfort than SCTG on intervention day 
and at two weeks postoperatively” can neither be refuted 
nor confirmed by the results of the current study with the 
need for a larger sample size to be detected. However, the 
preliminary results favor iPPG over SCTG due to lack of 
donor site pain.

Shifting to the clinical parameters, recession depth 
showed highly statistically significant reduction in both 
groups during the six months. These results were in 
accordance with preceding clinical trials [15, 20, 22–24] 
which evaluated the effect of PPG as a root coverage 
procedure. Therefore, in the present study, the two used 
surgical procedures were hugely successful in managing 
gingival recession.

Gathering the findings, one can clearly notice the 
superiority of SCTG in increasing root coverage after 
three months. At the same time, the results of iPPG are 
remarkably improved at six months; to be comparable to 
the 6-months results of SCTG. This observation raises 
the hypothesis that iPPG might require longer time to 
achieve closer root coverage results attained by SCTG. 
Moreover, the delayed coverage could be attributed to 
the expected periodontal tissue regeneration attained by 
iPPG compared to healing by long junctional epithelium 
associated with other techniques including SCTG [7].

At the end of the follow up period of the study (after 
six months), patients’ overall satisfaction was assessed. 
None of the participants in iPPG group was un-satisfied 
(0.00%) versus 44% in SCTG group with statistically sig-
nificant difference. Dissatisfaction was attributed to the 
stressful long surgical time and the pain at the palatal 
wound which exceeded that of the recession defect itself.

Other than the pre-specified outcomes, the operators 
noticed some positive clinical observations. As all (100%) 
defects treated by the iPPG technique were located in 
the mandibular anterior region and were associated with 
shallow labial vestibule, an obvious vestibular deepening 
was detected in all cases three months postoperatively. 
That is, the surgical procedure of iPPG was detected 
to inherently enable the deepening of the vestibule and 
increase keratinized tissue width.

Thus, beside its promising results in improving root 
coverage with higher patient’s satisfaction compared to 
SCTG, iPPG can be proposed as an alternative to indi-
rect/two-step CAF approach for root coverage [25]; thus 
evading patients’ morbidity following two surgical proce-
dures with free gingival graft (FGG) harvesting.

Although iPPG is characterized by its simple tech-
nique; yet, caution is required if performed at the man-
dibular premolar region, to avoid the risk of endangering 
the mental foramen. Also, cases of thin gingival biotype 
are not recommended, to enable the achievement of opti-
mum flap and periosteal graft thickness.

The current study clarified the encouraging effects of 
iPPG attained through the periosteum. But being a pilot 
study, the sample size did not allow for a huge effect size 
to be detected. Furthermore, the sample size did not 
allow for including defects within great diversity of dental 
quadrants where the included defects were mainly in the 
most commonly affected area, namely the mandibular 
anterior area [26].

In the current study, RT2 recession type defects were 
included in addition to RT1 to evaluate the capability of 
the periosteum in improving the interdental recession 
defects in RT2. Besides, from the biologic stance, restor-
ing the tooth surrounding periodontium (i.e. formation 
of new periodontal ligaments, root cementum and alveo-
lar bone) should be as important in periodontal plastic 
surgeries as the restoration of the lost soft tissue archi-
tecture [27]. Nonetheless, recession defects happened 
to be unequally distributed in the two study groups due 
to mere chance by the random sequence. However, this 
unequal distribution is not possibly caused by or caus-
ing any bias; as the more severe form (RT2) was allo-
cated mainly in the intervention group. Yet, the iPPG 
group attained comparable results to the control group 
which included milder defects. Also, the present study 
was concerned primarily with patient-centered out-
comes. Therefore, further clinical trials of larger sample 
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sizes are demanded; while assessing additional outcomes 
as vestibular depth, keratinized tissue width and gingival 
thickness.

Conclusions
Within the limitations of the study, it could be concluded 
that iPPG might be a promising alternative to SCTG for 
root coverage with superior patient satisfaction. iPPG 
provided comparable results to SCTG clinically and con-
cerning post-operative discomfort.
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