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Abstract 
Background Immuno-modulatory effects of vitamin D3 offer possible therapeutic 
applications for periodontal diseases. Using the topical application of vitamin D3 into 
the periodontal pocket, as an adjunct, with the routine scaling root planning (SRP) 
may contribute to th e treatment of periodontal disease. Objectives are to evaluate 
the efficacy of locally injected vitamin D3 as an adjunct in the treatment of stage II 
periodontitis. Materials and Methods Using a split-mouth design; 15 adults of both 
genders with 96 sites for each test and control groups with periodontitis were enrolled in 
this study. Their age ranged from 20 to 40 years. A concentration of 0.25µcg /0.2ml of 
vitamin D3 (Alfacalcidol) was injected into the experimental sites, in three consecutive 
weeks. Patients were recalled 14 days after the last session of treatment for final 
periodontal indices registration.  Results SRP with and without Vitamin D3 in patients 
with stage II periodontatitis showed a reduction  of all clinical parameters within 35 days. 
There was a trend in favor of the test side group for PDD. compared to baseline, both 
treatments demonstrated an improvement in the periodontal parameters of gingival 
health. Plaque index (PL), Bleeding on probing (BOP), and gingival index (GI) showed 
a highly significant difference for all participants of both groups between baseline and 
35 days.  Probing pocket depth (PPD) and  clinical attachment level (CAL) have been 
decreased between the first visit of intervention and the 35 days visit. Compared to 
SRP alone, SRP plus vitamin D3 yielded a non-significant improvement in PPD (SRP: 
1.146 mm ± 0.188 mm vs. SRP plus vitamin D3: 0.823 ± 0.171 mm p>0.05). CAL was 
(SRP: 2.427 ± 0,064 mm vs. SRP plus vitamin D3: 2.354±0.065 mm, p>0.05) at 35 
days. Conclusion Vitamin D3 could be considered as a useful and safe adjunct to SRP 
in non-surgical periodontal therapy when used locally as intraligamentary injection into 
residual pockets (4-6mm). 

Keywords: Immunomodulatory effect; host modulation; periodontitis;  
adjunctive treatment; periodontal pocket;  Alfacalcidol.
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Introduction
Periodontitis is a challenging oral disease caused 
by the accumulation of dental biofilm with all 
the microbial effects and virulence factors that it 
contains in addition to the immune response of 
the individual which leads to the destruction of 
the supporting tissues of the teeth and eventually 
leads to loss of tooth attachment (Könönen et al, 
2019). The success of the periodontal treatment 
depends on the success of the removal of supra 
and subgingival bacterial biofilm in addition to the 
success in elevation of patient’s immune response 
(host immune-modularity response) (Werner and 
Jollès, 1996). Vitamin D3 was recognized originally 
as a vitamin needed in specific amounts to affect the 
metabolism of calcium and phosphate, with various 
regulatory effects including cell proliferation and 
differentiation in addition to the immunosuppressive 
properties (Griffin et al, 2003). In dentistry vitamin 
D3 was incorporated in many studies which proved 
its clinical beneficial effects on periodontium when 
administered systemically, it would, both stimulate 
bone regeneration and antagonize inflammation 
in human periodontal tissue (Nebel et al, 2015). It 
maintains healthy periodontal and jaw bone tissues, 
alleviates inflammation processes by stimulating 
the synthesis of proteins that are needed in the 
formation of mucous membrane together with the 
immunomodulatory effects which stimulate post-
operative healing of periodontal tissues leading 
to the recovery of clinical parameters (Bonnet 
et al, 2019; Daugelaite, 2018; De Filippis et al, 
2017; Srivastava and Ambrus, 2004). The effect 
of vitamin D is exerted by its binding to Vitamin 
D receptors (VDR) on target cells. They show 
increasing levels in periodontal ligament tissues 
after using vitamin D supplementation, playing a 
crucial role in generating and enhancing immune 
and anti-inflammatory responses. (Patil et al, 
2019). In periodontitis, the two most important pro-
inflammatory cytokines which are predominantly 
expressed and closely related to periodontitis are 
(IL)-6 and IL-8 (Tang et al, 2013; YAMAJI et al, 
1995).  They can potently induce the chemotaxis 
in their target cells, e.g., polymorphonuclear 
leukocytes, leading to periodontal inflammation 
and tissue destruction and play a role in modulating 

the inflammatory cascade of periodontitis (Garlet 
et al, 2005; Lin et al, 2005). By modulation the host 
response to the bacterial insult and other stimuli 
that cause the breakdown of the attachment 
apparatus, we can restore the balance between 
pro-inflammatory mediators and destructive 
enzymes, and control the anti-inflammatory 
mediators and enzyme inhibitors. The concept of 
host modulation therapy in conjunction with the 
routine SRP has been achieved by using certain 
antibiofilm treatments as adjunctive therapies 
(Oringer, 2002). This has led the researchers 
to use vitamin D3 in the form of 1,25(OH)2D3 
(calcitriol) to be introduced locally into the areas 
occupied by those pathogenic bacteria especially 
when periodontal pockets are present (Yussif et 
al, 2017). And it is thought that topical application 
of vitamin D3, particularly 25(OH)D3 (calcifediol), 
could be also considered as a potential tool in 
periodontal therapy (Rausch-Fan, 2014).

Aims
This study aimed to evaluate the local efficacy of 
vitamin D3 when introduced inside the diseased 
pocket to get regeneration of the periodontal 
tissues and reach a successful outcome of 
conservative treatment without the need for any 
surgical intervention, and without the need of 
taking large doses of vitamin D3 systemically.

Materials and Methods
Study design
This study was conducted at Albaladiyat 
Specialized Dental Center /Baghdad-Iraq, during 
the period of (June 2019 to February 2020). 
Patients with a diagnosis of stage II periodontitis 
were enrolled in this clinical, split-mouth study. 
The inclusion criteria were (1) good general 
health (2) a minimum of two teeth per quadrant 
respectively, (3) a minimum of two teeth in each 
quadrant with a pocket depth ≥ than 4 mm, (4) ≥ 
than 40% of sites with BOP, (5), the minimum, CAL 
about 3 mm, (6) general radiographic bone loss 
more than 15% and less than 33% in the coronal 
third and (7) no tooth loss due to periodontitis. (8) 
Stable periodontal status. The study was originally 
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designed to contain 30 participants. The remaining 
15 participants have completed the research 
requirements, 7 women and 8 men, aged 20-
40 years (mean age 31.73) were assessed for 
eligibility at the periodontics department in our 
center as illustrated in the flow chart (Figure 1). 
Patients were divided into experimental (right) 
and control (left) sides either maxilla or mandible. 
The exclusion criteria were: (1) the periodontal 
therapy during the last 12 months, (2) diabetes 
mellitus, hypertension, (3) pregnancy, (4) use of 
antibiotics or anti-inflammatory agents or mouth 
wash within the previous 6 months, (5) use of 
vitamin D3 supplements within the last 6 months, 
(6) and use of any medications associated with 
gingival/periodontal change.The study protocol 
was approved by the National Center of Training 
and Human Resources in the Ministry of Health 
in Iraq, on 12/26/2018 (#10623), as a part of the 
research plan in the department of training and 
human development for the year 2019. The study 
was commenced after receiving approval. Each 
patient was informed about the possible risks of 
the study and provided informed written consent.

Sample size calculation
Using G power 3.1.9.7 (Program by Franz Faul, 
universitäit Kiel, Germany) and doing a pilot study 
for both study and control groups of 10 samples 
(sides) after treatment for the diseased periodontal 
pockets and the mean ±Standard deviation are 
1.3 ± 0.5and 1.06 ± 0.41 for both control and study 
groups respectively computing the Cohen’s d 
effect size is 0.524 with alpha error and the power 
of study are 0.05 and 90% respectively thus 
the minimum sample size is 78 sides (samples) 
for each group, taking into consideration a 10% 
dropout (Zhong, 2009), which is approximately 8, 
so 8+78= 86 sites and by this, the total sample size 
will be 172 sites for the test and control groups.

Clinical examinations
Signed consents were obtained from the chosen 
patients. Panoramic radiographs have been 
performed on all the participants at baseline 
visits and 35 days visits for diagnostic purposes. 

Preliminary periodontal indices; PI, GI   (Löe and 
Silness 1963), BOP for the entire teeth except for 
the wisdom teeth. PPD and CAL were registered 
for the mesial and distal sites (the sites in which 
the material is given) (Ramfjord, 1967). Fifteen 
patients with 192 sites have completed the 
research requirements. The sites were divided 
into experimental (right) and control (left) of the 
same arch, for either maxilla or mandible. The 
study consists of (192) sites (96 for each test 
and control group) divided into 46 mesial and 50 
distal sites (47.92% and 52.08%) respectively for 
both mesial and distal sites. Each patient had full-
mouth periodontal examinations by using William’s 
periodontal probe for examination. PI, GI, BOP 
have been registered including the test and the 
control sides together as a whole.  All subjects 
were reexamined every visit for PI, GI, BOP with 
reinforcement of oral hygiene instructions. CAL & 
PPD were registered at 2 points  the first injection 
visit and the follow-up visit for the test and control 
sides separately. All visits were conducted by 
two experienced periodontists; for examination/ 
registration of indices and carrying out the 
treatment protocol (the preparation of the material 
combination and injection). The examination 
criteria were judged to be reproducible after 
meeting a percentage of agreement within –1 mm 
between repeated measurements of at least 95%.  

Instruments, chemicals, methods, and 
treatment
Each patient underwent scaling and root planing 
without the use of any oral antimicrobial agents. 
All (96) experimental sites were injected with the 
tested material (Alfacalcidol )  in three consecutive 
weeks; three weeks regimen (Al-Hasani et al, 
2011). The patients were recalled 14 days after 
the last injection which is considered (the 35 
days visit) for final follow-up, periodontal indices 
registration, and radiography. The material 
used in this study is 25(OH)D3 (2 µcg/ml One-
Alpha Injection ®). It is of clear, colorless liquid 
(One-Alpha Injection Leo Laboratories Limited 
Denmark). The concentration of (Alfacalcidol) to 
be introduced into each experimental site is 0.25 
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µcg/0.2 ml vitamin D3. A mixture is made of these 
materials; (1 gram of Trisodium Citrate Dehydrate 
(Gailand Chemical Company UK), 4 ml of DMSO 
(dimethyl sulfoxide (BDH) (David 1972)  (Al-
Hasani et al. 2011) and 10 ml of normal saline. 
Then 1.5 ml of this mixture is combined with one 
ampule of Alfacalcidol. The resulted solution (2 
ml) is divided into 4 insulin syringes; each 0.5 ml is 
injected in each site which contains 0.25 µcg/0.2 
ml vitamin D3 (alfacalcidol). The solution was 
freshly prepared while the patient is sitting on the 
dental chair. The injection was given in PDL intra-
ligamentary, by 0.5 ml insulin disposable syringe of 
(0.30×8 mm. pic Solution Company/ Italy). Vitamin 
D3 injection visits provided a non-traumatic, short 
appointment therapy, no stress, no pain, and side 
effects. The procedure was done without local 
anesthesia, the time required for the session was 
no longer than 2-3 minutes.

Statistical analysis
All statistical procedures were performed by using 
Statistical Package for Social Science (SPSS-21, 
Chicago, In Press, USA), the inferential statistics 
used were; One Way Repeated Measure Analysis 
of Variance (ANOVA), Bonferroni post hoc test, 
Two independent Sample T-test, and Paired 
sample T-test. The level of significance of 0.05 
was considered.   

Radiographic evaluation
In this research preliminary, panoramic 
radiographs were performed instead of full mouth 
periapical or bite-wing screening. OPG provides 
an overall picture in the diagnosis of periodontal 
diseases including radiographic bone levels, 
plaque retention factors, caries lesions, furcation 
lesions, and subgingival calculus (Machado et al, 
2020) (Krois et al, 2019). The participants were 
having generalized periodontitis with areas of 
vertical bone resorption, especially in the molar 
and premolar interdental areas. Each participant 
had two OPG, the first one was taken in the  
baseline visit and the second one was taken in the 
follow-up “35 days” visit. Three expert radiologists 
in two different dental centers had noticed that 

(1) there is a better bone quality in the test side 
in the 35 days visit compared to the control side. 
(2) The marginal bone level had been raised 
slightly for both groups. The X-Ray device used 
in this research is (Orthophos XG/Sirona serial 
no. 91239). These panoramic radiographs were 
not included in the statistics because they were 
taken for diagnostic purposes to complement the 
preliminary assessment of periodontitis in general, 
and to be set as a reference tool for further follow-
up visits in the future. 

Results 
The periodontal health parameters P, GI, and BOP 
indices were taken at three points.  The first point 
was the time where the patient attended the center 
and was evaluated as a stage II periodontitis and 
fit for the research and named (baseline visit) 
before getting any periodontal treatment. The 
second point is determined when the BOP  had 
dropped to a level indicating the improvement of 
the oral hygiene after SRP (Chaves et al, 1993). 
At this point (the second point), PPD & CAL were 
registered and the intervention was performed by 
injecting vitamin D3 into the previously chosen 
sites, in the visit named (first injection visit). The 
third and the last point is the 35 days visit (35 days 
from the second point) in which the final follow-up 
is accomplished. The periodontal health scores 
were examined for the whole teeth as shown in 
(table 1, Figure 2). A drop in mean PI, GI, and BOP 
index for both groups throughout visits with a highly 
significant difference and with large effect size, but 
the largest effect size found in the plaque index. 
The mean PI was (1.601 ± 0.550) in the baseline 
visit, (0.495 ± 0.351) in the first injection visit, and 
(0.210 ± 0.126) in the 35-day visit respectively. On 
the other hand, the mean of GI throughout visits 
was (1.271 ± 0.832), (0.340 ± 0.573), and (0.099 ± 
0.180) respectively. The decrease was noticed for 
the BOP index which was (0.419 mean with SD 
of ± 0.321), (0.104 mean and SD of ± 0.172) and 
(mean of 0.020 with SD of ± 0.024) respectively. 
In table (2) we noticed in multiple pairwise 
comparisons of time treatment in each periodontal 
parameters that when comparing each visit within 
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other, the results were highly significant difference 
except in the GI and  BOP index when compare 
the first visit within the 35 days visit the results 
are not a significant difference. In this split-mouth 
study, the comparison between 96 sites chosen 
for each test and control group was evaluated for 
the PPD and CAL at two points; the first injection 
visit and the 35 days visit. In table 3, Figure 3a 
the PPD in the control side was (5.000mm with 
SD of ± 0.114 mm) vs. (5.167mm with SD of ± 
0.141 mm) on the test side before the treatment. 
This measurement has changed for the control 
side was (1.146 mm with SD of ± 0.188 mm) vs. 
(0.823mm with SD of ± 0.171 mm) in the test 
side. The mean difference was 3.854 mm on the 
control side and 4.344 mm on the test side and 
the percentage of change was 77.08% on the 
control side vs. 84.072% on the test side. In table 
3 Figure 3b CAL for the control-side was (4.229 
mm with SD of ± 0.072mm which became 2.427 
mm with SD OF ± 0.064 mm) and for the test-
side was (4.198 mm with SD ± 0.073 mm which 
became 2.354 mm with SD of ± 0.065 mm). The 
mean difference was 1.802 mm on the control 
side and 1.844 mm on the test side and the 
percentage of change on the control side was 
42.611 % vs. 43.926 % on the test side

Figure (1): Flowchart of the ranomized 
clinical split-mouth study.

Figure (2): Clinical parameters show 
significant improvement throughout 
visits for both control and test groups.

Figure (3a): The drop of mean PPD 
index efore and after treatment 
in the test and control sides it 
showed a non-significant difference. 

Figure (3b): The drop of mean CAL 
index  efore and after treatment in the 
test and control sides it showed a non-
significant difference.
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Table (1): Descriptive and statistical test of change 
of periodontal parameters (Plaque, Gingival, and 
bleeding on probing indices) among time using 
repeated measure ANOVA.

Table (2): Multiple Pairwise Comparisons 
showed that all periodontal parameters (Plaque, 
Gingival, and bleeding on probing indices).

Table (3): This table represents the CAL and 
PD in the test and control sites before (at the first 
injection visit) and after ( at the 35 days follow up 
visit).

Discussion
We have theorized that topical injection of 
vitamin D3, in the form of 25(OH)D3 molecules, 
will assist in the recovery of the inflammation 
signs of periodontal diseases in conjunction 
with the nonsurgical periodontal treatment and 
regeneration of bony defects may occur. In this 
research, vitamin D3 was used in the form of 
25(OH)D3 instead of 1,25(OH)2D3 which has been 
used in the previously mentioned researches. The 
enzyme 1 α-hydroxylase responsible for converting 
25(OH)D3 into 1,25(OH)2D3 was thought to be 
limited into the kidney, now this enzyme is found 
to be expressed in numerous extra-renal tissues 
including periodontal ligament (Liu et al, 2012; 
Zehnder et al, 1999). It has been proved that 
25(OH)D3 exhibits the same physiological and 
pharmacological effects by activating the vitamin D 
receptor (VDR). Both can influence the production 
of pro-inflammatory cytokines by cells of the 
periodontal ligament  (Andrukhov et al. 2014). 
The participants in both groups have undergone 
non-surgical periodontal therapy; SRP alone to 
the control sites and SRP with vitamin D3 to the 
test sites with the registration of the periodontal 
parameters.After completion of phase I periodontal 
treatment, the participants were recalled to receive 
the local injection of vitamin D3. There was a 
significant change in the means of PI, GI, and BOP 
index between visits in each participant, the highest 
change was in PI which has dropped consecutively 
throughout visits. This is the result of conventional 
periodontal treatment with good maintenance 
of oral hygiene measures either with or without 
vitamin D3  (Sbordone et al, 1990; Smiley et al, 
2015), which indicates that maintaining oral health 
in the right way is the key point in the elimination 
of the signs of periodontal inflammation and that 
reduction of the subgingival bacterial biofilm is a 
critical step in the long-term healing and repair in 
chronic periodontal therapy (Mombelli, 2017). The 
results have shown a significant drop in the GI & 
BOP index between the baseline visit and the 35 
days visit and a non-significant drop between the 
first visit of intervention and the day 35 visit. This 
may indicate that a one-week interval would not be 
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enough for the resolution of gingival inflammation 
and that the baseline visits in which the massive 
removal of dental biofilm and calculus has been 
taken place are the most important. PPD & CAL 
scores on the test side have not improved as has 
been thought. Although the effect size was high, 
we suggest that the efficacy of vitamin D3 as 
a regenerative agent would be confirmed if the 
number of participants and sites is increased and 
further visits of follow up at 3 months, 6 months, 
and 356 days (Nebel et al. 2015). Using different 
concentrations of vitamin D3 would be definitive 
to improve which dose is required to enhance 
regeneration of periodontium. In this research, the 
concentration of Vitamin D3 was not measured in 
either the gingival crevicular fluid or in the blood 
serum, before and after injection. This point could 
be a piece of conclusive evidence to determine the 
exact concentration needed. The use of different 
concentrations to other groups with the same 
criteria in the same regimen would illustrate the 
variance of the clinical effects of vitamin D3. Serum 
level of 25(OH) Vitamin D3 was not detected due 
to logistic reasons however, vitamin D deficiency 
is prevalent globally and specifically in Iraq (Chao 
et al, 2013; Hadi et al, 2020; Issa and Ibraheem, 
2007). As well as subjects with periodontitis are 
deficient in vitamin D3 regardless of the country 
of residence  (Jimenez et al, 2014). In this study, 
a concentration of 0.25 µcg/0.2 ml of vitamin D3 
(Alfacalcidol) was used in each pocket while the 
average level of vitamin D3 in plasma should reach 
90–100 nmol/L to affect periodontium (Lee and 
Jiang, 2008). This research has its limitations; the 
shortage of time because of the covid-19 pandemic. 
The new classification of periodontal diseases and 
conditions was not widely used at the beginning 
of this study. This is why the GI was used in this 
research. Regarding radiography, Instead of OPG, 
periapical radiographs would be a more accurate 
tool if measurements are required.

Conclusion  
Vitamin D3 could be considered as a useful and 
safe adjunct to SRP in non-surgical periodontal 
therapy when used locally as intraligamentary 
injection into residual pockets (4-6mm).

Acknowledgment 
The authors would like to thank the national 
center of training and human resources in the 
Ministry of Health in Iraq and Dr. Mohammed Al- 
Manna (Associated professor/College of Dentistry, 
Mustansiriyah University) for his valuable input. 

Conflict of interest
The authors announce that they do not have any 
conflict of interest, and they did not receive any 
financial support for the work presented in this 
research. 

References
Al-Hasani NR, Al-Bustani A, Ghareeb MM, 
Hussain SA. 2011. Clinical efficacy of locally 
injected calcitriol in orthodontic tooth movement. 
Int J Pharm Pharm Sci. 3(5):139-143. 

Andrukhov O, Andrukhova O, Hulan U, Tang 
Y, Bantleon H-P, Rausch-Fan X. 2014. Both 
25-hydroxyvitamin-d 3 and 1, 25-dihydroxyvitamin-d 
3 reduces inflammatory response in human 
periodontal ligament cells. PloS one. 9(2):e90301. 
https://doi.org/10.1371/journal.pone.0090301

Bonnet C, Rabbani R, Moffatt ME, Kelekis-Cholakis 
A. 2019. The relation between periodontal disease 
and vitamin d. J Can Dent Assoc. 85(j4):1488-
2159. 

Chao Y-S, Brunel L, Faris P, Veugelers PJ. 
2013. The importance of dose, frequency and 
duration of vitamin d supplementation for plasma 
25-hydroxyvitamin d. Nutrients. 5(10):4067-4078. 
https://doi.org/10.3390/nu5104067 

Chaves E, Wood R, Jones A, Newbold D, Manwell 
M, Kornman K. 1993. Relationship of» bleeding on 
probing» and» gingival index bleeding» as clinical 
parameters of gingival inflammation. Journal of 
Clinical Periodontology. 20(2):139-143. https://doi.
org/10.1111/j.1600-051X.1993.tb00328.xCitations

Daugelaite G. 2018. The relationship between 
vitamin d and periodontal pathology. Medicina. 
54:45. https://doi.org/10.3390/medicina54030045



Saba Samir Alsarraj & Wasan Shehab Ahmed

8

Volume 9, Issue 1, 2022

David NA. 1972. The pharmacology of dimethyl 
sulfoxide. Annual review of pharmacology. 
12(1):353-374.https://doi.org/10.1146/annurev.
pa.12.040172.002033 

De Filippis A, Fiorentino M, Guida L, Annunziata 
M, Nastri L, Rizzo A. 2017. Vitamin d reduces the 
inflammatory response by porphyromonas gingivalis 
infection by modulating human β-defensin-3 in 
human gingival epithelium and periodontal ligament 
cells. International immunopharmacology. 47:106-
117. https://doi.org/10.1016/j.intimp.2017.03.021 

Garlet GP, Avila-Campos MJ, Milanezi CM, 
Ferreira BR, Silva JS. 2005. Actinobacillus 
actinomycetemcomitans-induced periodontal 
disease in mice: Patterns of cytokine, chemokine, 
and chemokine receptor expression and leukocyte 
migration. Microbes and Infection. 7:738-747. 
https://doi.org/10.1016/j.micinf.2005.01.012 

Griffin MD, Xing N, Kumar R. 2003. Vitamin d and its 
analogs as regulators of immune activation and antigen 
presentation. Annual review of nutrition. 23(1):117-
145. https://doi.org/10.1016/j.micinf.2005.01.012

Hadi SM, Al-Tu’ma FJ, Al-Zubaidi RD. 2020. 
Association between hypovitaminosis d3 and type 
ii diabetes mellitus of iraqi patients. J Contemp Med 
Sci| Vol. 6(3):120-125. https://doi.org/10.22317/
jcms.v6i3.790

Issa AM, Ibraheem SA. 2007. Alterations of vitamin» 
d» level in sera of iraqi population. Jornal of Kerbala 
University. 5(1).

Jimenez M, Giovannucci E, Kaye EK, Joshipura 
KJ, Dietrich T. 2014. Predicted vitamin d status 
and incidence of tooth loss and periodontitis. 
Public health nutrition. 17(4):844-852. https://doi.
org/10.3390/medicina54030045

Könönen E, Gursoy M, Gursoy UK. 2019. Periodontitis: 
A multifaceted disease of tooth-supporting tissues. 
Journal of clinical medicine. 8(8):1135. https://doi.
org/10.3390/medicina54030045

Krois J, Ekert T, Meinhold L, Golla T, Kharbot B, 
Wittemeier A, Dörfer C, Schwendicke F. 2019. 
Deep learning for the radiographic detection of 
periodontal bone loss. Scientific reports. 9(1):1-6. 

Lee WT, Jiang J. 2008. The resurgence of the 
importance of vitamin d in bone health. Asia Pacific 
journal of clinical nutrition. 17.

Lin S-J, Chen Y-L, Kuo MY-B, Li C-L, Lu H-K. 2005. 
Measurement of gp130 cytokines–oncostatin m 
and il-6 in gingival crevicular fluid of patients with 
chronic periodontitis. Cytokine. 30(4):160-167. 
https://doi.org/10.1016/j.cyto.2004.12.018 

Liu K, Meng H, Hou J. 2012. Activity of 
25-hydroxylase in human gingival fibroblasts 
and periodontal ligament cells. PLoS ONE. 
7(12):e52053. https://doi.org/10.1371/journal.
pone.0052053

Löe H, Silness J. 1963. Periodontal disease 
in pregnancy i. Prevalence and severity. Acta 
odontologica scandinavica. 21(6):533-551. https://
doi.org/10.3109/00016356309011240 

Machado V, Proença L, Morgado M, Mendes JJ, 
Botelho J. 2020. Accuracy of panoramic radiograph 
for diagnosing periodontitis comparing to clinical 
examination. Journal of Clinical Medicine. 
9(7):2313. https://doi.org/10.3390/jcm9072313

Mombelli A. 2017. Microbial colonization of 
the periodontal pocket and its significance 
for periodontal therapy. Periodontology 2000. 
76(1):85-96. https://doi.org/10.1111/prd.12147

Nebel D, Svensson D, Arosenius K, Larsson 
E, Jönsson D, Nilsson BO. 2015. 1α, 
25-dihydroxyvitamin d 3 promotes osteogenic 
activity and downregulates proinflammatory 
cytokine expression in human periodontal ligament 
cells. Journal of periodontal research. 50(5):666-
673. https://doi.org/10.1111/jre.12249 

Oringer R. 2002. Modulation of the host 
response in periodontal therapy. Journal of 



Saba Samir Alsarraj & Wasan Shehab Ahmed

9

Volume 9, Issue 1, 2022

periodontology.73(4):460-470.https://doi.
org/10.1902 jop.2002.73.4.460

Patil VS, Mali RS, Moghe AS. 2019. Evaluation 
and comparison of vitamin d receptors in 
periodontal ligament tissue of vitamin d-deficient 
chronic periodontitis patients before and after 
supplementation of vitamin d3. Journal of Indian 
Society of Periodontology. 23(2):100.https://doi.
org/10.4103%2Fjisp.jisp_173_18

Ramfjord SP. 1967. The periodontal disease index 
(pdi). The Journal of Periodontology. 38(6P2):602-
610.https://doi.org/10.1902/jop.1967.38.6_
part2.602

Rausch-Fan X. 2014. Both 25-hydroxyvitamin-d3 
and 1, 25-dihydroxyvitamin-d3 reduces inflammatory 
response in human periodontal ligament cells.

Sbordone L, Ramaglia L, Gulletta E, Iacono V. 1990. 
Recolonization of the subgingival microflora after 
scaling and root planing in human periodontitis. 
Journal of Periodontology. 61(9):579-584.https://
doi.org/10.1902/jop.1990.61.9.579

Smiley CJ, Tracy SL, Abt E, Michalowicz BS, John 
MT, Gunsolley J, Cobb CM, Rossmann J, Harrel 
SK, Forrest JL. 2015. Evidence-based clinical 
practice guideline on the nonsurgical treatment 
of chronic periodontitis by means of scaling and 
root planing with or without adjuncts. The Journal 
of the American Dental Association. 146(7):525-
535. https://doi.org/10.1016/j.adaj.2015.01.026

Srivastava MD, Ambrus JL. 2004. Effect of 1, 
25 (oh) 2 vitamin d3 analogs on differentiation 
induction and cytokine modulation in blasts from 
acute myeloid leukemia patients. Leukemia & 
lymphoma. 45(10):2119-2126. https://doi.org/10.
1080/1042819032000159924 

Tang X, Pan Y, Zhao Y. 2013. Vitamin d inhibits the 
expression of interleukin-8 in human periodontal 
ligament cells stimulated with porphyromonas 
gingivalis. Archives of oral biology. 58(4):397-407.

https://.doi.org/10.1016/j.archoralbio.2012.09.010

Werner GH, Jollès P. 1996. Immunostimulating 
agents: What next? A review of their present and 
potential medical applications. European journal 
of biochemistry. 242(1):1-19. 

YAMAJI Y, KUBOTA T, SASAGURI K, SATO S, 
SUZUKI Y, KUMADA H, UMEMOTO T. 1995. 
Inffammatory cytokine gene expression in human 
periodontal ligament fibroblasts stimulated with 
bacterial lipopolysaccharides. INFECTION AND 
IMMUNITY.3576-3581. 

Yussif NM, El-Mahdi FM, Wagih R. 2017. 
Hypothyrodism as a risk factor of periodontitis 
and its relation with vitamin d deficiency: Mini-
review of literature and a case report. Clinical 
Cases in Mineral and Bone Metabolism. 
14(3):312. https://dx.doi.org/10.11138%2Fccmb
m%2F2017.14.3.312

Zehnder D, Bland R, Walker EA, Bradwell 
AR, Howie AJ, Hewison M, Stewart PM. 1999. 
Expression of 25-hydroxyvitamin d3-1α-
hydroxylase in the human kidney. Journal of the 
American Society of Nephrology. 10(12):2465-
2473.

Zhong B. 2009. How to calculate sample size in 
randomized controlled trial? Journal of thoracic 
disease. 1(1):51.
 



 Nebras Fadhil Alwan, Mohammed Abdul Hussein Hamid, &Saja Ali Muhsin

10

Volume 9, Issue 1, 2022

Aging Effect on the Surface Roughness and Color 
Stability of VST-06 Maxillofacial Silicone

1Nebras Fadhil Alwan, BSc, 2Mohammed Abdul Hussein Hamid, MSc, and 3Saja 
Ali Muhsin MSc, PhD 
1, 2, 3 Department of Prosthetic Dental Technology, College of Health and Medi-
cal Technology, Middle Technical University, Iraq.
Corresponding author: Saja Ali Muhsin
E-mail: dr.sajaali79@gmail.com 

Received September 22, 2021.
Accepted for publication on October 18, 2021.
Published February 22, 2022.

Abstract
Background Silicone elastomer is used commonly for the construction of maxillofacial prostheses. 
However, it is possessing inferior physical and mechanical properties alongside clinical longevity of 
the prostheses; rough silicone material may lead to several problems like bacterial accumulation, 
tissue irritation to the surrounding soft tissue, and even lead to some micro-sites propagation into 
mechanical failure, color deterioration of the maxillofacial prostheses is the most common cause of 
its reconstruction. Objectives This study aim to investigate the role of the accelerated weathering 
on the surface roughness and color wave change of the VST-06 silicone elastomer.Materials 
and Methods 10 silicone specimens were prepared at room temperature vulcanization (RTV) 
VST-06. They were tested before being subjected to an accelerated artificial weathering period (at 
the baseline), then after being exposed to 46, 146 and 317h of artificial weathering. The surface 
roughness was measured using TR-200 and the color change measured using the color-ometer 
device. Statistical One-Way ANOVA test used to analyze the results, the significant confidence was 
set to p ≤ 0.05. Results ANOVA showed that the values of surface roughness were different 
among the tested periods (p ≤ 0,05). The lowest surface roughness value is represented after 317h 
accelerated weathering of 0.10µm, while the highest value was at the initial baseline 3.95µm. As well 
as the (red, green,  and Blue) wave color values were decreased overtime of  accelerated weathering 
with the lowest value that represented after 146h of accelerated weathering. Conclusion Within 
this study limitation, it was concluded that the lowest surface roughness was noticed as the aging 
period increased, and the color deterioration was initiated after 46h of accelerated weathering, but 
it increased directly in proportional to accelerated aging.

Keywords: Aging; color; weathering; silicone; surface roughness.
Introduction
Many synthetic materials have been introduced 
with various advantages and drawbacks for the 
reconstruction of maxillofacial defects. Silicone 
elastomer is considered the best choice among 
them for making maxillofacial prostheses, this 
may be related to biocompatibility, durability, 
chemical inertness, and being easily manipulat-

ed and colored especially when need to replace 
movable tissues, (Mahajan and Gupta, 2012; 
Salih et al, 2018). The extraoral prosthesis may 
be affected by different weather factors such 
as sunlight, moisture, and the air polluted with 
dust irradiation to to other variables that may 
damage the prosthesis materials include chew-
ing tobacco, smoking, and household cleaning 
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agents, (Güngör et al, 2021). Artificial acceler-
ated weathering is a practical way to assess the 
durable effect of outdoor weathering conditions, 
by using intensive elements of the weathering 
condition, such as heat, UV, moisture, and water 
spray, (Rosa et al, 2005; M Shihab and M Ab-
dul-Ameer, 2018; Babu et al, 2018; Rahman et 
al, 2021). Other reasons may affect the silicone 
prosthesis may include pigments› fibers which 
inherent ability to degrade over time, (Goiato et 
al, 2009; Goiato et al, 2010; Shakir and Abdul-
Ameer, 2018;Jebur et al, 2018). Environmen-
tal elements such as processing temperature, 
molding-stone color, adsorption and absorption, 
adhesive use, even exposure to cosmetic addi-
tives and human secretions, as well as the in-
fluence of cleaning methods, are all aspects to 
consider, (Mohan et al, 2021). The fine irregulari-
ties on the surface texture of any materials refer 
to material roughness. The average for surface 
roughness (Ra) is the deviation of the surface 
valleys in microinches or micrometers, the rough 
surface denotes great deviations while the minor 
deviation denotes less surface roughness, (Ali, 
2017; Darvell, 2018; Al-Mohammad and Abdul-
Ameer, 2019; Mousa, 2020). The color change 
is mainly attributed to both intrinsic and extrinsic 
aging factors that lead to fading of silicones color. 
The intrinsic physiochemical environments such 
as humidity and thermal instabilities may cause 
a change in the materials› matrix that leads to 
discoloration. Added to the silicone surface ab-
sorb and adsorb of various substances which 
considered extrinsic factors. Also, the color in-
stability may result from other factors such as ex-
trinsic stains accumulation, continuous formation 
of pigments due to degradation, material degra-
dation from use; water absorption, dehydration, 
infiltration, superficial roughness, and oxidation, 
(Farage and 2008; Mancuso et al, 2009; Haddad 
et al, 2011; Wang and Line Ahm Mielby; 2019). 
The silicone elastomers were transparent to UV 
radiation and moisture added to absorb many 
gases, this fact may be cause degradation to its 
intrinsic colors, (Kantola, 2014). 

Materials and Methods
10 specimens were prepared from VST-06 
(RTV) Platinum silicone elastomer (Factor II 
Inc, Lakeside, USA). The Specimens were pre-
pared with a dimension of 25×25×6mm, accord-
ing to the ISO specifications (23529, 2010) and 
ASTM (D624, 2012), (ISO-23529, 2010, ASTM-
D624-00, 2012).

Materials ratio preparation
The final silicone platinum RTV mixing ratio was 
according to the manufacturer›s recommenda-
tions (VST-06) was 10:1; for the base 60g and 
the catalyst 6g. According to the pilot study, the 
total used quantity of rayon flocking was 0.9g 
using a digital electronic balance (0.000digits, 
China) as in Table (1).

Figure (1): Study specimens at the setting pe-
riod using G-jig clamp.

Figure (2): Weather-Ometer device.
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Table (1): Showing the study material ratio by 
weight.

Table (3): ANOVA-test (LSD) showing the red 
wave color change of different weathering 
intervals.

Table (2): ANOVA-test (LSD) showing the surface 
roughness of different weathering intervals.

Figure (3): Surface roughness tester device 
(TR-200).

Figure (4): Color-Ometer device.

Figure (5): Bar-chart showing the mean 
distribution of the surface roughness of the 
tested groups.
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Specimens preparation
The pre-weighed rayon flocking was placed in 
the mixing container of the vacuum mixer de-
vice, then the base of silicon elastomers was 
added to it gradually to avoid dispersion of fib-
ers, (Jebur et al, 2018). Firstly it mixed manually 
for 1min (±1sec) with a clean spatula followed 
by mechanical mixing at a speed of 360rpm for 
2min (±1sec) without vacuum to prevent fibers 
suction. Second, the colored mixture was left 
to stand for 2min because the mixer›s rotation 
generated heat and that reducing the material›s 
working time, (Jebur et al, 2018; Abdullah and 
Abdul-Ameer, 2018). Then, the pre-weighed cat-
alyst was added to the mixture of rayon fiber and 
the silicone base. When the catalyst is added the 
mixture should be mixed all over the directions, 
(Tukmachi and Moudhaffer, 2017; Jassim et al, 
2019). The final silicone mixes should be made 
at a relative humidity (RH) of 50(±10)% and the 
temperature should be controlled at 23(±2)°C, 
(Shakir and Abdul-Ameer, 2018). The homoge-
neous mixture of (free air bubbles) poured gently 
into the customized acrylic mold using a dental 
vibrator to avoid air entrapment within the mate-
rial. A fine needle may be used also to expose 
any air bubbles that formed on the material sur-
face before covering the material and mold ma-
trix, (Al-Harbi et al, 2015). The cover was gen-
tly lowered onto the matrix to allow any excess 
material or trapped air to escape the mold. A 
constant load of 1kg was applied over the mold 
cover center and tightened, using 6 nuts and 6 
G-clamps. According to the manufacturer›s, the 
specimens were secured firmly until the speci-
mens hardened for about 16h, Figure (2), (Ab-
dullah and Abdul-Ameer, 2018; Shakir and Ab-
dul-Ameer, 2018). 

Finishing and storage specimens
After the complete vulcanization period, the 
specimens were kept at a constant laboratory 
temperature of 23(±2)°C for at least 3 hours 
before flashes removal, (Shakir and Abdul-
Ameer, 2018; Abdullah and Abdul-Ameer, 2018). 
Specimens were kept away from light exposure 
through the period of vulcanization in a bag of 

Figure (6): Bar-chart showing the mean dis-
tribution of the red, green, and blue wave 
color of tested groups.

Table (4): ANOVA-test (LSD) showing the green 
wave color change of different weathering inter-
vals.

Table (5): ANOVA-test (LSD) showing the blue 
wave color change of different weathering inter-
vals.
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tight sealing and care must be taken to avoid 
lay the specimens one over another, The speci-
mens were preserved in a modified box of light 
proofing united with a digital thermometer and 
hygrometer device used to show the inside and 
outside temperature and humidity of the box. 
The box chamber was an air-conditioned room 
with RH of 50(±10)% and controlled temperature 
at 23(±2)°C, to remove any undesirable change 
that occurs in temperature and/or humidity, (Al-
Dharrab et al, 2013; Alsmael and Ali, 2018; Ab-
dullah and Abdul-Ameer, 2018). With a scalpel 
and a sharp surgical blade no.11, all flashes on 
the specimens were eliminated, (Jebur et al, 
2018). The specimens were inspected visually 
for intact borders, free of air bubbles, and irreg-
ularities at the surface and inside of the speci-
mens. The specimens were kept in a standard 
condition for 24h before the testing procedure, 
(Abdullah and Abdul-Ameer, 2018).

Artificial weathering
The weather-ometer device (QUV) raises the 
same outdoor weathering state but at a faster 
rate, Figure (2). As a result, many hours spent 
in the device chamber are similar to many days 
spent weathering outdoors. According to ASTM 
G154 weathering cycle standardization was used 
in this study. Each outdoor weathering cycle was 
equivalent to 12h in the chamber. Irradiance at 
(340nm) of (1.55 W/m2) and a temperature of 
60(±3֠C ) were used for the first 8 hours (light cy-
cle). The subsequent 4 hours represented the 
dark cycle, which contained 1.55 W/m2 of irradi-
ance at (340 nm), 15 minutes of a water spray 
system to cause thermal shock, and lastly the 
condensation period at 50(±3°C) temperature. 
The timing of the Weather-ometer differs from ci-
tation to another, a device to another, and even 
within the same device. This may depend on 
many factors related to the weather conditions, 
site of the study, age of the lamplight, presence 
or the absence of filters inside the Weather-ome-
ter. Based on the conditions of Baghdad›s capital 
city, every 100 hours inside the Weather-ometer 
chamber are equivalent to 3 months of external 
weathering or clinical use of the prosthesis, (Ali, 

2017; Cifter et al, 2019). According to the pre-
sent study information, the weathering intervals 
46h, 146h, and 317h inside the Weather-ometer 
chamber are equivalent to 6, 20 and 43 weeks, 
about 1.5, 5 and 10 months, 43, 138 and 299 
days of outdoor weathering or clinical use of the 
prosthesis.

Testing procedures
The testing specimens after 24h weathering 
treatment were finished and kept in a stand-
ard condition (Al-Harbi et al, 2015; Abdullah 
and Abdul-Ameer, 2018). These initial readings 
compared to that obtained after subjecting the 
same group to accelerated weathering periods 
46h, 146h, and 317h. Surface Roughness Op-
tical Tester (TR-200) device with (0.001μm) ac-
curacy, Figure (3) used for the initial and after 
weathering measurements procedure. The sen-
sor moved linearly along the measured length 
when the specimen was put on a flat solid sur-
face. The moves in accordance with the surface 
profile. These movements are converted into 
electric signals which are amplified, filtered, and 
converted into digital signals by an A/D convert-
er, (Goiato et al, 2009; Guiotti et al, 2016). The 
primary processor refines these signals into Ra 
values, which are subsequently displayed on the 
screen. This device drawing the irregularities 
on the sample surface by a surface analyzing 
probe and the 3 readings were recorded for each 
specimen in (μm), then the average value of the 
reading is considered as a roughness result, (Je-
bur et al, 2018; Shen et al, 2021; Rahman et al, 
2021). The color-ometer device was used in this 
study as shown in figure (4), (TCS230, China). 
The set up of the color ometer according to the 
Arduino microcontroller system. The sensor in 
the device consists of four LED lights at the cor-
ners of the PCP and the red-green-blue (RGB) 
color sensor located at the center, (Al Mamun et 
al, 2017).The current study›s findings were ex-
amined and evaluated with the use of the sta-
tistical package (SPSS) version (18), One-Way 
ANOVA test (LSD) post hoc test at a significant 
p-value (p≤ 0.05).
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Results
A statistically significant decrease in the surface 
roughness of the VST-06 RTV silicone material 
was observed among study groups (P≤0.05), 
as demonstrated in table (2) and figure (5). The 
group subjected to 317 hours of accelerated 
weathering has the lowest mean value of surface 
roughness (0.10µm), while the baseline non-
weathered specimens had the greatest mean 
value (3.95µm). And as regards the three colors 
red, green, and blue waves as in tables (3 to 5), 
and figure (6) show the results of the wave color 
change for the VST-06 RTV silicone elastomers. 
After comparing the results, generality significant 
differences were presented between the groups, 
(p≤0.05). However, non-significant differences 
were noticed between the non-weathered group 
and after being subjected to 46h and 146h of 
artificial weathering, (p>0.05). The lowest mean 
value is represented after 146h artificial weath-
ering at 146, 172, and 155 for red, green, and 
blue waves respectively. While the highest mean 
value was (172) for red wave after 317h artificial 
weathering, (212), and (168) for green and blue 
waves at the baseline.

Discussion
Both heat temperature vulcanization (HTV) and 
room temperature vulcanization (RTV) types of 
maxillofacial prosthetic materials seem to under-
go degradation due to changes in the material›s 
mechanical and physical properties including 
surface Topography, (Jebur et al, 2018; Cifter et 
al, 2019; Mousa, 2020). The mechanical proper-
ties of silicone elastomers are affected by several 
factors such as the cross-link density, filler incor-
poration, and polymer chain molecular weights, 
(Shakir and Abdul-Ameer, 2018). VST-06 is a 
platinum-catalyzed vinyl terminated type of RTV 
maxillofacial silicone introduced by Factor II Inc. 
This study material was selected as it has com-
mon applications for good mechanical properties 
and with minimum bubbles forming during speci-
mens fabrication with an adequate working and 
setting time make, (Jassim et al, 2019). Gener-
ally, the maxillofacial elastomer element cannot 
resist high thermal change and less withstand to 

sunlight and irradiation, (Rosa et al, 2005). Less 
surface roughness could help to sustain the me-
chanical qualities of any maxillofacial material, 
as rough material contains finer surface flaws 
that can lead to cracks, bacterial contamination, 
and corrosion. (Al-Dharrab et al, 2013; Mousa, 
2020). As in Figure (5) and table (2) the increased 
surface smoothness values over time of artificial-
ly accelerated weathering were noticed, these 
results could be agreed with the outcomes of 
Atta-Allah and Ali 2017, Mousa 2020, (Ali, 2017; 
Mousa, 2020).  and may disagree with that of 
Al-Mohammad and Abdul-Ameer, 2019, (Al-Mo-
hammad and Abdul-Ameer, 2019). The decrease 
in the surface roughness may be related to con-
tinual polymerization impact that stimulates extra 
arrangement and augmentation of polymer chain 
resulting in finer and smoother silicone surface 
overtime, (Goiato et al, 2009; Guiotti et al, 2016; 
Ali, 2017; Darvell, 2018; Mousa, 2020; Shen et 
al, 2021). Moreover, surface smoothness was 
might be attributed to the fact that the aging 
progression was achieved in a weather-ometer 
chamber, but not in actual clinical use when the 
absence of mechanical irritations or wearing in-
fluence the prosthesis. Furthermore, the water 
spray effect through the artificial aging cycle may 
increase the smoothness by water adsorption to 
the polymer surface resulting in surface swelling 
by stretching the resin matrix, (Darvell, 2018). 
In performing the smoothness property of VST-
06 a prediction in reducing plaque accumulation 
upon use when the material replaces facial cav-
ity defects. The results were analyzed using the 
color-ometer device in this study to show the ef-
fect of 46, 146, and 317h of artificial weathering 
on the color stability of VST-06 silicone material. 
As presented in tables (3 to 5), and figure (6), a 
negligible increase in a red wave color with con-
sidered increase after 317h. While a significant 
decrease in a green wave color conversely with 
the increase of weathering, excepted after 146h 
that showed least mean value. Also, the blue 
wave color was decreased conversely with the 
increase of aging hours. These unacceptable 
color changes results may be supported by Al-
Harbi et al, (2015) as they attributed the color 



 Nebras Fadhil Alwan, Mohammed Abdul Hussein Hamid, &Saja Ali Muhsin

16

Volume 9, Issue 1, 2022

change to the postpolymerization cross-linking 
which is caused by energy from light irradiation, 
producing modifications in the polymer network 
structure. This could be like the polymer chains 
number, the bonding between these chains, or 
their angular arrangement in space. The proba-
bility is followed by changes in the amount of light 
diffusion through the material along with degra-
dation of the polymer color shade, (Al-Harbi et 
al, 2015). The elastomer›s color was changed 
as an effect of UV radiation which resulting in 
reduce the polymerization process, breaking 
down of bonds of the polymer chain, improving 
cross-linking, elastomer decomposition. Also, 
the accelerated interface of fatty acids with sili-
cone, (Haug et al, 1999; Hatamleh et al, 2010; 
Li et al, 2017). The causal environmental factors 
like solar radiation, moisture, routine cleaning, 
airborne pollutants, and temperature, UV radia-
tion was stated to have the greatest influence on 
the degradation of facial prostheses color, (Han 
et al, 2010; Hatamleh et al, 2010; Al-Harbi et al, 
2015; Bishal et al, 2019). The deterioration is pri-
marily caused by a photo-oxidative occurrence 
for most polymeric materials which may be de-
scribed as the oxygen action and combined with 
sunlight, on their chemical structure, (Bishal et al, 
2019). The alterations in the chemical structure 
are generally photooxidation of the polymers, 
with the formation of free radicals (polymer oxy- 
and peroxy-radicals) that lead to chain scission. 
Added free radicals might react with each other, 
producing cross-linking, (Al-Harbi et al, 2015; 
Guiotti et al, 2016). Han, et al, 2010, stated that 
the maximum significant color changes can be 
attributed to the fact that the elastomers have a 
fundamental ability to lose color with weathering 
progression.

Conclusion
Within the limitation of the present study, it was 
concluded that the surface smoothness of Room 
Temperature Vulcanized VST-06 maxillofacial 
silicone elastomer was increased directly pro-
portional to the increase of artificial accelerated 
weathering. Also, the color deterioration of VST-
06 Room Temperature Vulcanized maxillofacial 

silicone elastomer started after 46h accelerated 
weathering  and it increased as the artificial ag-
inghours increasesd.
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Abstract
Background Coping mechanisms are cognitive and behavioural actions to overcome health 
problems and their consequences. To understand how patients with blow-out fractures of the orbit 
cope with the outcome of this injury, it is imperative to recognise the sequence of physical and 
emotional stress they go through. Patients with blow-out fractures have been found to experience 
different degrees of negative feelings related to fear and uncertainty. Fear in this case is essentially 
related to fear of losing vision, inability to work and inability to drive. Uncertainty about the outcome 
of trauma is an additional fear factor. Objectives to explore coping strategies adapted by patients 
sustaining orbital blow-out fractures. Materials and Methods a purposive sample with maximum 
variation (n=21) was taken from patients who were treated for blow-out fractures of the orbit in 
the Oral and Maxillofacial Department in a secondary care hospital in the United Kingdom. Semi-
structured interviews were the preferred method for data selection for a logistic reason. Line-by-line 
coding was employed to generate data, which was organized using the Framework Approach. Data 
were organized theme by theme and case by case. Principles of Constant Comparative Method were 
followed for inductive iterative analysis of data. Results both coping strategies; physical (problem-
focused) and psychological (emotionally focused) have been identified within our data as being 
reportedly adopted by patients with blow-out fractures. Knowledge about the injury, treatment of the 
injury, restoring the sense of life normality helped patients to regain their confidence. Conclusion 
psychological coping with the consequences of orbital blow-out fractures seems to be achieved 
through patients’ regaining their confidence. The passage of time after treatment plays a positive 
role in this respect.

Keywords: orbital trauma; blow-out fractures; diplopia; 
coping;qualitative research; generic qualitative approach
Introduction
The term of blow-out fracture of the orbit (BFO) 
refers to the orbital floor fracture without the 
involvement of the orbital margin. It was first 
introduced by Converse and Smith (Converse 

and Smith, 1957). This type of trauma appears 
to cause impairment, activity limitations, and 
participation restrictions. Patients with blow-
out fractures have been found to experience 
different degrees of distress and frustration. 

https://orcid.org/0000-0002-4899-824X
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These negative feelings occur as a result of the 
trauma itself and related to fear and uncertainty 
(Yaqub et al, 2016). Fear is a usual response 
to trauma. However, in blow-out fractures of 
the orbit it is essentially related to fear of losing 
vision, inability to work and inability to drive. 
Uncertainty about the detrimental effect of trauma 
on health is an additional fear factor. Patients 
seem to be specifically disturbed by diplopia, 
which is considered by patients as a visual acuity 
problem. Lack of full comprehension of the 
reason behind the diplopia can be compounded 
if the communication from the clinical team is 
ineffective. Delay in implementing  definitive 
treatment seem to exacerbate patients’ fear and 
frustration  (Yaqub et al, 2016). Physical activity 
limitations caused by diplopia may influence the 
patient’s ability to work, and impact relationships 
with family, employers, and wider social circles 
(Falvo, 2005). It is acknowledged that the relation 
between disabling health conditions and social 
life challenges can affect the perceived individual 
self-image (Falvo, 2005). Coping mechanisms 
are cognitive and behavioural actions adopted 
by patients to overcome health problems and 
their consequences (Ito and Matsushima, 2017; 
Leventhal et al, 1989). There are two major types 
of coping: 1) Problem-focused coping, which 
addresses the troubled relationship of the person 
to the surrounding environment by changing the 
environment itself. 2) Emotion-focused coping, 
which deals with the problem through either 
denial or distraction from the problem. The latter 
form of emotion is considered the most powerful 
and widely used coping mechanism to regulate 
stress (Lazarus, 1993). There seem to be 
limited published literature examining the coping 
mechanisms used by patients to deal with the 
consequences of blow-out fractures 

Aim of the study
To explore the coping strategies adopted by 
patients who have sustained orbital blow-out 
fractures 

Materials and Methods
After obtaining ethical approval, (09/H0907/73) 
a purposive sample with maximum variation 
(n =21) was taken from patients who were 
treated for BOF in the Oral and Maxillofacial 
Department in a secondary care hospital in the 
United Kingdom blow-out fractures of the orbit. 
Sampling criteria were grouped to preoperative 
and postoperative surgically managed patients; 
conservatively managed patients; gender; age 
>18; different severity of Binocular Single Vision 
(BSV) (low, middle, and high score categories); 
pre and postoperative course (Table 1). All 
patients with isolated blow-out fractures who 
consented to participate were included. Semi-
structured interviews were the preferred method 
for data selection for logistic reasons. They 
allow privacy, which will give patients a more 
comfortable environment to share their thoughts 
and perception in-depth. Trauma, for some 
individuals, is an embarrassing experience, 
which they do not wish to share with others. 
The interviews took place in a hospital setting, 
whenever it is convenient for the patients. The 
interviews were conducted by one trained 
interviewer (FA) using a flexible topic guide, 
which was informed by expert opinion and 
research on strabismus and diplopia (Hatt et 
al, 2007). Interviews were continued until data 
saturation was reached. This means there are 
no new ideas or themes that emerged from new 
data. 
An inductive approach was largely adopted, as 
little is known about patients’ strategies for coping 
with this type of trauma. Generic qualitative 
approach, which cut across the basic terms 
shared by different qualitative methods, was 
employed. Line-by-line coding was performed 
to generate data. This coding means going 
through the text and giving a code (name) fro 
each line (Gibbs, 2007). Then the codes are 
organized using the Framework Approach. Data 
were organized theme by theme and case by 
case (Ritchie et al, 2013). Principles of Constant 
Comparative Method (Glaser and Strauss, 1965) 
were followed for inductive iterative analysis of 
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data. Iterative means that data analysis begins 
with data collection (Alhamdani, 2020). Two 
researchers (FA & JD) were involved in data 
analysis. Table 1 will provide the cross-reference 
for patients’ quotations shown in the results 
section. 

Results and Discussion
Both coping strategies; physical (problem-
focused) and psychological (emotionally 
focused) have been identified within our data as 
being reportedly adopted by patients with blow-
out fractures; physical coping (problem-focused) 
and psychological coping (emotional-focused). 
Emotion-focused coping is more likely to be 
adopted when the person views the stressor or 
the problem as an uncontrollable event (Carver 
2007). In this aspect, the person’s attempt to 
deal with the impact of the trauma is emotional 
coping. 

Physical (problem-focused) coping 
The study data show that there was a recurrent 
physical strategy reported by patients to deal 
with diplopia in the peripheral fields of gaze. 
This strategy involved adopting a compensatory 
head position which has been reported in the 
literature before in the case of vertical diplopia 
which results in a compensatory head flexion 
or extension Sullivan et al, (1992). Patients 
reported that, over time, they started to adapt by 
moving their heads towards the side where the 
diplopia occurs. Patients report that the use of 
a compensatory head position is most important 
during driving and using the stairs more than other 
life activities. “I’ve already noticed that I’m starting 
to compensate for the areas of vision that I can’t 
quite reach.  Like I do just sort of automatically 
just tilt my head instead of looking up. I know my 
range.” (Case 1, Female, aged 24, Fall). “I do 
drive, yeah. It was a little bit double vision when 
I did start to drive, and obviously when you were 
looking to the right and see things coming, I don’t 
know, maybe off junctions or round roundabouts, 
it was hard to maybe judge cars the same way 
unless you actually turned your whole head 

instead of just using your eyes.  But I think it’s 
just something I’ve become adjusted to now.  I 
wouldn’t say the double vision’s there as much, 
but obviously when it does come I do tend to 
move the head a little bit more than just using 
the eyes.”  (Case 12, Male, Aged 21, Assault). 
If surgery is not a treatment option, sometimes 
prism glasses  are prescribed to help patients 
with a certain degree of diplopia. Some patients, 
however, described wearing these prisms as 
an unpleasant experience. It seems that some 
patients prefer, either a compensatory head 
position or periods of “relaxation” for their eyes 
from time to time, as they report diplopia worsens 
with exhaustion. “I didn’t get on with them well.... 
so I lost them, but I was quite happy that I lost 
them. I literally probably maybe dealt with them 
for about six months. (Case 15, Male, aged 24, 
Sport injury). For cases where diplopia is in the 
primary central field of the gaze the issue is 
different. It is not useful to manoeuvre the head 
position because diplopia is in the central field 
of vision. Some patients find it easier to cover 
the affected eye, using their eyeglasses, or just 
close the affected eye. Some female patients, 
however, do not like to “scrunch” their face to use 
the normal eye and as such, they have to deal 
with the problem of double vision. Other patients 
reported becoming dependent on the family in 
doing their daily life activities.  “These are my 
glasses. I’ve just put tape on the back. What I think 
would have been good as well if I’d have been … 
you know, eye patches. If I had one of them from 
the start that would be easier because you do … 
on Thursday I was walking around feeling dizzy.” 
(Case11,Male, aged 26, Assault). “I didn’t really 
manage that well, like I just had to deal with it, 
like I closed one eye.” (Case 17, Male, aged 19, 
Assault). Some patients used other ways to deal 
with constant diplopia (diplopia in the central field 
of vision).

 1A wedge shape refracting medium used to achieve binocularity 
Rowe F. 2000. Glossary. In: Rowe F, editor. Clinical orthoptics. 
First edition Reprinted ed.: Blackwell Science Ltd.
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 One patient noticed that the false (higher) image 
is weaker, so she started to rely on the (lower) 
stronger image. This adaptive mechanism has 
not been seen to be followed by other patients 
with diplopia in the primary gaze. This is possibly 
because it is not always consistently the same 
image which is incorrect: some patients see both 
images as real; despite they believe that one of 
them is unreliable.  “I think I just sort of got used 
to it really and knew that the one image was 
stronger than the other image I suppose. The 
lower image was stronger and was the correct 
one. So, I could sort of ignore the upper image.” 
(Case 2, Female, aged 62, Fall).  “Well they’re 
both real images, but this one was off-set to … if I 
was looking out that window it would be up there. 
So I would know that that’s the wrong vision. If I 
went to touch it the window would be where this 
eye is seeing it, yeah. Now if I went to touch it 
with this eye – miles out, nowhere near.” (Case 
3, Male, Aged 40, Work injury).
 
Psychological (emotion-focused) coping 
Psychological coping has been defined as an 
individual’s attempts to preserve self-worth and 
value. It involves bringing meaning to the altered 
situation and its effects on the body and soul 
(Bury, 2002). Individuals use coping to manage, 
control, or reduce the stress associated with 
significant life events in an attempt to restore 
psychological equilibrium after a traumatic event 
(Falvo, 2005). Coping can be: successful or 
unsuccessful; consolidated or fluid; consistent or 
inconsistent according to the environmental 
demands (Aldwin and Yancura, 2004; Lazarus, 
1993). Psychological coping should be 
understood as the product of multiple 
biopsychosocial influences (Thomas, 2004), as 
coping depends on other people’s reactions 
towards the problem and the degree of emotional 
support and reinforcement provided by them 
(Bury, 2002). This may be the reason behind the 
difficulty in determining why people use specific 
coping strategies in relation to specific stressful 
encounters (Lazarus, 1993). Psychological 
coping in trauma should also be considered with 

respect to active or passive coping strategies.  In 
active psychological coping, the patients confront 
their condition, learning useful skills to help them 
to be engaged in treatment to control their 
condition. “There’s people much worse than 
yourself. You know, people have lost limbs, 
people have lost family members and life. People 
live in poverty. How do they cope in life? And 
that’s, that’s the way I think of things. I look at a 
negative situation – how can I make this positive?” 
(Case 3, Male, Aged 40, Work injury). Alternatively 
in passive psychological coping, patients refuse 
to face the problem and try to deny its seriousness. 
Denial or avoidance aims to help them escape 
from feelings of distress. The essential problem 
with this way of coping is that it does nothing 
about the stressor or its impact (Carver, 2007). 
That is why it has been considered a maladaptive 
strategy (Falvo, 2005; Olff et al, 2005). It has 
been argued, however, that the dichotomy of 
acceptance and denial, as used by health care 
professionals, should be considered according 
to the patient’s perspective within the concept of 
optimism and pessimism. Some people with 
illness, as they hold the burden of the illness in 
the background (denial behaviour), can sustain 
the sense of well-being that allows them to live 
as they wish (Paterson, 2001).  It is believed that 
passive (denial or avoidance) coping is easier for 
patients with the presence of sort of distracting 
habits or behaviours that encourage the patient 
to avoid thinking about the trauma and its 
sequences (Olff et al, 2005). Avoidance as a 
cognitive behaviour aims to protect the 
traumatised person’s thoughts from exposure to 
reminders of the traumatic event (Carlson, 1997). 
“I just … I’m one of them who just get on with it. 
I’m not … sometimes I get angry and think ‘why 
me’ but then it just goes. I just watch the telly and 
take me mind off it. I just watch the telly and try 
not to think it’s there until I’ve got to put my drops 
in and I realise and then it’s there. You know, just 
sort of things like that, just try to forget about it. 
Put the telly on or have a bath or, you know, just 
put the radio on.” (Case 14, Male, aged 43, 
Assault).  “Now, in my life, what I do, you just get 
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on with it. I don’t do anything over dramatic or 
anything” (Case 21, Male, aged 47, Assault). 
Blow-out fractures have the potential to be a life-
changing experience in both negative and 
positive ways. There is evidence in the literature 
shows that trauma could have a positive influence 
on people experience in different aspects, such 
as perceived changes in self; a changing sense 
with the relationship with others; and a changed 
philosophy of life (Tedeschi and Calhoun, 1996). 
“But actually, with the eye condition as well, it has 
changed us on me outlook on certain aspects of 
my life, as I was saying before. It has made me 
like think about things differently. .... I think I’ve 
found me cloud to sit on. Do you know what I 
mean? Just like yeah, that’s cool. I’m just like a 
bit more sort of humble with things. Do you know 
what I mean? .... I don’t get extra stressed over 
stupid things anymore. Do you know what I 
mean? Like waiting in queues and sort of like, 
you know.    .... I’ve just like cut a lot of things out. 
It has changed a lot, I know it’s changed us like a 
person. I know that for a fact, because I actually 
feel different. I feel different towards things.” 
(Case 6, Male, aged 45, Assault). On the other 
hand, the state of anger and frustration from the 
trauma could make the patient refuse to accept 
the physical limitations imposed as a result of the 
trauma, even if these limitations are minor 
degrees of diplopia. This might then present an 
obstacle in coping with the injury. “My double 
vision is bad because it’s there and it is an injury 
and it shouldn’t be like that. You know, I have 
always had good vision and I shouldn’t have to 
deal with it when I’m … even though like I say, I 
shouldn’t have to deal with it in my life.” (Case 14, 
Male, aged 43, Assault). “Obviously it’s not going 
to make you happy so it’s just like … I’m not 
happy that I’ve had to have a scar there. At the 
end of the day, I had no option, it was either that 
or I have no vision. But it’s just like obviously I’m 
not really happy that I’ve got a scar above me 
eye. And I’m not exactly a good-looking kid 
anyway and I need to try to keep all the looks that 
I can.” (Case 17, Male, aged 19, Assault). Patients 
can perceive trauma as a sudden unexpected 

incident, in which they have become involved 
with often no justifiable cause. This, also, 
negatively influences the way patients can deal 
with the trauma. This can make it a difficult 
situation to deal with. “I think it’s always difficult 
to adjust to life when things happen very suddenly, 
whereas if things happen gradually, you have 
time to adjust yourself and find coping 
mechanisms in their own particular period of 
time. But if things happen very rapidly then 
sometimes it’s difficult to cope with because, you 
know, you don’t have time to find any mechanism 
to try to compensate for things.” (Case 7, Male, 
aged 32, Assault). Some trauma patients may 
become incapacitated through trauma-related 
depression due to its wide psychological 
influence. That is why it is important to understand 
the patient’s need to help to overcome it (Horn, 
2009). “it was frustrating and boring and obviously 
I did feel a bit cabin, a bit cabin, feverish a little 
bit sort of claustrophobic not being able to go out 
and do much.” (Case 1, Female, aged 24, Fall). 
The discussion of the data so far has shown that 
both the lack of knowledge about the blow-out 
fractures especially in the early post-injury period 
and consequent fear about permanent visual 
loss can potentially exert a negative psychological 
influence. The patient becomes uncertain about 
their ability to cope with the prospect of possible 
loss of vision. This doubt is especially pertinent 
for patients who perceive (and/or possess) 
severe or complete double vision. “It made me 
think, how I will cope with it. I don’t know if I ever 
could cope with it. I really don’t. I’m like … things 
like sort of like … I think it’s like banging in to me 
heart and that. Seeing colours and seeing things 
are important to me like. I would rather go deaf; I 
would rather go deaf or mute than go blind.” 
(Case 14, Male, aged 43, Assault). Trauma-
related psychological disturbances are known to 
impact on patient’s cooperation during the 
treatment and recovery period (Hull et al. 2003). 
However, the surgeon might help the patient to 
tackle the negative psychological effect of 
trauma. This could be achieved through the 
active engagement of patients with their care  
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(Coulter et al, 2008). Our data demonstrated that 
knowing the injury helps the patient to understand. 
Understanding the problem will enable the 
patient to adapt is a positive coping strategy, as 
it enables him to change his look toward his 
injury and overcome its effect (Coulter et al, 
2007). Knowledge about the medical condition 
can provide the individual with an opportunity to 
conceptualise the disease process in a manner 
by which he can hold the disease in the 
background of his thoughts (Bury, 1991; 
Paterson, 2001). This foreground and background 
shifting perspective model (Paterson, 2001) 
suggests it is possible to shift the illness 
perspective from the foreground to the 
background of one’s mind. Paterson suggests 
that learning as much as possible about the 
disease will ensure a wellness in the foreground 
perspective. Accordingly, the self, not the affected 
(wounded) body, may then become the source of 
identity. The wellness in the foreground 
perspective separates the diseased body from 
the patient. The “wounded” or affected body will 
become objectivised and no longer control the 
patient.  Furthermore, knowledge, from the 
perspective of self-regulation, influences coping 
through changing disease representation. 
Disease presentation and coping process are 
linked together. Within the context of self-
regulation, people as health problem solvers 
attempt to improve their health and coping with 
disease as they define and re-define them (De la 
Fuente et al, 2018; Leventhal and Contrada, 
1998). Based on our data, helping the patient to 
understand the difference between double vision 
and vision loss, from the beginning, might provide 
the patient with the early support they need. This 
early support could prove crucial as the immediate 
post-injury period, which can last for a few weeks 
to months post-trauma is when coping occurs 
(Tuval-Mashiach et al, 2004). “I felt confident as 
my vision is okay because the eye doctor gave 
me the impression that the vision itself, apart 
from there’s a bit of damage to my pupil. There 
might be a little bit of glare. But it’s the double 
vision. There’s nothing wrong with my eye itself, 

it’s the muscles around it and the movement 
needs lining up I think”. (Case 11, Male, aged 26, 
Assault). The influence of such knowledge can 
be seen if the patient had previously experienced 
this type of trauma. The following quote shows 
how the patient perceives his blow-out injury 
when it occurred for the second time to the same 
side. “I’d been hit in the exact same place and I 
felt like … it’s funny but it was like a trapped 
nerve. Sort of like a trapped nerve like a funny 
like sting, weird to explain. But I knew that it had 
happened, I knew that it had been broke again... 
I was a lot more scared the first time because 
obviously I didn’t know whether it would like go 
away or whether it was going to be really bad 
double vision all the time. But the second time 
like … I knew that I’d broke my eye again. The 
second time I was more worried about in case 
like you wouldn’t fix it.” (Case 17, Male, Aged 19, 
Assault). The quote above also reflects the 
quality of communication this patient may have 
had during the previous treatment sessions. This 
communication then enabled the patient to 
understand his symptoms. Some patients find 
that searching the web for the injury can help 
them to understand more about their problem 
and react more positively to the information 
provided by the surgeon. This, however, is not 
the case for all patients, since some seem to 
believe that these websites provide general 
information, which is not necessarily related to 
the patient’s specific condition. “What I got from 
the internet was: Diagrams of the eye and the 
muscles and which muscles help move the eye 
and that, and this Just sort of gives an 
understanding of maybe what was wrong with 
my eye. So I kind of had an idea so when I’d 
seen the consultant and that just so I had a bit 
more of an idea when he was talking about stuff.” 
(Case 14, Male, aged 43, Assault). “[I did not 
look through the internet] because it tells me 
nothing about me”. (Case 7, Male, aged 32, 
Assault). 
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Table (1): The characteristics of the study 
subjects.

Restoring the sense of life continuity 
(Influence of job and social support)
It has been noticed that fear of losing one’s job 
is one of the elements which can add to the 
patient’s suffering (Alhamdani et al, 2016).  In 
contrast, returning to work positively influences 
patients’ confidence. Loss of confidence, as 
shown earlier, is one of the indirect sequelae 
of the injury. It might be important, therefore for 
clinicians, to consider the patient’s ability to work 
again as an important management outcome. 
“[as I am going back to work] I’m starting to feel a 
bit more confident and I’m starting to feel happy 
that my eye’s like and my cheeks, the swelling’s 
gone away, the black eye’s gone. I’m just waiting 
for the blood shot to go away and I’m feeling 
happy about it and a bit more confident and I’m 
starting to get back into being myself.” (Case 
8, Male, aged 22, Assault).  “It concerned us a 
little bit but I was pleased more than anything 
because I’ll be able to get on with … I won’t have 
it as bad, I’ll only have it when I look right up, so 
I should be able to drive okay and I should be 
able to do my job okay. In me daily life I should 
be alright. So it was a relief. (Case 14, Male, 
aged 43, Assault). The increase in confidence 
related to a patient’s ability to perform his job is 
one of the reasons why patients report that they 
try to return to work even if they still be unable 
to perform their jobs in the way they used to. 
Although we cannot ignore the financial factor, 
still, regaining confidence through returning to 
work is an important part of patients’ perceived 
recovery process. The other positive aspect of 
returning to work is, as the patients report, the 
fact that it occupies their thoughts as opposed to 
the injury persistently occupying their thoughts. A 
frequent preoccupation with their injury reportedly 
makes it more difficult for the patient to be alone 
because his/her mind tends to be engaged with 
negative thoughts all the time. “I’ve got to work. 
And basically, that keeps your mind off things 
anyway. When you’re fenced in the house that’s 
when you start thinking about how bad it could 
be.” (Case 4, Male, aged 48, Assault).Patients 
might cope with the trauma using more than one 

Figure (1): The study theoretical construct 
(Ver.7).
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coping strategy. Family members and friends 
around the patient help provide the patient with 
psychological support. Despite that Lazarus, 
(1993) pointed out that social support seeking 
is not a consistent coping mechanism, our study 
data would suggest individuals with blow-out 
fractures rely on both physical and psychological 
support provided by family members and friends. 
“Luckily my partner’s helped us out a little bit. 
Just generally like that really with obviously 
reassurance that obviously everything’s going 
to be alright. The financial side of things. And 
same with family and friends made sure that 
obviously that if I need anything they’re there.” 
(Case 12, Male, aged 21, Assault). Glynn et 
al, (2003) suggested that emotional support in 
the early post-injury period plays a positive role 
on trauma patients. The lack of support in the 
early post-trauma period, on the other hand, has 
been found associated with a higher rate of post-
traumatic symptoms at 1 month from the injury. 
Social support and communication might also be 
helpful factors in coping with distressing feelings 
associated with the trauma and its consequences 
(Bury, 1991; Mechanic 1995; Sippel et al, 2015). 
Charmaz, (1983) explained that social contact 
can help minimise the patient›s feeling of “loss 
of self” as a result of his/her health problem. It 
gives the ill person the feeling of being valued 
as a person and therefore “the loss of self” is 
incomplete. In this study’s data, this has been 
reflected by the fact that social support helped 
the patient regain confidence.  “[it was difficult 
1st] Couple of days, yeah. And then like, you 
know, having family round and that was what, 
you know, pushed us and got the confidence and 
everything. (Case 16, Male, aged 24, Assault). 
In our study, social support took more than one 
form. Family members and friends might help 
the patient with his/her daily activities as well as 
providing him with potentially useful information 
concerning his/her condition. “If my sister and 
I went to the shops, she’s got this bag, like a 
shoulder bag, and she’s really short. I’m 5’10”, 
she’s 5’1”, and so if we walk … anywhere we 
walked I’d have my hand on the strap of her 

shoulder bag like she was my guide dog and … 
but we got so used to doing it, because we do 
a lot of stuff together like we hang out together 
a lot,” (Case 1, Female, aged 24, Fall). “I kept 
talking to me mum and that about it. Told her … 
I like talking to me mum about stuff and that. A 
lot of my friends kept ringing, asked how I was, 
which was nice. I knew I had like support and 
that. But I just really stayed in and just went 
down work when I had to and just tried to get 
on with it and tried to stay positive about it and 
just, you know, try to be optimistic about things.” 
(Case 13, Male, aged 19, Assault). In addition 
to the support patients received from family 
and close friends’ circle, some patients also 
acknowledged the support they received in the 
work environment. They reported the importance 
of this support in overcoming the difficulties 
they faced during the period when they had a 
stressful workload. It is well acknowledged that 
social support for the traumatised individual 
has a positive influence on an individual’s 
psychological well-being (Maercker and Hecker, 
2016; Vanaken et al, 2021). “my bosses know 
that and I’ve got some help like and the other 
chefs are helping us, filling in and just making 
sure I’m doing alright.  (Case 13, Male, aged 
19, Assault). The environment influences coping 
with the injury and clinicians should try and 
ensure it is as supportive as possible to facilitate 
patients regaining confidence and minimising 
felt stigma. “[In hospital] everything’s very safe, 
very protected both emotionally and physically. 
So, I haven’t had to face a lot of the problems 
I might have faced in the outside world. ....... 
Being a patient here is very protected, yes. It’s 
very different to being out amongst the general 
population and having to mix with people and 
different people all the time. You know, standing 
in a check-out queue with lots of other strangers 
and a stranger on the check-out and, you know, 
getting a bus and people on the bus sort of, 
‘what’s she done to her eye?’ sort of thing.” (Case 
5, Female, aged 48, Fall).
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The positive influence of time
The positive effect of time, in terms of coping, 
can be seen in the post-treatment period as it 
allows the patient to develop his coping methods 
with the injury complications. In this study, data 
shows that there is no time limit for coping 
with blow-out fractures concurring with similar 
findings in the literature (2004).  It seems that 
the coping process starts as soon as the patient 
recovers from the “shock” of injury/assault, and 
realises that he/she does not have a choice but 
to accept and deal with the new situation. Coping 
processes are then established as the patient 
develops his mechanisms to deal with the 
outcome of trauma.  “I coped as best as I could 
to be honest, it wasn’t like … I just had to deal 
with it. When it first happened, I didn’t deal with it 
too great because obviously like me face was … 
I looked like a completely different kid, me face 
was out here and it was just … like I was shocked 
when I first saw like the injury and that. But like 
I say you’ve just got to deal with it any way you 
can really.” (Case 17, Male, aged 19, Assault). 
“Obviously you can get used to it, you adjust to 
anything. If you go into a wheelchair, you can get 
used to it. You can get used to anything if....... 
I’ve generated techniques to make it better. So, 
there’s no one point where I thought right I’ve got 
to say “I’ve got to do this now to make it better.” 
(Case 15, Male, aged 24, Sport injury). “It doesn’t 
that really bother [me if I move my head while I 
am driving].  If you think about it, it probably did 
[at the beginning], but I’m so used to it now.   I 
don’t know how to say it. I mean like I said funny 
enough something minor it might go away. But 
obviously as it gradually” (Case 1, Female, aged 
24, Fall). The interviews with blow-out fracture 
patients have shown that there are different ways 
of coping with this injury and its complications. 
Although most of the coping methods are 
patient-related mechanisms, it should be noted 
that successful surgery in terms of regaining 
an acceptable level of single vision (regaining 
confidence) and elimination of enophthalmos 
(satisfaction with appearance) have a major 
influence on patient ability to cope with the injury 

and its complication.  Auerbach et al, (2008) also 
found that the extent of emotion-focused coping 
strategies was related to patients’ satisfaction 
with facial appearance. Bury, (1982) suggested 
that illness itself represents a type of disruptive 
event. Accordingly, patients with illnesses 
conceptualise their lives as two halves, before and 
after the onset of the illness. The coping process, 
on the other hand, try to bridge that break in life 
continuity. It would seem based on our data that 
orbital blow-out fractures might have a similar 
disruptive effect as illness, especially as some 
of the results of the fracture such as diplopia 
and or enophthalmos are long-lasting (chronic) 
and therefore have to be managed similarly to 
a chronic illness, as the following quote shows; 
“I shouldn’t beat myself up about it. I look at the 
positive things that I’m still here. .... just trying to 
get myself better rather than get myself hooked 
up in thinking about it all the time.” (Case 16, Male, 
aged 24, Assault). The quote above reflects an 
attempt at «Normalisation», in which the patient 
is trying to avoid the psychological «bracketing» 
of the impact of the illness (Bury 1991) and 
trying to continue with life as far as possible as 
before. The process of normalization might be 
accumulative. It develops “broaden-and-build”, 
and this is achieved when coping skills improve 
with time (Friedman, 2007). “Although, physically 
it’s [diplopia] likely not to improve, I think that my 
brain must be doing all sorts of amazing things 
that I’m unaware of to cope with it, to compensate 
for it and find ways around it. Because I’m finding 
that I’m aware of it less and less and I think 
that over time, after about a month I… didn’t 
had to have had my eye covered or I couldn’t 
see. Which sounds weird but, yeah.” (Case 1, 
Female, aged 24, Fall). Figure 1 summarises 
the study findings. Knowledge about the trauma, 
treatment, social support, and returning to work 
might contribute to regaining confidence after 
a blow-out fracture. This in turn could help the 
patients in their psychological coping strategies.

Conclusion
Coping psychologically with the consequences 
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of orbital blow-out fracture seems to be achieved 
through patients’ ability to regain their confidence. 
The passage of time after treatment plays a 
positive role in this respect.
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Abstract
Background The apical migration from the free gingival margin is the main complica-
tion in the definitive prosthetic restoration and it affects the esthetic appearance of the 
restorations. Objectives this comparative study aims to evaluate and compare the 
periodontal health between teeth treated with a horizontal finishing line for its pros-
thetic crowns and feather edge vertical finishing line with gingittage. Materials and 
Methods A total of 60 veneer restorations on 6 patients have been assessed periodon-
tally the group A include 3 patients with 10 maxillary anterior veneers prepared with a 
shoulder horizontal finishing line for each patient and the group B included 3 patients 
each patient with 10 maxillary anterior with feather edge vertical finish line with gingit-
tage, the periodontal health was assessed before preparation and after 6 months for 
follow up. Results There was a significant difference between the two approaches of 
tooth preparation relating to periodontal health as plaque index, and bleeding index, 
as the mean of PI was (23.5%) in group A while (20.1%) in group B, The BI was found 
to be (26.5%) in group A, while the mean of  BI in group B was (24.1%), and after 6 
months the mean of PI was (35.8%) in group A while (6.6%) in group B, the BI was 
found to be (42.5%) in group A, while the mean of  BI in group B was (9.1%), .but 
there was no significant difference in the mean of gingival recession in both groups as 
it was (30%) in group A and (26.6 ) in group B and after 6 month is was (33.3%)in 
group A and (26.6) in group B. Conclusion the results of the current study showed 
that the feather edge vertical preparation with gingittage was promising as it showed 
fewer signs of gingival inflammation, and more stability in the surrounding tissue of the 
prosthesis. The clinician can achieve a better esthetic outcome of the veneers and bet-
ter gingival health in a long-term prognosis. 

Keywords: Feather edge vertical finishing line; gingittage; horizon-
tal finishing line; veneers.
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Introduction
The unacceptable look of the restorations 
caused by the recession of the free gin-
gival margin is the main problem for ve-
neers and crowns (Orkin et al, 1987). This 
can finally expose the veneer-to-tooth 
contact and make the prosthetic unsuc-
cessful, especially in the anterior region. 
Gingival recession around veneers has 
been extensively evaluated, and a lot of 
etiologic factors have been mentioned, in-
cluding extremely subgingival placement 
of the veneer margin, and iatrogenic gin-
gival tissue damage during teeth prepara-
tion, marginal inaccuracy, over contouring 
horizontally, and a thin and scalloped gin-
gival biotype. The exact level of placement 
of the margin of veneers has attracted a 
lot of argument. Reitemeier et al, (2002) 
discovered increased plaque accumula-
tion around margins of veneers and hence 
poor gingival tissue health. Similar ex-
periences have been reported by others 
(Valderhaug et al, 1993). Kuwata, (1979) 
classified the finishing line of tooth prepa-
ration by the point of view of the angle of 
margin. He classified the angle margin be-
tween 0 and 30 degrees as a bevel, from 
31 to 60 degrees as a chamfer, and 61 to 
90 degrees as a shoulder. A more practi-
cal classification for sorting the geometry 
of the finishing line was later suggested 
which was broadly divided into two main 
types: vertical and horizontal (Pardo, 
1982). The variation between tooth prep-
arations horizontally and vertically is that 
in the horizontal finishing line the margin 
is placed by the operative and makes a 
well-defined geometry on the tooth mar-
gin after that replicated in the impression 
of teeth and the working cast. This may 
be the reason that makes dentists favor 
horizontal preparations. For vertical tooth 
preparations, the margin placement is cre-
ated by the laboratory technician on the 
information of gingival tissue. The main 

aim of a teeth preparation process is to 
remove diseased parts of the tooth and/or 
healthy tooth components and to reshape 
a tooth to receive a prosthetic. One of the 
most common incisal preparation designs 
is feathered-edge (Chai et al, 2018). The 
quantity of tooth structure preparation is 
related to the selected restorative mate-
rial, and the exact clinical condition allows 
adequate space to make tolerable me-
chanical strength of the final prosthesis, 
satisfactory occlusal anatomy, and good-
looking aesthetics (Goodacre et al, 2001). 
The ability to control the reduction of tooth 
structure in a precise and measurable way 
during the preparation of ceramic veneers 
is a clinical challenge (Silva et al, 2020).  
Nowadays, the dentists and the technician 
have good materials and also procedures 
that make it probable to restore esthetics 
and function in a better and more liable 
way. All-ceramic new-generation prosthe-
sis and adhesive materials allow better 
maintenance of residual hard tooth com-
ponents, especially for single components 
(Edelhoff & Brix, 2011). Lithium disilicate 
restorations with feather-edge finishing 
lines have clinical results like other margin 
designs (Schmitz et al, 2016). This study 
aims to compare the results of the gingival 
health between the teeth prepared with 
feather edge vertical finishing line and gin-
gittage with teeth prepared by the hori-
zontal finishing line. 

Patients and Methods 
A comparative study was performed to as-
sess the periodontal health of 6 patients, a 
total of 60 veneers for upper anterior teeth 
including incisors, canines, and premolars 
were selected for the study. As ethical con-
sideration informed patient consent was 
taken from all the subjects in this study. 
The patients were divided into two groups 
(30 teeth with horizontal finishing line as 
group A and 30 teeth with feather edge 
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vertical finish line and gingittage as group 
B, and the patients were sub-classified as 
subgroups A1, A2, and A3 for group A and 
B1, B2, and B3 for group B). The study was 
carried out between August 2020 to July 
2021 at Duhok educational dental center, 
and the Periodontology department at the 
college of dentistry, Duhok University. The 
GI, BI, and gingival recession were taken 
before starting the procedure. Every single 
tooth that is proposed to be prepared for 
veneer is gently probed with a periodontal 
probe at four sites (mesial, distal, buccal, 
and lingual surfaces), gingival bleeding 
is recorded as present or absent and the 
gingival plaque index is recorded as pre-
sent or absent, the number of sites where 
recorded is divided by the sites were ex-
amined and multiplied by 100 to give the 
percentage (Ainamo & Bay, 1975).

Figure (1): (a) Group A patient preop-
erative intra-oral photo, (b) group A 
Patient after horizontal finishing line 
teeth preparation, (c) Group B pa-
tient preoperative intra-oral photo (d) 
Group B patient periodontal assess-
ment of group b patient.

Figure (2): Komet 6862D/012 bur. 
Like periodontal probe, has the same 
reference marking.

Figure (3): (a) Feather edge vertical 
preparation (b) Gingittage of the gin-
gival sulcus (c) Temporary restora-
tion after 11 days (d) After removing 
the temporary to take impression.

Figure (4): (a) Follow up of the hor-
izontal finishing line patient after 6 
month, (b) Follow up of the vertical 
finishing line patient after 6.
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The gingival recession is recorded using 
miller’s classification for recession. The 
reduction of tooth structure started af-
ter the sulcus depth measurement using 
William›s periodontal probe. The prepara-
tion for group A was done with a shoulder 
line horizontal finishing line. The prepara-
tion extended 1 mm subgingivally from 
the gingival margin regardless of probing 
depth to avoid any violation of the biologic 
width as shown in figure (2). For group B 
patients the preparation was feather edge 
finishing line, the depth of preparation was 
controlled by using a specifically designed 
laser-marked bur (Komet 6862D/012) 
each bur has the same reference marks as 
a periodontal probe, where the first black 
mark begins with 1 mm from the tip and is 
readily visible throughout the entire prepa-
ration process as shown in figure (2). After 
tooth preparation, a rotary curettage of the 
gingival sulcus (gingittage) was performed 
in vertical feather edge preparation. Fine-
grit diamond bur is used to refine and 
smooth the preparation surface for feather 
edge design. The immediate temporary 
veneers were placed immediately to pre-
vent collapsing soft tissue gingival margin 
on the prepared tooth surface. The margin 
of provisional veneers placed 1 mm within 
the subgingival sulcus as shown in figure 
(3). The gingittage led to blood clot forma-
tion and enhance the healing process. for 
feather edge preparation after 10-15 days 
of tooth preparation, the final impression 
was taken using polyether impression ma-
terial after 10-15 days of tooth preparation 
as shown in figure (5), while for shoulder 
horizontal preparation the impression was 
taken immediately after tooth preparation. 
The restorative material for the final ve-
neers was lithium disilicate. The definitive 
veneer margin was assessed to be ensured 
that is placed within 1 mm subgingivally. 
The Inclusion criteria were volunteer pa-
tients with a periodontally healthy tooth, 

good general health with no systematic 
disease, and all patients were above 18 
years old. Also, patients with systematic 
diseases and those on anticoagulant ther-
apy were excluded from this study.

Table (1): Periodontal assessments 
before veneer placement in group A 
patients.

Table (2): Periodontal assessments 
before veneer placements in group B 
patients.

Table (3): periodontal assessment af-
ter 6 months of veneer placement in 
group A patients.
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Table (4): Periodontal assessment af-
ter 6 months of veneer placement in 
group B patients.

Statistical Analysis
Unpaired Student t-test was used for 
Plaque Index, bleeding index, for recession 
incidence Pearson’s chi-square was used.

Results
This study included 6 patients (divided into 
two groups each group had 1 male and 2 
female). For each patient, a total of 10 ve-
neers were placed as shown in figure (7). 
The periodontal health of each patient was 
assessed before starting the preparation 
as shown in tables (1 and 2). As shown 
in the tables there was no significant dif-
ference between the periodontal health of 
the two groups, both groups had good oral 
hygiene. The PI, BI, and recession mean of 
group A was (23.3%) (26.6%), (30%) re-
spectively and for group B was (20, 1%), 
(24, 1%), (26, 6%) respectively. After 6 
months of veneer placement, each patient 
was re-evaluated for the same periodon-
tal scores. There was a significant differ-
ence between the two approaches of tooth 
preparation relating to periodontal health 
as plaque index, and bleeding on probing 
as shown in table (3) and table (4), the 
mean of PI was (35.8%) in group A while 
(6.6%) in group B, the BI was found to be 
(42.5%) in group A, while the mean of  BI 
in group B was (9.1%), but there was no 
significant difference in the mean of gin-
gival recession in both groups as it was 
(33.3%) in group A and (26.6% ) in group 

According to the results we had the PI and 
BI of group B patients was better than 
Group A patients and this indicating the 
patient with feather edge vertical prepara-
tion have better gingival and periodontal 
stability and better esthetic appearance 
than horizontal finishing line as shown in 
figure (4).

Discussion 
The center of our study is gengittage which 
is the curettage of the gingival sulcus, this 
protocol as described by many authors is 
developed by lngaham et al, (1981) as the 
removing of the soft tissue of the sulcus 
wall simultaneously while the tooth pre-
pared by chamfer finishing line on tooth 
structure. Three factors determine the 
appropriateness of this procedure which 
is: an absence of bleeding on probing, a 
sulcus depth less than 3 mm, and an ad-
equate amount of keratinized tissue. The 
soft tissue of the gingiva is significantly af-
fected by the approach of tooth prepara-
tion and it will define the accuracy of the 
final prosthesis. The correct way for this 
procedure is important to do an adequate 
gingival and periodontal assessment to 
confirm the gap between the bone margin 
and restoration to avoid violating the peri-
odontal apparatus (Peris et al, 2019). This 
protocol will make appropriate managing 
of the subgingival part of the prosthesis. 
A lot of experimental research showed 
that the featheredge veneer preparation 
has less marginal inaccuracy compared to 
other preparation methods (Comlekoglu 
et al, 2009). Also, a bigger gap will cause 
more extrusion of cement that will inter-
act with the gingival sulcus wall. In the 
horizontal preparation design, the clinician 
faces many challenges that will lead to a 
negative outcome for the prosthesis and 
the surrounding periodontium, such as a 
large gap between the tooth finishing line 
and the prosthesis, over contouring, and 
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under contouring of the prosthetic mate-
rial. The well-defined border of the gingiva 
that is made by the healing process after 
gingittage around temporary restoration 
will make the technician make the restora-
tions 1 mm subgingivally without violation 
of the biological width, the gap between 
restoration and tooth will decrease, that 
will prevent extrusion of cement material 
or any space between them. These factors 
will make the veneers look better esthetic, 
and more stable gingiva and surrounding 
periodontium.  In our study that is pre-
sented in this paper even, it included a 
small number of cases there was a differ-
ence in the outcomes of both horizontal 
and vertical finishing lines relating to the 
periodontal health. 

Conclusion
Despite the limitations of this study for fol-
low-up and the small number of patients, 
the results of the feather edge vertical 
preparation with gingittage were promis-
ing as it showed fewer signs of periodon-
tal inflammation, and more stability in the 
surrounding tissue of the prosthesis. The 
clinician can do a better esthetic outcome 
of the veneers and better gingival health in 
the long term prognosis. We recommend 
further study with a large number of the 
cases and a longer time for follow-up re-
lating to the periodontal health around the 
prosthesis.
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Abstract
Background Irrigation has significant role in endodontic treatment, many types of 
antimicrobial irrigation solutions have been used, but due to the ineffectiveness, safety 
concerns and side effects of this irrigation, the herbal alternatives for endodontic irri-
gants might be beneficial. Objectives This study compared the in vitro effectiveness of 
tea tree oil and clove oil as possible irrigants in endodontics against Enterococcus faeca-
lis in comparison with 3% Sodium hypochlorite. Materials and Methods E. faecalis 
was isolated from patients in need for endodontic treatment; VITEK was employed for 
E. faecalis isolate conformation. Muller Hinton agar was prepared with 100µl of freshly 
prepared suspension of E.faecalis. Wells of 6mm diameter and 4mm depth were punched 
in each petri dish, the well were filled with 50 µl of: Group I: 3% sodium hypochlorite, 
Group II: 50% clove oil, Group III: 100% clove oil, Group IV: 100% tea tree oil. All petri 
dishes were incubated at 37oC for 24hr Zone of inhibition of the bacterial growth was 
calculated Results Statistical analysis of the obtained results was calculated. One way 
ANOVA was performed among four groups which showed as highly statistical difference 
with a p-value <0.01, LSD test was performed, group I & group IV is significantly was 
higher than group II, group III (p-value = 0.001), while there were no significant dif-
ferences between group I & group IV (p-value = 0.165). Conclusion Both tea tree oil 
&clove oil showed antimicrobial activity against Enterococcus faecalis, however, tea tree 
oil & Sodium hypochlorite had better antimicrobial properties than clove oil.

Key words: Antimicrobials; clove oil; E. faecalis; tea tree oil.

Introduction
Root canal irrigation plays a key role in the 
success of endodontic treatment because 
the irrigant eliminate the microorganisms 
in the root canal, facilitate removal of ne-
crotic tissue, Furthermore, irrigants help 

in prevent packing infected hard and soft 
tissue apically in the root canal and into 
the periapical area. (Kholoud et al, 2020). 
The most common irrigant used in endo-
dontic is Sodium hypochlorite. It is an ef-
fective antimicrobial agent and an excel-
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lent organic tissue solvent (Ercan et al, 
2004), however, NaOCl have numerous 
disadvantages. Tissue toxicity, unpleas-
ant taste and odor is major drawbacks of 
NaOCl (Kamath et al, 2013, Jain and Ran-
jan, 2014). Using herbal extracts such as 
Aloe Vera in endodontic have many advan-
tages (Babaji et al, 2016) ,like are safety, 
easy availability, increased shelf life, cost 
effectiveness, and lack of microbial resist-
ance so far (Pratishta and Ranjan, 2014). 
Tea tree oil has numerous advantages, it 
has antibacterial, anti-fungal. The major 
component, terpenin-4-ol is responsible 
for its antibacterial and antifungal prop-
erties. Also, it has a mild solvent effect 
(Sinha et al, 2015). Clove oil has antibac-
terial and antifungal actions. It is used as 
an antiseptic in oral infections. The high 
levels of eugenol in clove essential oil are 
responsible for its strong antimicrobial ac-
tivity (Borzini et al, 2016). The purpose of 
this study was to compare the in vitro ef-
fectiveness of tea tree oil and clove oil as 
possible irrigants in endodontics; against 
Enterococcus faecalis in comparison with 
3% Sodium hypochlorite by using agar 
well diffusion test.

Martials and Methods
Ethical committee approval
This study approved by the ethics com-
mittee University of Baghdad\Col-
lage of Science in January 14, 2021 
(Ref.:CSEC/0121/0029).  

Sampling procedure
Between April 2021 and May 2021, E. 
Faecalis bacteria sample were collected& 
isolated from 10 patients attending to en-
dodontic department in Al-Shaheed Dr. 
Waseem specialized dental center Bagh-
dad. Two sterile paper points ISO size 20 
(Dentsply) were used to collect each sam-
ple by inserting them inside the canal to full 
working length for 60 seconds then each 

paper point was transferred to plane tube 
contain 5 ml brain heart infusion broth (Li-
ofilchem-Italy); (AL-Bader and AL-Huwai-
zi, 2020; AL-Hyali, 2013). Samples were 
transport to laboratory and incubated an 
aerobically at 37°C for 24 hr. After incuba-
tion each sample was streaked on selec-
tive media-Pfizer Selective Enterococcus 
agar and incubating anaerobically at 37oC 
for 24hr. The growth of microorganism 
can be identified based on morphological 
appearance of colony by size- shape and 
color. VITEK was employed for E. faecalis 
isolate conformation; colonies were loaded 
in VITEK gram positive kite.

Antimicrobial activity
Muller Hinton agar were prepared and inoc-
ulated with 100µl of freshly prepared (0.5 
McFarland turbidity standard) suspension 
of E. Faecalis .The inoculum was spread 
on a petri dish by mean of sterilized cotton 
swap. Wells of 6 mm diameter and 4 mm 
depth were punched in each petri dish, 
the wells were filled with 50 µl of: Group 
I: 3% sodium Hypochlorite (cerkamed, 
Poland) Group II: 50% clove oil (essen-
tial oil, now), Group III: 100% clove oil 
(essential oil, now) Group IV: 100% tea 
tree oil (essential oil, now). All petri dishes 
were incubated at 37oC for 24hr (AL-Bader 
and AL-Huwaizi, 2020). Zone of inhibitions 
which is clear zone of no growth of the bac-
teria were measured across the diameter 
of each well by using a digital vernier cali-
per, no zone indicated a complete resist-
ance of bacteria to the agents (AL-Bader 
and AL-Huwaizi, 2020).

Results
ANOVA test which showed as highly sta-
tistical difference P ≤0.001 (table 1). LSD 
test was performed to compare among 
the mean difference between each paired 
groups in table (2).  Group I & group IV 
were significantly higher than group II, 
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group III, respectively (P-value =0.001), 
while there were no significant differenc-
es between group I & group IV. Also there 
were no significant differences between 
group III& group IV

Table (1): ANOVA, Mean, and SD of 
inhibition zone in millimeter of E. 
faecalis.

Table (2): LSD test.

Discussion
Infections of root canal are multi-bacte-
rial; more than 70% of the bacteria iso-
lated is anaerobic bacteria. E. faecalis had 
commonly been isolated from root canals 
of failed endodontic treatment cases (Ku-
maran et al, 2020). Sodium Hypochlorite is 
the most widely used irrigation solution in 
endodontic. It is ideal compared with other 
irrigation solutions .it has a broad antibac-
terial spectrum and is sporicidal and viri-
cidal (Topbas et al, 2017). The results of 
the present study revealed that; 3% So-
dium Hypochlorite performed better than 
all the test groups followed by tea tree oil 
extract, but there was no significant differ-
ence between 3% Sodium Hypochlorite & 
tea tree oil, this finding presents a great 
promise to use tea tree oil as an alterna-
tive to chemical irrigation. The results of 
this study showed that tea tree oil have 
strong antimicrobial potential against E. 
Faecalis (inhibition zone ≥ 20 mm) as stat-
ed by Rusenova and Parvanov, 2009. This 
result is in agreement with several studies, 
such as (Kamath et al, 2013; Sinha et al, 
2015). Tea tree oil is the volatile essential 
oil derived mainly from the Australian na-
tive plant, Melaleuca alternifolia. (Thosar 
et al, 2014). The antibacterial activity of 
tea tree oil may be due to its active com-
ponent terpinen-4-ol, and /or other con-
stituents like alpha terpinene, (Lee et al, 
2013) Mechanisms of action of tea tree oil 
is also attributed to its hydrocarbon struc-
ture and inherent lipophilicity (Mickienė et 
al, 2011). It is assumed tea tree oil can 
cause inhibition of respiration of bacterial 
cell, loss of intracellular material and /or 
loss of membrane integrity and function 
(Lee et al, 2013). Furthermore ,this study 
revealed that, there was no significant dif-
ference between clove oil 50% vs. clove oil 
100%, furthermore, there was highly sig-
nificant difference between clove oil 50%, 
clove oil 100% vs 3% Sodium Hypochlo-
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rite &tea tree oil. Clove oil has antibacte-
rial and antifungal actions (Kouidhi et al, 
2010), (Thosar et al, 2014). Its strong an-
timicrobial activity due to the presence of 
several constituents, mainly phenyl-propa-
noides such as carvacrol, thymol, eugenol 
and cinnamaldehyde (Chaieb et al, 2007). 
The high levels of eugenol &phenolic com-
pound being able to denature protein and 
react with cell membranes’ phospholipids 
changing their permeability and inhibiting 
Gram-negative and Gram-positive bacte-
ria (Chaieb et al, 2007).In this study were 
investigated the antibacterial of these ir-
rigants in vitro. Further ex vivo studies are 
required to investigate the antibacterial ef-
fect on biofilm.

Conclusion
Within the limitation of this study:
1.Both tea tree oil & clove oil showed an-
timicrobial activity against Enterococcus 
faecalis. In vitro observations of these ir-
rigants appears promising as intra canal 
irrigation, however, further clinical studies 
are required to investigate biocompatibil-
ity and safety. 
2.Sodium hypochlorite and tea tree oil had 
better antimicrobial properties than clove 
oil.
3.Clove oil, both at 50% & 100% con-
centrations showed antimicrobial activity 
against Enterococcus faecalis.                                                                                       

Reference
AL-Bader R and AL-Huwaizi H.2020.Anti-
microbial Evaluation for novel solution of 
Iron Oxide Nanoparticles Functionalized 
with Glycin and coated by Chitosan Root 
Canal Final Irrigation. Sys.Rev Pharm; 
11(6):633-642.

AL-Hyali N .2013.Inhibition of Bacterial 
Growth around Gutta Percha Cones by Dif-
ferent Antimicrobial Solutions Using An-
tibiotic Sensitivity test (An in vitro study) 

.JBCD ;( 25):26-32.

Babaji P, Jagtap K, Lau H, Bansal N, Tha-
juraj S, Sondhi P. 2016 Comparative eval-
uation of antimicrobial effect of herbal 
root canal irrigants (Morinda citrifolia, 
Azadirachta indica, Aloe vera) with sodium 
hypochlorite: An in vitro study. J Int Soc 
Prevent Communit Dent; 6:196-9.

Borzini L, Condò R, De Dominicis P, Casaglia 
A and Cerroni L.(2016).Root Canal Irriga-
tion: Chemical Agents and Plant Extracts 
Against Enterococcus faecalis. The Open 
Dentistry Journal; 10, 692-703 .https://
doi: 10.2174/1874210601610010692

Chaieb K, Hajlaoui H, Zmantar T, Kahla-
Nakbi AB, Rouabhia M, Mahdouani K, 
Bakhrouf A. (2007). The chemical compo-
sition and biological activity of clove es-
sential oil, Eugenia caryophyllata (Syzi-
gium aromaticum L. Myrtaceae): a short 
review. Phytother Res; 21(6):501-6.

Ercan E, Ozekinci T, Atakul F, Gül K. (2004). 
Antibacterial activity of 2 % chlorhexidine 
and 5.25 % sodium hypochlorite in infect-
ed root canal: in vivo study. J Endod; 30: 
84-7.

Jain P, Ranjan M. (2014). Role of herbs in 
root canal irrigation-A review .Journal of 
Pharmacy and Biological Sciences; 9, 2: 
06-10. 

Kamath U, Sheth H, Ramesh S, Singla K 
(2013). Comparison of the antibacterial ef-
ficacy of tea tree oil with 3% sodium hy-
pochlorite and 2% Chlorhexidine against 
E.faecalis: An in vitro study. Journal of 
Contemporary Dentistry; 3(3): 117-120. 

Kholoud M. Esmail , Wael H. Kamel, Mohs-
en Nour El-dein,Mohamed M. El Sherif 
(2020). Comparative Evaluation of Natu-



43

Volume 9, Issue 1, 2022Inas H. Kareem, Dimah N. Faraj, & Maryam K. Mohammed

ral Herbal Extracts as Root Canal Irriga-
tion versus Routine Chemical Root Canal 
Irrigation AL-AZHAR Dental Journal For G i 
rls; 7, (1): 125:134.

Kouidhi B, Zmantar T, Bakhrouf A. (2010). 
Anticariogenic and cytotoxic activity of 
clove essential oil (Eugenia caryophylla-
ta) against a large number of oral patho-
gens. Ann Microbiol; 60:599–604 .https://
doi:10.1007/s13213-010-0092-6

Kumaran G, Antony S, Muralidharan N 
.(2020).Comparison of antimicrobial ac-
tivity of tea tree oil extract and hydrogen 
peroxide with 3% sodium hypochlorite 
against Enterococcus faecalis, Candida al-
bicans – An in vitro study. Drug Invention 
Today; 13, 5.

Lee C-J, Chen L-W, Chen L-G, Chang T-L, 
Huang C-W, Huang M-C. (2013).Correla-
tions of the components of tea tree oil with 
its antibacterial effects and skin irritation. 
J of food and drug Ana; 21:169-76.

Mickienė R, Bakutis B, Baliukonienė V. 
(2011).Antimicrobial activity of two es-
sential oils. Ann Agric Environ Med; 18: 
139–144.

Pratishta J, Ranjan M. (2014). Role of herbs 
in root canal irrigation A review. IOSR J 
Pharm Biol Sci; 9: 6 10.

Rusenova N, Parvanov P. (2009) Antimi-
crobial Activities of Twelve Essential Oils 
against Microorganisms of Veterinary 
Importance. Trakia Journal of Sciences; 
7(1):37-43.

Sinha DJ, Vasudeva A, Jaiswal N, Garg P, 
Tyagi SP, Singh J. Antibacterial efficacy of 
Melaleuca alternifolia (Tea tree oil), Cur-
cuma longa (Turmeric), 2% chlorhexidine, 
and 5% sodium hypochlorite against En-

terococcus faecalis: An in vitro study. 
Saudi Endod J 2015; 5:182-6. https:// 
doi:10.4103/1658-5984.163623

Thosar N, Basak S, Bahadure RN, Ra-
jurkar M. Antimicrobial efficacy of five es-
sential oils against oral pathogens: An in 
vitro study. Eur J Dent. 2013 Sep;7(Suppl 
1):S071-S077. https:/doi: 10.4103/1305-
7456.119078.

Topbas C, Adiguzel O. (2017) Endodontic 
Irrigation Solutions: A Review. Int Dent 
Res; 7, 3:54-61. https://doi.org/10.5577/
intdentres.2017.vol7.no3.2
 



44

Volume 9, Issue 1, 2022Fatima Kadhim Ghadeer, Maha Kareem Jabbar & Najwah Yousuf  Hameed

Hypochlorous Acid: Effects on Two Surface Properties 
of Denture Materials

1Fatima Kadhim Ghadeer, MSc, 2Maha Kareem Jabbar MSc, and 3Najwah You-
suf  Hameed, MSc
1,2,3Department of Prosthetic Dental Techniques, College of Health and Medical 
Techniques, Middle Technical University Baghdad, Iraq.
Corresponding author: Fatima Kadhim Ghadeer
E-mail address: kadhimfatima1@gmail.com
 

Received May 6, 2022.
Accepted for publication on June 09, 2022.
Published June 30, 2022.

Abstract  
Background The chemical disinfectant is the most widely used method by the patients 
to maintain clean and healthy dentures, but the use of such disinfectant may affect the 
denture base materials. Objectives To assess the effect of hypochlorous acid spray 
disinfectant on the surface roughness and hardness of heat-cured and flexible acrylic 
resin denture base materials. Materials and Methods A study sample of forty speci-
mens was fabricated following the ADA specification No.12, 1999. They were divided 
into two main groups depending on the type of the denture base materials used in 
this study (heat-cured PMMA and flexible resin) (20 specimens each). Then these two 
main groups were subdivided into two subgroups according to the type of measure-
ment (roughness and hardness). All specimens were tested before and after disinfec-
tion. Each subgroup was evaluated before and after the application of hypochlorous 
acid spray as a disinfectant agent. Study data were analysed using the student T-test 
at a confidence level of 95% and a significant p-value of p≤0.05. Results The T-test 
indicated a highly significant difference in the hardness of heat-cured and flexible den-
ture base materials after disinfection by hypochlorous acid (p≤0.05). However, there 
was no significant difference in the roughness of heat-cured and flexible denture base 
material after disinfection by hypochlorous acid (p>0.05). Conclusion The hardness 
of heat-cured and flexible resin denture base material decreased by hypochlorous acid 
disinfectant, while the roughness was not affected by hypochlorous acid disinfectant.

Keywords: Disinfectant materials;  denture base materials; 
hypochlorous acid; hardness test; roughness test. 
Introduction
There are various, different kinds of re-
movable partial dentures, but they all use 
normal denture teeth to replace missing 
natural teeth. The materials used to hold 
the artificial teeth and maintain the re-

movable dental prosthesis in the mouth 
are the main differences between them 
(Wöstmann et al, 2005). Long-lasting and 
biologically acceptable dentures could 
be achieved by the use of a favourable 
denture base material (Khindria et al, 
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2009). Although polymethylmethacrylate 
(PMMA) acrylic resin is one of the most 
commonly used denture materials, it has 
poor mechanical qualities such as fracture 
resistance, transverse strength, impact 
strength, or fatigue resistance, in addition 
to being allergic to monomer (Katsumata 
et al, 2009). In the fabrication of remov-
able dentures, polyamide thermoplastic 
resins and butadiene styrene graft PMMA 
copolymer resins are more widely used 
than PMMA based acrylic resins (de Freitas 
Fernandes et al, 2011; Takabayashi, 2010; 
Moussa et al, 2016). Nylon is a general 
term for a variety of thermoplastic poly-
mers that belong to the polyamide fam-
ily. Nylon polyamides were first used to 
make denture bases in the 1950s and are 
now widely used as a substitute for meth-
ylmethacrylate because of their improved 
aesthetic features, and heat and chemi-
cal resistance. In addition to toxicological 
safety for patients allergic to methacrylate 
monomer and metal-reinforced acrylic res-
in dentures. Furthermore, increased elas-
ticity gives better comfort to patients with 
soft and hard tissue undercuts than PMMA 
dentures (Takahashi et al, 2012; Durkan 
et al, 2013). Although nylon resins out-
perform other nonmetallic denture bases 
in terms of mechanical qualities, there are 
major disadvantages such as processing 
difficulties, dimensional changes, staining, 
and high water absorption (Parvizi et al, 
2004; Phoenix et al, 2004). In terms of 
surface roughness, the surface imperfec-
tions on denture base materials may serve 
as a source of infection and increase the 
chance of housing germs even after the 
cleaning of dentures. Rough surfaces facil-
itate bacterial and fungal cell penetration 
into denture base resins (Köroğlu et al, 
2016). Before placing a dental prosthesis 
in the mouth, it is necessary to determine 
the surface roughness of the materials ap-
plied. Rougher surfaces can induce stain-

ing of the denture, causing discomfort for 
patients and promoting germ growth and 
biofilms. Bacteria and fungi have a high-
er tendency to adhere to rougher denture 
base materials (Abuzar et al, 2010). The 
hardness test is a test method for material 
characteristics that is used in engineering 
design, structural analysis, and the devel-
opment of new materials. The most widely 
used methods for measuring hardness are 
Vickers, Knoop, Brinell, Shore, and Rock-
well. Hardness is an essential characteristic 
that allows acrylic materials to withstand 
high forces, such as occlusal forces. This 
characteristic gives scratch and abrasion 
resistance and is related to the material ar-
rangement, chemistry, and polymerization 
mechanism (Ayaz et al, 2015)The dentists 
and dental staff encounter several types of 
disease-causing microbes. Using success-
ful decontamination methods in the dental 
office and laboratory can prevent cross-
contamination for, dental practitioners, 
staff, professionals, and patients (Shihab, 
2017; Inayati et al, 2021). In addition to 
having good antibacterial and antifungal 
qualities, an ideal disinfection solution 
should not have any detrimental effects on 
the mechanical properties of the denture 
base material such as surface roughness 
and hardness (Jeyapalan et al, 2015; Por-
wal et al, 2017; Golfeshan et al, 2020). 
Furthermore, it must be safe, non-corro-
sive, effective in a variety of forms, and 
reasonably priced (Salman and Saleem, 
2011; Block and Rowan, 2020). Recently, 
hypochlorous acid (HOCl) has received a lot 
of attention due to its oxidation-reduction 
potential (ORP), PH, and residual chlorine 
because of its superior bactericidal and 
virucidal actions and fewer harmful effects 
on biological tissues and the environment 
(Fabrizio et al, 2002; Kim et al, 2000). 
Since hypochlorous acid has inspired a lot 
of interest in dentistry, it›s been suggest-
ed that it could be used to disinfect acrylic 
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prosthetics (Jnanadev et al, 2011). The US 
Environmental Protection Agency recently 
recommended numerous disinfectants in-
cluding hypochlorous acid (HOCl) to pre-
vent COVID-19 (Nguyen et al, 2021). This 
study was undertaken to assess the effect 
of hypochlorous acid spray disinfectant on 
surface roughness and hardness of two 
denture base materials.

Material and Methods
The rectangular shape of the plastic pat-
tern was made by cutting a flexible nylon 
sheet by disc into the appropriate shape 
and dimensions (65×10×3mm) length, 
width, and thickness respectively follow-
ing the ADA specification No.12, 1999 
(MSaied, 2011; Alwaeli and Alsegar, 2021). 
A total of 40 specimens were fabricated 20 
of heat-cured acrylic resin (Spofa dental, 
Czech Republic) and another 20 specimens 
of thermoplastic flexible resin. Then each 
group was subdivided into two subgroups 
according to the test method. The conven-
tional moulding technique was followed 
to fabricate the heat-cured acrylic speci-
mens. The mixing of powder/liquid ratio 
of (22g/10ml) heat-cured according to the 
manufacturer guidelines. The curing water 
bath was used at 74°C for 90min. Then the 
temperature was increased to 100°C for 
30min. Once processed, the flask was left 
to cool at room temperature for 30 min, af-
ter that, cooled under tap water for 15min 
before deflasking. The flask was open and 
the specimens were removed from the 
stone mould. All the specimens were fin-
ished and polished. After completing the 
finishing and polishing of the specimens, 
all the specimens were kept in distilled wa-
ter at 37°C for 48 h before the testing. A 
total of 20 specimens were prepared in this 
manner. While the flexible resin specimens 
were prepared using injection moulding 
technology. Four rectangular plastic de-
signs were placed in an injection moulding 

flask and sprued with modelling wax in 
such a way that the pattern was attached 
to the sprues (6-8mm in diameter for the 
major sprues, 2-4mm in diameter for the 
minor sprues) and fixed to specific regions 
so that each mould space could be filled 
with polyamide denture base material  
(Rizgar, 2009). Then the upper part of the 
metal flask is placed over the lower part 
and filled with stone. Once the stone was 
set, the flask was opened and the plastic 
patterns were removed to get the mould 
space. The flask was screwed into its spe-
cially designed clamp and positioned on 
the bench press. The polyimide cartridge 
(Valplast cartridge, Lichen Dental, China) 
was placed in the cylindrical sleeve and 
heated according to the manufacturer›s 
instructions (280°C-290°C), and the 
heating cylinder was ready for injection. 
The material was injected into the flask 
using an injection device, and the grip 
of the injection device was pressed at a 
pressure of 5 bar Figure (1). The pressure 
was released after 5min and the flask was 
ejected from the injection unit device to 
allow it to cool at room temperature. Af-
ter that, the flask was opened Figure (2). 
After completing the finishing and polish-
ing of the specimens, all the specimens 
were kept in distilled water at 37°C for 
48h before the testing procedure (Jyothi 
et al, 2012). Each denture base material 
has been divided into two groups accord-
ing to the testing method before and after 
application of disinfectant spray, for the 
PMMA, Group A: (n=10) including PMMA 
specimens for roughness test; and Group 
B: (n=10) including PMMA specimens for 
the hardness test. On the other hand, 
the flexible resin groups include Group C: 
(n=10) including flexible resin specimens 
for the roughness test, and Group D: 
(n=10) including flexible resin specimens 
for the hardness test.
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Application of disinfection spray 
The hypochlorous acid spray (Movity, Tur-
key) was applied to the specimens with 
10 puffs for 10sec for each specimen at 
a distance of 30cm away from the sur-
face of the specimen (Block and Rowan, 
2020). The specimen was kept for 10min 
then rinsed and wiped to be ready for the 
mechanical testing procedure (Park et al, 
2007).For the surface roughness test, the 
specimens of the groups (A and C) were 
subjected to a roughness test before and 
after disinfection using a profilometer de-
vice (surface roughness tester TR220 Port-
able TIME Group Inc, China) Figure (3). 
The specimen is placed horizontally and 
fixed on a uniform platform according to 
the apparatus instructions, the sharp sty-
lus of this apparatus was moved across 
the surface of the specimen and measured 
all imperfections with the needle, which 
identifies the surface. For more accuracy, 
three measurements were done for each 
specimen before and after disinfection 
and a mean is calculated, and microme-
tres were used to express the results. For 
the surface hardness test, the specimens 
of the group (B and D) were subjected to 
a hardness test using Shore D hardness 
tester (durometer hardness tester-TH 210, 
time group Inc. Italy) Figure (4) which is 
it is appropriate for resin materials. This 
equipment is made up of a blunt-pointed 
indenter with a diameter of 0.8mm that 
tapers to a 1.6 mm diameter cylinder. The 
indenter is connected to a digital scale 
with a 0-100 unit graduation. The digital 
scale reading was used to take measure-
ments. Each specimen was indented three 
times before and after disinfection, and 
the mean was taken. 

Figure (1): The injection pro-
cedure.

Figure (2): The flask after in-
jection.

Figure (3): Profilometer de-
vice.
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Statistical methods 
Surface hardness and roughness results 
were analyzed. The t-test and descrip-
tive statistics were applied to calculate the 
mean, standard deviation, maximum, and 
minimum values.

Results
Roughness test for heat cure acrylic 
resin and flexible acrylic resin denture 
base materials
Table (1) showed the independent T-test 
which confirmed that there are non-signif-
icant differences in the roughness of both 
heat-cured and flexible denture base ma-
terials before and after the application of 
disinfection spray (P>0.05). The results 
indicated that the highest mean value of 
roughness of both heat-cured acrylic res-
in and flexible acrylic resin was obtained 
before disinfection while the lowest mean 
value was obtained after the application of 
disinfection spray as in Figure (5). 

 

Hardness test for heat cure acrylic 
resin and flexible acrylic resin denture 
base materials
Table (2) showed the independent T-test 
which confirmed that there are highly 
significant differences in the hardness of 
both heat-cured and flexible dentures be-
fore and after the application of disinfec-
tion spray (P<0.01). The results indicated 
that the highest mean value of hardness 
of both heat cure acrylic resin and flexible 
acrylic resin was obtained before disinfec-
tion while the lowest mean value was ob-
tained after the application of disinfection 
spray as in Figure (6).

Figure (4): Shore D hardness 
tester.

Figure (5): Bar-chart for the surface 
roughness of heat-cured acrylic and 
flexible resin before and after disin-
fection.

Table (1): The independent T-test for 
the surface roughness of two denture 
base materials before and after disin-
fection

Figure (6): Bar-chart for the surface 
hardness of heat-cured acrylic  and 
flexible resin before and after disin-
fection.
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Discussion
During adjustment, repair, or relining pro-
cedures, direct contact with the dentures 
can expose the practitioners and techni-
cians to infection. Bacteria, viruses, and 
fungus may be detected on these dentures 
(Inayati et al, 2021). Denture disinfec-
tion has been advocated as a necessary 
practice for reducing cross-contamination 
and keeping good health. Several agents, 
classified as mechanical and chemical, are 
recommended for denture disinfection. 
The ideal disinfection treatment should be 
effective with no negative effect on the 
quality of the materials used in denture 
bases (Porwal et al, 2017). Hypochlorous 
acid (HOCL) as the disinfectant spray has 
an excellent ability to kill some germs and 
viruses with fewer undesirable effects on 
biological tissues and the environment due 
to its oxidation-reduction potential (ORP), 
pH and residual chlorine. Because of its de-
sirable properties, the HOCL can be used 
to disinfect the denture bases. Its use has 
been studied in medical, dental, animal 
husbandry, horticulture, restaurants, and 
other settings where microbial growth is 
known to cause health risks (Jnanadev et 
al, 2011). In this study, two denture base 
materials of heat-cured and flexible acrylic 
resins were investigated concerning their 
roughness and hardness before and af-
ter disinfection with HOCL. In the present 
study, the application of HOCL disinfect-

ing spray on the surface of heat-cured and 
flexible acrylic resin specimens showed 
a non-significant increase in the surface 
roughness. This result may be in agree-
ment with other studies, which indicated 
non-significant changes in the roughness 
of the denture resin materials after using 
some disinfection agents (Salman and Sal-
eem, 2011, Jeyapalan et al, 2015). This 
means the absence of the effect of disin-
fectant on the surface geometry of the two 
denture materials which may be related 
to the strong surface character of heat-
cured and flexible denture base materials 
due to their crosslinking structure (Durkan 
et al, 2013). On the other hand, the sur-
face hardness of the heat-cured and flex-
ible acrylic resins after the application of 
HOCL spray showed a highly significant 
decrease in surface hardness. This find-
ing is consistent with some prior studies, 
which found that using different disinfect-
ant materials could decrease the hardness 
of different denture base materials (Jyothi 
et al, 2012; Durkan et al, 2013; Alwaeli 
and Alsegar, 2021). This reduction in the 
surface hardness of the specimens of heat-
cured and flexible denture base material 
after disinfection by HOCL spray may be 
related to the acidity of HOCL which may 
be responsible for the greater softening of 
acrylic resin. Acid solutions weaken poly-
mer molecule bonds, which makes them 
softer and more easily degraded (Golfe-
shan et al, 2020). Another explanation of 
the results is that disinfection may serve 
as a plasticizer, allowing for the relaxing of 
stresses created during processing and, as 
a result, a reduction in surface hardness 
occurs (Moussa et al, 2016).

Conclusion
Within the present study limitations, the 
application of hypochlorous acid disinfect-
ant spray did not affect the surface rough-
ness of the heat-cured and flexible resin 

Table (2): The independent T-test for 
the surface hardness of two denture 
base materials before and after disin-
fection.
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denture base materials. It otherwise might 
decrease the surface hardness of such 
denture base materials.
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