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Abstract
Background: The aim of this study was to determine the efficacy of the application of a formula composed by EGF and Hyaluronic acid 1% emulsion on periodontal 
defects or black holes. This clinical trial was approved by the ethical committees in research of University of Granada and carried out according to the Declaration of 
Helsinki. The study was clinically registered with number 6/CEIH/2015.

Materials and Methods: In this randomized controlled clinical study, data from 23 individuals with chronic periodontitis were evaluated after full-mouth SRP. In 
the test group (0) (n = 11), EGF-hyaluronic 1% emulsion was additionally applied during 10 session. The control group (1) (n = 12) was treated with SRP only and 
hyaluronic acid 1% gel.  The results were statistically examined.

Results: Descriptive variables frequencies were calculated with patient’s information. Group 0 sample size was 41 black holes analysed. Difference mean of probing 
depth was higher at 6 months. Group 1 sample size was 50 black holes. PD (mm) I-3P is positioned lower than PD I-3P. After 6 months decreasing was higher in 
both groups than after 3 months. CAL I-6P had a displacement to the bottom respect to I-3P but population median is the same. CAL I-6P of group 1 is more 
disperse than I-3P. Wilcoxon test was significative when (P ≤ 0.05). Mann-Whitney U-test indicated significance between groups. 

Conclusion:  Both treatments 1%HA-EGF emulsion and 1%HA gel increase gingival and bone tissue. 
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Introduction
Periodontitis is a chronic periodontal disease associated with 

plaque biofilms and characterized by periodontium inflammation, 
gingival bleeding, and presence of periodontal defects or black holes. 
Inflammatory response affects gingival epithelium, gingival connective 
tissue, periodontal ligament, alveolar bone and cementum root surface 
[1].  Diagnosis include loss of periodontal tissue support, clinical 
attachment loss (CAL), bleeding of probing (BOP), and radiographic 
bone loss [2]. Systemic diseases and different conditions such as obesity, 
rheumatoid arthritis, diabetes, smoking or oral hygiene aggravate 
periodontitis effects [3]. Healthy periodontal tissue has 2 mm distance 
from alveolar bone crest (AC) to the cementoenamel junction (CEJ) 
[4].

Periodontal therapy combined with risk factor control reduce 
periodontal disease progression. The healing of gingival connective 
tissue results in a significant reduction of gingival recession and 
a reduction of the periodontal defects due to generation of new 
connective tissue attachment 1. Periodontitis treatment comprise 
scaling and root planning (SRP) [5], systemic antibiotics [6], and 
regenerative procedures. 

The regenerative procedures aimed to repair the loss of periodontal 
tissues, including alveolar bone, periodontal ligament and root 
cementum, are as follows: gum grafts, bone replacement grafts (BRG), 
root surface biomodification and guided tissue regeneration (GTR). 
The combination of the use of both methods increase periodontal 

tissue regeneration [7,8]. Novel regenerative procedures include stem 
cell associated with membranes [9,10]. 

Hyaluronic acid (HA) is a high-molecular-mass heteropolysaccharide 
(glycosaminoglycans) [11] found in the extracellular matrix, especially of 
soft connective tissues. It has structural and physiological function in soft 
periodontal tissues, gingiva and periodontal ligament, and in the hard tissue, 
such as alveolar bone and cementum [12]. HA has shown anti-inflammatory 
and anti-bacterial effects for the treatment of periodontal disease [13,14]. 
Subgingival 0.8% HA gel reduce bleeding after 12 weeks [15,16]. Uses of HA 
gel after scaling and root planning (SRP) treatment improve periodontitis 
parameters such as bleeding on probing (BOP), plaque index, probing pocket 
depth (PPD), clinical attachment loss (CAL), and colony-forming units (CFUs) 
compared with the control site treated with SRP only [17-19]. 

Recombinant growth factors are known to promote skin and bone 
wound healing. Pre-clinical and clinical trials use it for the treatment 
of large periodontal or infra-bony defects [20,21]. Spongy matrix of 
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informed with an information sheet about the study and signed an 
informed consent. Patients information and study result were kept 
in an anonymous computer database. The study included 23 adult 
patients with periodontal defects: 19 women and 4 men aged 18 to 60. 
11 patients were randomly assigned to group 1 and remaining patients 
(12) were randomly assigned to group 0. 

Inclusion criteria

- Healthy periodontal patient without biofilm plaque. 

- Periodontal defects called also black holes (1 to 8) at anterior sector, 
between canines of both dental arches. It is measured from the point 
of interdental contact to the gingival margin

- Patients without antibiotic treatment for the past 6 months. 

- Controlled periodontitis disease.

Exclusion criteria 

- Treatment compounds allergic patients.

- Drug-therapy patients causes gingival hyperplasia.

- Pregnancy or lactation patients.

- Infectious disease patient such as HIV or Hepatitis C. 

Treatment Procedure

Therapy was implemented by periodontist. Group 1 was treated 
with 1% HA gel. Group 0 was treated with 1% HA-EGF emulsion. After 
professional tooth cleaning (scaling and root planning (SRP)), 1% HA 
gel and 1% HA-EGF emulsion were introduced into all periodontal 
black holes using specifically designed electroporation terminal. 
Electroporation system used was ITD Setem ® (TDES). Electroporation 
program consisting of two phases. The first one, electroporation for 
7 minutes. The second one, electroporation for 3 minutes. Treatment 
consist of 10 session: 1 session each week during 4 weeks, 1 session each 
two weeks during 2 months and 1 session each month during 2 months. 

Statistics

Descriptive variables analysed were sex, age, use of another product 
or medicine, tobacco and alcohol consumption, oral hygiene, bruxist, 
tightener. Outcome variables were PD, ACL and CAL. 

Variables were analysed by SPSS v22 software. Statistic descriptive 
analyses to each experimental variable were done. Mean, standard 
deviation and median were calculated for all clinical variables. This 
study was analysed with no parametric test (Wilcoxon test and Mann-
Witney test) due to no normal data and population size. Wilcoxon test 
was used to compare significance between differences of mean. Mann- 
Witney test (U test) was used to analyse the significance between 
group 0 and group 1. The null hypothesis of the study is that there no 
statistically significances in the clinical parameters (CAL, AC longitude 
and PPD) between the group 1 and group 0.  A level of α ≥ 0.05 was 
considered significant. 

Results
Descriptive variables frequencies were calculated with patient’s 

information (Table 1). 

Volunteers were positioned in group 0 and group 1 randomly. 8 
women and 3 men were included in group 0 and 11 women and 1 man 
in group 1. Tobacco and alcohol consumption patients were higher in 
group 0 than in group 1. Most of patients brushed them teethes three 

HA, collagen and EGF is beneficial in treatment of skin defects. EGF is 
more effective in wound healing than VEGF and HGF [22].  Epidermal 
growth factor (EGF) plays an influential role in epithelial cells 
signalling, important for maintaining the homeostatic balance between 
epithelial cell proliferation and differentiation [23]. It is an osteogenic 
differentiation enhancer because it is capable of increasing extracellular 
matrix mineralization [24].

Recent research connects EGF with Porphyromonas gingivalis. P. 
gingivalis is a pathogen implicated in chronic periodontitis disease [25]. 
The stimulation of chemokine CXCL14 expression by P. gingivalis is 
reduced by EGF via MEK‐ERK1/2 pathway [26]. CXCL14 is involved 
in inflammatory response and autoimmunity in periodontitis patients. 
Thus, EGF may play a role in inflammatory response reduction 
associated with periodontitis. 

The objective of present clinical trial is to determinate the healing 
periodontium effects of EGF combined with HA gel (1% Hyaluronic 
acid-EGF emulsion) compared with HA gel without EGF. The main 
characteristic of the product is its thickness and adhesiveness to 
improve its time of releasing on gingival tissue. 1% HA-EGF and 1% 
HA gel were applied with electroporation technique. Electroporation 
improve macromolecules moving to cytoplasm compartment due to 
cell membrane acts as dielectric capacitor. Potential and dipolar electric 
field cell membrane is given by phospholipid bilayer, a Maxwell stress 
leading to pore formation. 

Materials and methods 
Study design 

The present randomized pilot clinical was conducted by the 
University of Granada in compliance with Dental Clinic and Inves 
Biofarm. It was a double-blind controlled study that enrolled 23 
participants. During the evaluation of patients information regarding 
sex of the subject, alcohol, tobacco, and oral hygiene habits, brushing 
frequency, mouthwash use, dental floss use, bruxism, diabetes, 
hypertension, osteoporosis, other systemic diseases, and number of 
black holes Patient recruitment was carried out during the first six 
months of the study. Treatment was applied during following five 
months. The patients attended the Dental Clinic 1 month after last 
treatment session to evaluate the effects of treatment. 

The main outcome of the study was to evaluate the Periodontitis 
Parameters Assessment.

Three clinical variables of periodontitis were measured: 
probing depth (PD), bone loss and clinical attachment loss (CAL). 
Probing depth was determined by PCP-UN-C15 sounding line. 
CAL was measure with patient’s periodontium pictures analysed by 
Image Manipulation Program GIMP. GIMP calculated black pixel 
(correspond to periodontal defects or black holes) and convert them 
to physical measurement. Bone loss was determinate with alveolar crest 
longitude (ACL) measured with radiographs of patient’s periodontium 
and calculating by Dent-A-View © software. PD and CAL data were 
collected at the beginning, at three months and the end. Bone loss data 
was only collected at the beginning and at the end. 

Ethics  

This clinical trial was approved by the ethical committees in research 
of University of Granada and carried out according to the Declaration of 
Helsinki. The study was clinically registered with number 6/CEIH/2015

All volunteers were recruited at Doctor (E.S.F.) Dental Clinic 
and agreed to participate in the study. Firstly, each participant was 
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times per day (9 patients in group 0 and 8 patients in group 1) and used 
dental floss (10 patients from group 0 and 9 patients from group 1). 
Only one patient had osteoporosis involve in periodontitis aggravation 
in group 1. The other systemic diseases were arthrosis (one patient 
in group 0), hypothyroidism (one patient in group 0) and multiple 
sclerosis (one patient in group 1). The majority of patients had between 
3 to 5 periodontal defects. In group 0: one patient with one black hole, 
one patient with 2 black holes and one patient with 4 black holes, three 
patients with 3 black holes and five patients with 5 black holes. In group 
1: one patient with 2 black holes, five patients with 3 black holes, three 
patients with 4 black holes, one patient with 6 black holes, one patient 
with 7 black holes and one patient with 9 black holes. 

Mean differences of pair-samples for outcome variables (PD, ACL 
and CAL) were calculated. Pair-samples were considered the differences 
between initial data and 3 months data (named I-3P), between initial 
data and 6 months data (named I-6P) and between 3 months data and 
6 months data (named I-36P). Probing depth I-3P result for group 
0 was -0.5526 ± 0.4157mm. PD I-6P mean was-0.7949 ± 0.4690. PD 
I-36P mean was -0.2500 ± 0.3811. Group 1 PD I-3P mean was -0.6471 
± 0.5941. PD I-6P months was -0.8824 ± 0.7719. PD I-36P mean was 
-0.2353 ± 0.3918. ACL I-6P mean for group 0 was 0.9962 ± 2.1551 and 
for group 1 was 1.4089 ± 1.9166. CAL I-3P for group 0 was -0.2326 
± 0.3763 and for group 1 was -0.1159 ± 0.2569. CAL I-6P mean was 
-0.3171 ± 0.4686 and for group 1 was -0.3466 ± 0.4373. And CAL I-36P 
was -0.0778 ± 0.2416 (P=0.062) for group 0 and -0.2306 ± 0.4304 for 
group 1. Wilcoxon test was significative when (P ≤ 0.05). Mann-Witney 
test (U test) indicated significance between groups. At 6 months group 1 
mean was higher than group 0 mean for PD (P=0.539), ACL (P=0.333) 
and CAL (P=0.880) (Table 2).

Group 0 sample size was 41 black holes analysed. For each black hole 
PD, ACL and CAL was measured. Comparing PD (mm) between initial 

time and 3 months after treatment and initial time and 6 months after 
treatment. Difference mean of probing depth was higher at 6 months. 
I-6P population had a displacement to bottom respect to I-3P. Group 
1 sample size was 50 black holes. PD (mm) I-3P is positioned lower 
than PD I-3P group 0. I-6P was moving to the bottom comparing with 
I-3P of group 1.  PD decreasing of PD demonstrated with displacement 
to the bottom of IP-6p. After 6 months decreasing was higher in both 
groups than after 3 months. In Figure 1, CAL I-6P had a displacement 
to the bottom respect to I-3P but population median is the same. CAL 
I-6P of group 1 is more disperse than I-3P (Figure 2). 

Discussion
This study analysed healing periodontitis defects of 1% HA gel 

comparing (Group 1) to 1% HA-EGF emulsion (group 0). The aim is 
to demonstrate EGF combinate with HA gel increase periodontium 
healing. HA gel was studied previously as regenerative periodontitis 
method with different results. Andrea Pilloni, et al. results show there 
is no statically differences between HA gel after SRP and SRP only 
periodontitis treatments [18]. Yi Xu, et al. determinate that 0.2%HA 
gel has no improving periodontitis clinical parameters after SRP [16]. 
Rajan, et al. conclude using of 1 ml of 0.2%HA after SRP improve 
periodontitis defects more than only SRP [17]. Others studios say 
0.8% HA gel improve periodontitis defects after 12 weeks treatment 
with previous SRP process [27]. One clinical trial using 0.8% HA gel 

Variables
Frequency

Group 0 Group 1
n 11 12
Female 8 11
Male 3 1
Tobacco consumption 3 1
Alcohol consumption 0 1
Oral hygiene  2 2

Brushed frequency
Once a day 0 1
 twice a day 2 3
Three times a day 9 8

Mouthwash use 3 1
Dental floss use 10 9
 Bruxism 3 5
Tightener 4 6
Diabetes 0 0
 Hypertension 0 0
Osteoporosis 0 1
Other systemic diseases 2 1

Number of black holes

1 Black hole 1 0
2 black holes 1 1
3 Black holes 3 5
4 black holes 1 3
5 black holes 5 0
6 black holes 0 1
7 black holes 0 1
8 black holes 0 1

Table 1. Descriptive variables frequency

Figure 1. Box plot probing depth

Figure 2. Box Plot CAL
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one time and daily 0.2% HA gel after SRP, after 3 months patients 
with HA gels improve probing depth parameter scientifically respect 
control patients [19]. Scaling root planning it is essential process in 
periodontitis treatment. Present study results demonstrate that higher 
concentration of hyaluronan (1% HA gel) during 3 months improve 
CAL and PD without significally differences between control and test 
group (Figure 3 and 4). 

This studio proposes an innovation HA gel contain EGF and 
ultrasonic process to improve HA penetration. EGF was chosen due 
to be periodontium proliferation and differentiation enhancer. Recent 
studio related EGF with periodontitis pathogen P.gingivalis. EGF reduce 
signally of CXCL14, involve in inflammatory response of P. gingivalis in 
periodontitis disease [25,26].

HA and EGF have been used to treat wound healing. A clinical 
trial made by Yu, et al. show improvement on skin ulcer and wound 
healing in epidermis and dermis with sponge sheet of hyaluronan and 
EGF [28].  Hyemin Kim, et al. formulate a patch type film incorporate 
HA and EGF facilitate EGF delivery in skin to treat diseases [29].  Study 
present no statistically difference between HA gel and HA-EGF.

Patients information from both groups (Group 0 and group 
1) was collected and analysed. External effects of oral hygiene, 
healthy life style and systemic diseases in treatments was classified 
as descriptive variables. Due to population size and distribution (no 
normal distribution), descriptive variables were no statically analysed. 
Population was no representative to analysis statistical differences 
between healthy and unhealthy patients due to only one patient had 
a systemic disease involve in periodontitis. For each patient number 
of black holes, probing depth, alveolar crest measure and CAL was 
measure before treatment. The majority of patients have between 3 and 
5 black holes. Initial black holes mean in group 0 was 3,727 ± 1.4206 
and group 1 mean was 4,167 ± 1.8504. 

Periodontitis is diagnosticate by clinical parameters such as probing 
depth (PD), bone loss and clinical attachment loss (CAL). These three 
parameters were analysed by variation of PD (mm), ACL (mm) and 
CAL (mm) before and after treatments. 

PD measure longitude of black hole with a sounding line. PD 
(mm) mean decreasing indicate the periodontium regeneration. PD 
decreasing after both treatments. The distance (mm) measured with 
sounding line from the point of interdental contact to the gingival 
margin, was tiny after 6 months treatments. Group 1 patients improve 
PD with a statistical significance comparing to group 0 at three months 
and at 6 months (P= 0.451 and 0.539). 

ACL determinate the longitude of alveolar crest growing. Bone 
loss is a clinical parameter of periodontitis. In this study, 1 % HA gel 

and 1%HA-EGF emulsion effects were analysed in bone regeneration. 
Alveolar crest longitude was measured as indicator of bone growth. 
After 6 months the measure of ACL was higher than initial data in both 
treatments. Group 1 patients had higher ACL mean with a significance 
(P=0.33) comparing with group 0. 

Clinical attachment loss (CAL) is the area of periodontal black 
holes. Regeneration of gingival tissue is calculated with decreasing of 
CAL. Both groups decrease the area of black holes. Group 0 treatment 
mean is less than group 1 at 6 months with significance. (P=0.835). 

Conclusion 
Both treatments 1% HA-EGF emulsion and 1% HA gel increase 

gingival and bone tissue. EGF have no influence in periodontitis wound 
healing. HA improve periodontitis defects with 1% of hyaluronic acid. 
Further investigation to increase EGF concentration and evaluate 
effects. 

Conflicts of interest
The authors report no conflicts of interest related to the presented 

case. The company Inves Biofarm had facilitated the product for this 

Figure 3. (A) Patient before treatment (B) Patient after 3 months 

Figure 4. (A) Patient before treatment (B) Patient after 3 months 

Outcomes variables
Group 0 (n=11) Group 1 (n=12) P 

(U test)Mean ± SD P (wilcoxon test) Mean ± SD P (wilcoxon test)
Probing depth (PD) (mm)

I-3P -0.5526 ± 0.4157 0.000 -0.6471 ± 0.5941 0.000 0.451
I-6P -0.7949 ± 0.4690 0.000 -0.8824 ± 0.7719 0.000 0.539
I-36P -0.2500 ± 0.3811 0.001 -0.2353 ± 0.3918 0.000 0.970

Alveolar Crest Longitude (ACL) (mm)
I-6P 0.9962 ± 2.1551 0.019 1.4089 ± 1.9166 0.000 0.333

CAL (mm)
I-3P -0.2326 ± 0.3763 0.000 -0.1159 ± 0.2569 0.000 0.880
I-6P -0.3171 ± 0.4686 0.000 -0.3466 ± 0.4373 0.000 0.835
I-36P -0.0778 ± 0.2416 0.062 -0.2306 ± 0.4304 0.000 0.136

Table 2. Outcomes variables changes after 3 and 6 months
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study. The study has been carried out in a random and independent 
way.
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