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AbstrAct
Background and objectives. Socket healing following tooth extraction is considered a big challenge among dentists. 
However, there is no previous research testing the effects of novel commercial ora-aid dressing on the levels of salivary 
markers of wounds healing, osteoprotegerin (OPG) and hepatocyte growth factor (HGF) with relation to the smoking 
status among patients undergone tooth extraction. 
Material and methods. The current study represents the first randomized, controlled, and clinical research conducted in 
Iraq from February to May 2022. Forty male outpatients (aged from 20-60 years) who visited the Surgery Clinic of the 
College of Dentistry, University of Babylon, Iraq, had tooth extraction. The patients were randomly allocated into four 
groups: smoker patients with ora-aid applied following extraction (N=11), non-smoker patients with ora-aid applied 
following extraction (N=9), smoker patients without ora-aid applied (gauze only; N=11), and non-smoker patients without 
ora-aid applied (gauze only; N=9). Levels of preoperative and postoperative (2 weeks after extraction) salivary HGF and 
OPG were measured. 
Results. The results indicated that the levels of postoperative HGF were significantly higher in patients with ora-aid 
dressing compared to those without. Levels of postoperative OPG were significantly lower compared to their preoperative 
levels in non-smokers without ora-aid dressing. Smoking had significantly negative impacts on the levels of preoperative 
HGF. 
Conclusions. The study concludes that commercial ora-aid attachable dressing can be safely applied on the fresh socket 
after tooth extraction and it can accelerate the healing of intraoral wounds by significantly elevating healing of salivary 
markers (HGF|) and maintaining the levels of other healing marker (OPG).
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IntroductIon

Extraction of tooth is one of the prevalent actions 
made by maxillofacial surgeon and the healing of 
wounds following extraction is given special inter-
ests among dentists [1]. Wound healing refers to the 
physiological changes that aiming to restore the func-

tions and integrity of both soft and hard tissues fol-
lowing extraction [2]. Similar to other parts of body 
wounds, healing of oral socket includes sort of cellu-
lar changes starting with vascular alterations, in-
flammatory responses and endings with the restora-
tion of the mislaid tissues [3]. In this regard, the 
interaction among secreted cytokines and growth 
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factors at the site of healing is crucial for optimum 
cure [4].

Repairing of bone following extraction is initiated 
by activation of different cellular molecules and pre-
cursor cells for bone formation. It has been found 
that the integration between osteoprotegerin (OPG) 
and the ligand of the nuclear factor receptor activa-
tor B (RANKL) is a corner stone for osteoclast bone 
resorption and osteoblast bone formation [5]. OPG is 
a protein produced by osteoblastic cells and com-
petes with RANK for RANKL binding. The physiologi-
cal impacts of OPG on bone cells are shown by inhibi-
tion the terminal stages of osteoclast differentiation, 
activation of matrix osteoclasts suppression and ac-
celerating osteoclast apoptosis [6]. It has been found 
that the level of OPG is an important for modeling 
and remodeling of the alveolar socket after extrac-
tion [2,7,8].

Hepatocyte growth factor (HGF) is a post transla-
tional protein produced by mesenchymal cells. It is 
mainly involved in the healing process by regulating 
different physiological processes like vascular per-
meability, cell migration, re-epithelialization and tis-
sue development [9-11]. 

Smoking is well recognized to be a risk factor for 
different sorts of systematic diseases such as cardio-
vascular diseases and cancer [12,13]. In addition, it 
has also negative impacts on oral health status [14] in 
which could delay the healing processes [15]. Delay-
ing the wounds healing by smoking is traced back to 
the effects of nicotine in reducing the blood flow at 
the site of wounds and hence impairing the healing 
process. In addition, nicotine could also interfere 
with platelet aggradation, raising the occurrence of 
ischemia in the wound tissues. Moreover, smoking 
could retard many of physiological mechanisms that 
are vital for tissue healing such as angiogenesis, 
re-epithelialization and osteogenesis, fibroblast pro-
liferation and adhesion and collagen synthesis [15].

Clinically, management of wounds healing follow-
ing extraction has been improved by applying com-
mercial dressing materials on the site of wounds. 
These dressing materials are usually adhesive mem-
brane that could protect the site of wounds from be-
ing infected, contaminated by smoking exposure, 
and hence could accelerate healing [16]. Ora-aid sur-
gical dressing is one of those novel commercial mate-
rials being used for potentially minimizing pain and 
infection and hence improving wound healing. It is 
composed from adhesive outer layer that is hydro-
philic and inner layer that contacts to the wound sur-
face and thought to maintain the moisture of oral 
cavity [17]. There are very paucity studies regarding 
to the testing the effects of ora-aid attachable dress-
ing on wound healing following extraction. These 
studies conducted on both human and animal mod-
els have provided equivocal outcomes with two stud-

ies done on human indicated there were no signifi-
cant effects of using this attachable dressing on pain 
scores, bleeding, and healing of socket [2,18]. While 
only one recent human study indicated that post-op-
erative bleeding was significantly reduced among 
patients with ora-aid dressing paralleled with signifi-
cantly greater levels of healing index [19]. Another 
study using rabbit’s model suggested that applying of 
ora-aid enhanced the closure of oral wounds in rab-
bits exposed to the mechanical and chemical oral 
burn [20]. However, these limited studies have only 
focused on the morphological parameters with rela-
tion to the wounds healing. To our knowledge, there 
is no previous study concerning the assessment of 
ora-aid’s effects on pre and postoperative levels of 
salivary wounds healing markers (OPG and HGF) fol-
lowing tooth extraction among smoker and non- 
smoker patients.

PAtIEnts And MEtHods

Site and participants of the study: This rand-
omized, controlled, and clinical study was conducted 
at the Department of Oral and Maxillofacial Surgery, 
College of Dentistry, Babylon, Iraq, from February to 
May 2022.  Forty male outpatients (aged from 20-60 
years) who needed a removal of their teeth, were 
randomly allocated into four groups: smoker patients 
with ora-aid applied following extraction (N=11), 
non-smoker patients with ora-aid applied following 
extraction (N=9), smoker patients without ora-aid ap-
plied (gauze only; N=11), and non-smoker patients 
without ora-aid applied (gauze only; N=9). The proce-
dure of this study was explained to the participants 
and formal consent was firstly obtained from all en-
rolled participants. Females and patients with sys-
tematic and bleeding diseases were excluded from 
this study. All procedures used in the current study 
were performed according to the regulations issued 
by the Helsinki declaration and followed by approval 
from the ethical committee of the College of Dentist-
ry, University of Babylon. 

Appling ora-aid dressing
The ora-aid includes two layers: the outer layer 

with lipophilic properties that prevent the inner lay-
er from being quickly dissolved, and the inner layer 
with hydrophilic properties that react with mucosa 
layer of oral cavity and converting it into a gelly state 
and hence absorbing wound exudate and micro 
bleeding. Once the ora-aid applied on the fresh sock-
et, the inner layer reacted with oral mucosa and the 
outer layer automatically eliminated within six to 
eight hours. Teeth extraction and ora-aid applying 
were done by a specialist maxillofacial surgeon (Fig-
ure 1).
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Measurements of salivary hepatocyte growth 
factor and osteoprotegerin

 Two samples of unstimulated saliva (2 ml) were 
collected from each patient. The first sample was col-
lected at the day of extraction (preoperative sample) 
and the other sample was collected 2 weeks following 
extraction (postoperative sample). The saliva collec-
tion was performed between 10:00-12:00 am. The col-
lected saliva was centrifuged at 3000 RPM for five 
minutes and the supernatant was then kept in -20° C 
for analysis of healing markers. 

Levels of salivary healing marker HGF were evalu-
ated with ELISA kit. Double-antibody sandwich tech-
nique was used to evaluate the levels of salivary HGF 
and we followed the procedures previously men-
tioned [21].

Levels of salivary healing marker OPG were eval-
uated with ELISA kit using the sandwich technique 
for measuring the levels of salivary OPG as previous-
ly described [22].

Follow up instructions 
Patients were prescribed analgesics (only three 

days) and chlorhexidine mouthwash (2 weeks) and 
advised to have only cold and soft foods coupled with 
maintaining oral hygiene. 

Statistical analysis
Prior to analyze the collected data, normality test 

was applied to check for normal distributed data. 
Paired t- test was used to explore the significant dif-
ferences in each variable for pre- and post-operative 
levels. General linear model (GLM) was also applied 
for testing the impacts of ora-aid dressing, and smok-

ing on the pre and post-operative levels of measured 
variables, separately. Results were illustrated as 
mean ±, standard errors (SE) and standard deviation 
(SD). P-value with ≤0.05 was indicated significant. Mi-
nitab software (Version 17; Minitab Inc., State Col-
lege, PA, USA) was performed to analyze the data.

rEsuLts

Regardless of smoking status, levels of salivary 
post-operative HGF and POG were not significantly 
different in comparing with their preoperative levels 
among patients with ora-aid addressing (Tables 1, 2). 

Same picture was also found in terms of the levels 
of postoperative HGF and POG compared to the pre-
operative levels among smoker patients without ora-
aid dressing (Table 3). However, non-smoker patients 
without ora-aid dressing have experienced signifi-
cantly low levels of salivary postoperative OPG com-
pared to those preoperative levels (Table 4).

On the other hand, patients with ora-aid dressing 
had greater levels of postoperative HGF compared to 

FIGurE 1. Appling the ora –aid attachable intraoral dressing on fresh socket after extraction

tAbLE 1. The statistical comparisons between postoperative 
levels of salivary (HGF and OPG) and their preoperative levels 
among non-smoker patients with ora-aid dressing
Biomarker Sample 

size
Mean SE ST 

dev.
T-test p-value

Preoperative 
HGF  

N=9 2019 465 1396 0.96 0.363

Postoperative 
HGF

N=9 1612 251 754

Preoperative 
OPG  

N=9 4.749 0.39 1.17 1.44 0.188

Postoperative 
OPG

N=9 3.969 0.557 1.67
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those patients without dressing and the difference 
was close to be significant (p=0.06) (Table 5), while 
the levels of postoperative OPG were not significantly 
changed among groups (Table 6). Levels of preopera-

tive HGF and OPG also were not significantly influ-
enced by dressing status (Tables 7, 8).

Testing the effect of smoking status on the postop-
erative levels of HGF and OPG indicated that the lev-
els of both postoperative HGF and OPG were not sig-
nificantly influenced by smoking status (Tables 5, 6). 
However, smoker patients had significantly reduced 
their preoperative levels of salivary HGF compared 
to the findings in the non-smokers, while this differ-
ence was absent in the preoperative levels of OPG 
(Tables 7, 8).

tAbLE 2. The statistical comparisons between postoperative 
levels of salivary (HGF and OPG) and their preoperative levels 
among smoker patients with ora-aid dressing
Biomarker Sample 

size
Mean SE ST 

dev.
T-test p-value

Preoperative 
HGF  

N=11 1048 159 528 -0.63 0.546

Postoperative 
HGF

N=11 1249 211 699

Preoperative 
OPG  

N=11 3.341 0.474 1.17 -0.03 0.977

Postoperative 
OPG

N=11 3.36 0.557 0.447

tAbLE 3. The statistical comparisons between postoperative 
levels of salivary (HGF and OPG) and their preoperative levels 
among smoker patients without ora-aid dressing
Biomarker Sample 

size
Mean SE ST 

dev.
T-test p-value

Preoperative 
HGF  

N=11 941 209 661 -0.09 0.932

Postoperative 
HGF

N=11 959 149 472

Preoperative 
OPG  

N=11 3.097 0.518 1.637 -0.77 0.46

Postoperative 
OPG

N=11 3.519 0.475 1.503

tAbLE 4. The statistical comparisons between postoperative 
levels of salivary (HGF and OPG) and their preoperative levels 
among non-smoker patients without ora-aid dressing
Biomarker Sample 

size
Mean SE ST 

dev.
T-test P-value

Preoperative 
HGF  

N=9 1239 185 556 1.24 0.251

Postoperative 
HGF

N=9 1121 219 658

Preoperative 
OPG  

N=9 3.804 0.692 2.077 2.46 0.039*

Postoperative 
OPG

N=9 3.015 0.66 1.98

*Significant 

tAbLE 5. Effects of ora-aid dressing and smoking on the 
postoperative salivary HGF among groups
Group Mean±SE Effects of 

smoking status
Effects of 
dressing

Non-smokers-with 
ora-aid 

1612±251 P=0.321 P=0.06

Non-smokers-
without ora aid  

1121±219

Smokers-with ora-aid  1249 ±211
Smokers-without 
ora-aid

959 ±149

tAbLE 6. Effects of ora-aid dressing and smoking on the 
postoperative salivary OPG among groups
Group Mean±SE Effects of 

smoking 
status

Effects of 
dressing

Non-smokers-with 
ora-aid 

3.969±0.557 P=0.288 P=0.396

Non-smokers-without 
ora aid  

3.015±0.660

Smokers-with ora-aid  3.360±0.447
Smokers-without 
ora-aid

3.519±0.475

tAbLE 7. Effects of ora-aid dressing and smoking on the 
preoperative salivary HGF among groups
Group Mean±SE Effects of 

smoking 
status

Effects of 
dressing

Non-smokers-with 
ora-aid 

2019±465 P=0.05* sig. P=0.140

Non-smokers-without 
ora aid  

1239±185

Smokers-with ora-aid  1048±159
Smokers-without 
ora-aid

941±209

tAbLE 8. Effects of ora-aid dressing and smoking on the 
preoperative salivary OPG among groups
Group Mean±SE Effects of 

smoking 
status

Effects of 
dressing

Non-smokers-with 
ora-aid 

4.749±0.390 P=0.154 P=0.313

Non-smokers-without 
ora aid  

3.804±0.692

Smokers-with ora-aid  3.341±0.474
Smokers-without 
ora-aid

3.097±0.518

dIscussIon

The current study is considered the first for exam-
ining the effects of commercial ora-aid attachable 
dressing on the levels of salivary tissue healing mark-
ers (OPG and HGF) with relation to the smoking sta-
tus among patients who had tooth extraction. 
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Regardless of smoking status, applying ora-aid at-
tachable dressing had no significant effects on the 
levels of salivary tissue healing (OPG and HGF) in the 
pre-operative levels compared to the post-operative 
levels (p>0.05). However, levels of post-operative 
HGF (2 weeks after extraction) were greater among 
patients who used ora-aid dressing following tooth 
extraction compared to those who had no dressing 
and the p-value was near to be significant (p=0.06). 
This result could highlight the favor of using this at-
tachable dressing after extraction in accelerating the 
healing of oral wounds. Despite the fact that there is 
no previous study done to compare our results with, 
greater level of post-operative salivary tissue healing 
(HGF) among patients who had ora-aid dressing fol-
lowing extraction could support the finding of a pre-
vious research on the role of this dressing in healing 
process. Appling ora-aid dressing in Iraqi patients 
who undergone the tooth extraction had significantly 
reduced the incidence of dry socket (measured 4 days 
after extraction) compared to the incidence rate seen 
in the patients without ora-aid dressing [19]. The lat-
ter findings were explained due to the potential ef-
fects of dressing on the blood clot in the wound sock-
et through the mucoadhesion properties of its inner 
layer and hence promote healing process [19,23]. 
Therefore, current findings could suggest that the 
socket healing can be promoted by applying the ora-
aid dressing through the elevation of salivary tissue 
healing marker (HGF). HGF is a cytokine that is main-
ly involved in different cellular functions like repair-
ing of wounds and tissue regeneration [24,25]. It is 
activated by varieties of host stimuli such as bacteria 
and inflammatory cytokines, HGF is thought to aid 
the healing of wounds through the mesenchymal ep-
ithelial contacts [26]. Another interesting outcome of 
current study is that non-smoker patients who never 
applied the ora-acid dressing had significantly re-
duced their salivary OPG postoperative levels com-
pared to the preoperative levels, which in turn it 
could delay the healing process. This latter finding 
could indicate the benefit of using the ora-aid dress-
ing following extraction for maintaining the levels of 
salivary postoperative OPG comparing to the preop-
erative levels. OPG is one of the osteoclastogenesis 
regulatory molecules that play a crucial role for bone 
remodeling [27].

 In terms of smoking effects, smoker patients with 
(having ora-aid and not) had significantly reduced 
their salivary preoperative levels of HGF. This result 
was corroborated with previous research indicated 
that salivary HGF was significantly decreased among 
smokers [28].  This negative impact of smoking on the 
HGF could be resulted from its potential effects on 
the HGF secretion by mesenchymal cells [29]. Smok-
ing is well documented as a risk factor for onset and 
progression in many of dental diseases as well as 
bone loss [30].

Nevertheless, the current study has some limita-
tions in which having more sample size of patients 
may be essential to infer promising outcomes on the 
role of commercial ora-aid dressing on tissue healing 
markers (OPG, and HGF). In addition, the selection of 
smoker patients may have not been ideal as the de-
gree of   smoking severity could have changed the 
current outcomes.

concLusIons

Commercial novel ora-aid attachable dressing can 
be safely applied on the fresh socket after tooth ex-
traction. Patients with this dressing will accelerate 
the healing of intraoral wounds by significantly ele-
vation the levels of salivary healing markers (HGF|) 
and maintaining the levels of other healing marker 
(OPG).  Patients also did not complain from serious 
complications in using the ora-aid dressing.
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