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Abstract 
Background: Diabetes increases periodontal disease risk and its complications, 
which are worsened with age or faulty restorations. Aim: Evaluate periodontal 
health among patients with diabetes treated with different dental restorations. 
Materials and Methods: This comparative cross-sectional study was conducted 
at the faculty of dentistry, Najran University, KSA, from March 2018 to Feb-
ruary 2020. It included 260 diabetics, treated with different dental restorations, 
divided into four groups, each comprising 65 patients aged 45 - 60 years: 
Group 1 (G1), no restorations (control group); Group 2 (G2), Class II amal-
gam restorations; Group 3 (G3), Class II composite resin restorations; and 
Group 4 (G4), three-unit posterior metal ceramic prostheses. The Ages of all 
restorations ranged from 8 to 10 years. All groups were assessed for the Pla-
que Index (PI) and Gingival Index (GI), Overhangs Rate (OR), Alveolar Bone 
Loss (ABL) (the latter two using panoramic X-ray). HbA1c and duration of 
participants were also assessed and compared. Results: The mean HbA1c re-
sults of the groups ranged from 8.1% to 9.5%, and their mean diabetes dura-
tions ranged from 7.2 to 12 years. All the groups showed worse periodontal 
scores, ranging from 2.45 - 2.95 for PI and 2.25 - 2.8 for GI. G2 had higher 
scores than G1 and G3 (p < 0.001). G4 had the highest two recorded scores (p 
< 0.001). G2 had a higher rate of overhangs than G3 (p < 0.037). The mean 
ABL was 44% (SD 6.4) for G1, 56.0% (SD 6.7) for G2, 46.5% (SD 5.8) for G3, 
and 74.5% (SD 6.4) for G4. The lowest values were recorded in G1 and G3 (p 
= 0.987). The highest value was observed in G4, which was significantly high-
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er than other groups (p < 0.001). Conclusion: The worse periodontal para-
meters among subjects treated with either three-unit metal ceramic or Class 
II amalgam restorations indicated severe periodontal destruction. Untreated 
subjects and subjects treated with Class II composite resin had relatively bet-
ter periodontal status. 
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1. Introduction 

Diabetes mellitus, which is typically referred to as diabetes, is a progressive me-
tabolic condition associated with abnormally high concentrations of blood glu-
cose, also known as hyperglycemia [1]. It is a chronic non-communicable dis-
ease that affects the way the human body metabolizes glucose. Type 2 diabetes 
was formerly referred to as non-insulin-dependent diabetes or adult diabetes [2]. 
Globally, the prevalence of diabetes has risen rapidly, particularly in developing 
countries [3]. In fact, poorly controlled type 2 diabetes can result in serious 
damage to various human organs, such as the heart, kidneys, eyes, and oral tis-
sues [4]. This disease also increases the risk of periodontal disease and its com-
plications by approximately 3 to 4 times [5]. Furthermore, the severity of peri-
odontal complications is significantly dictated by maintaining normal glucose 
levels. Likewise, periodontal disease can have a serious influence on the meta-
bolic control of diabetes [6]. Although the two chronic diseases are linked by an 
established bidirectional relationship [7], the detailed mechanism by which they 
negatively affect each other remains ambiguous. However, researchers have 
speculated that hyperglycemia results in the development and accumulation of 
advanced glycation end-products [8] [9]. These end products interact with their 
receptors (RAGEs) in the periodontal complication site, thus inducing proin-
flammatory cytokines that promote periodontal inflammation and degradation 
of alveolar bone [10]. 

Periodontal illness is a plaque-induced chronic inflammatory condition af-
fecting tooth tissues and their surroundings due to bacterial accumulations [11]. 
It involves a wide variety of inflammatory disorders that have an effect on the 
structures that support the teeth, such as gingiva, bone, and periodontal liga-
ments [12]. Poor oral hygiene is a very well-known etiological factor for peri-
odontal disease [13]. The lack of appropriate and adequate tooth brushing and 
other essential oral hygiene measures can result in poor oral hygiene status. This 
condition promotes the accumulation of harmful bacteria and the buildup of 
pathogenic dental plaque biofilm on the hard and soft tissues of the oral cavity 
[14]. The repercussion of such a condition is linked to a stage of inflammatory 
alteration in the oral tissues. Such periodontal alteration is quantified or diag-
nosed by examining the patient’s basic clinical oral signs and assessing certain 
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periodontal indices. Periodontal indices, such as Plaque Index (PI) and Gingival 
Index (GI), are dental expressions of clinical observation, usually presented in 
numerical values that describe the incidence, prevalence, or severity status of a 
periodontal condition [15]. They are among the most important periodontal pa-
rameters used in determining periodontal diseases. 

Alveolar bone loss is the resorption or recession of bone that surrounds and 
supports the teeth [16]. Alveolar bone loss is a common and widespread disease, 
affecting 90% of the global population [17]. It is most commonly caused by not 
replacing lost teeth, especially multiple teeth [18]. Chronic periodontitis, and its 
associated periodontal complications, such as a high level of dental plaque and 
severe gingival inflammation, is another common cause of alveolar bone loss 
[19]. In such cases, bacteria gradually attack the periodontal ligaments that con-
nect the tooth to the alveolar bone, causing the destruction of these ligaments 
and subsequent alveolar bone loss [20]. 

Dental restorations play a major role in the preservation of periodontal health 
[21]. The long-term performance and high success rate of Class II restorative 
treatments are significantly influenced by healthy gingiva and its surrounding 
structures. For example, the anatomical location of Class II restorations and the 
nature of the restorative material render Class II restorations either difficult to 
maintain and/or clean. Class II cavity preparation encompasses the removal of a 
significant portion of the decayed occlusal surface as well as a portion of the 
proximal surface. Thus, after restoration is placed, the patient might find it dif-
ficult to keep the restoration surface and interface between the restoration and 
the cavity margin hygienic and free of plaque, especially in the interproximal 
area. Such an unhygienic proximal area is a suitable site for further bacterial 
growth and its resultant inflammation progression. Moreover, the restoration’s 
overhang encourages further plaque formation among Class II restorations. 

Overhang is known as the extension of a dental restoration beyond the con-
fines of a prepared cavity [22]. The overhang presents an obstacle for proper oral 
hygiene, because it minimizes necessary access to interproximal cleaning devices 
and can cause severe inflammation of adjacent soft tissues. A prior study re-
ported that an overhanging dental restoration is a significant etiological factor 
responsible for promoting plaque accumulation, thus increasing periodontal 
disease development and the risk of secondary caries [23]. Nevertheless, it should 
be made clear that the dimensions of the overhang are indispensable in this re-
gard, as an overhanging margin ≤ 0.2 mm should be harmless to periodontal 
health [23] [24] [25]. 

In fact, the relationship between periodontal health and dental restorations 
has been investigated considerably for decades. Many research investigations 
and reviews have shown that among patients treated with different dental resto-
rations, especially faulty restorations, worse periodontal parameters, resulting 
from chronic periodontitis, are common findings [26]-[31]. In fact, the effect is 
even worse when periodontal disease occurs alongside other chronic diseases, 
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such as diabetes mellitus. It is well established that poor glycemic control is as-
sociated with diabetes-related dental conditions, such as an increased incidence 
of periodontitis, periodontal attachment loss, alveolar bone loss, tooth loosening, 
and, consequently, tooth loss [32] [33] [34]. 

In our rigorous review of the literature, we were unable to locate any study 
appraising the impact of different dental restorative treatments on the periodontal 
health of patients with type 2 diabetes mellitus. Hence, in the current study, we 
aimed primarily at determining the amount of alveolar bone loss among patients 
with type 2 diabetes treated with different dental restorations. We also assessed 
the oral health indices, PI, and GI of these patients. Furthermore, we evaluated 
and compared the prevalence of Class II overhanging restorations among sub-
jects treated with Class II amalgam and composite resin restorations. 

2. Materials and Methods 

This research project was approved by the Research and Ethics Committee of the 
Faculty of Dentistry, Najran University, Kingdom of Saudi Arabia (research 
project approval No. 001/18, January 1, 2018). In the current study, clinical ex-
aminations and/or evaluations that involved humans were conducted in accor-
dance with the ethical standards of the institutional and/or national research 
committee, and the Helsinki Declaration, as amended by the 64th WMA General 
Assembly, Fortaleza, Brazil, October 2013, and its later amendments or compa-
rable ethical standards. In addition, before commencing the research, we ob-
tained signed consent forms from all examined patients who participated in the 
current study. 

2.1. Sample Size and Sampling 

To calculate the sample size, we adopted the formula proposed by Crano and 
Brewer [35] for calculating sample size in medical research, as follows: 

* *n Nn N n= +  

where n is the required sample size, N is the population size (total number of 
participants, 844), and n* is the first estimated sample. The first estimated sam-
ple (n*) was determined using the following formula:  

n* = P (1 − P)/(SE)2, 

where P is the estimated proportion of participants, which was assumed as 0.5 
for obtaining the maximum sample size, and SE is the standard error, assumed 
as 0.05. Therefore, the first estimated sample is n* = 100; consequently, the sam-
ple size (n) is 89.4. It should be noted that any further increment in the popula-
tion size would have limited effect on the results [35]. 

2.2. Inclusion and Exclusion Criteria 

The inclusion and exclusion criteria for the selection of the participants adopted 
in the current study were as follows: 
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Inclusion Criteria 
The inclusion criteria included: 1) Medically diagnosed type 2 diabetes melli-

tus ≥ 2 years; 2) 45 - 60 years of age; 3) HbA1c levels ≥ 6.5%; 4) A minimum of 
15 teeth remaining; and 5) Class II amalgam restorations, Class II composite re-
sin restorations, posterior metal ceramic restorations; age 8 - 10 years. 
Exclusion Criteria 

The exclusion criteria included: 1) Self-reported medical chronic conditions, 
such as HIV, cardiovascular complications, hepatic disorder, renal disorders, or ep-
ilepsy; 2) A history of previous antibiotic use or steroid therapy for the past three 
weeks; 3) Immunosuppressive chemotherapy; 4) Periodontal treatment for the past 
six months; 5) Edentulous patients; and 6) Crowding teeth or occlusal trauma. 

Study Population 
In this observational comparative cross-sectional study, we selected 260 patients 
with type 2 diabetes patients among a sample of 844 patients with diabetes who 
presented to the specialized dental clinics of the Faculty of Dentistry, Najran 
University, Kingdom of Saudi Arabia. Patients were divided into four groups 
according to their restorative treatment types. Each group comprised 65 pa-
tients, aged 45 - 60 years: Group 1 (G1) had no restorative treatment (control 
group), Group 2 (G2) had Class II amalgam restorations, Group 3 (G3) had Class 
II composite resin restorations, and Group 4 (G4) had three-unit posterior metal 
ceramic prostheses. Because all participants were divided based on the type of 
restoration, we excluded participants with more than one type of restoration. 
The service life of all restorations ranged from 8 to 10 years; we calculated the 
mean ages of restorations for all groups. It should be noted that female subjects 
were not included in the current study, because the dentistry program of the 
current educational institution (University of Najran) is specified for male stu-
dents only. Therefore, this study sample included men only. 

2.3. Clinical Examinations 

All participants underwent clinical oral examination, including the status of pe-
riodontal tissues. Because this was an observational comparative cross-sectional 
study, the clinical examination of subjects was conducted using their current 
dental status. Moreover, no dental treatment was provided to the subjects before 
the clinical examination. The clinical screening examination included evaluating 
the state of periodontal tissues by assessing the amount of dental plaque, PI, and 
gingival condition and qualitative alterations of the gingiva and GI using the two 
scoring systems proposed by: 1) Silness and Löe [36] for PI; and 2) Löe and Sil-
ness [37] for GI. For the evaluation of PI, four sides per tooth (buccal, lingual, 
mesial, and distal) were examined for each participant (except for the third mo-
lars), using William’s periodontal probe. For the assessment of GI, certain teeth 
were chosen for this purpose: 16, 12, 24, 32, 36, and 44. 

Two periodontal investigators collected the periodontal parameters, PI, and 
GI. Values obtained were compared, and the overall kappa score for intraexa-
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miner reliability was calculated. 

2.4. Radiographic Procedure 

Panoramic X-ray radiography was used to measure alveolar bone loss and locate 
sites of overhanging restorations. The panoramic X-ray unit (Planmeca Promax, 
Dent-R100, RPX253665, Helsinki, Finland) was used to produce the necessary 
images. The desired resolution of each radiographic procedure was selected, fol-
lowed by adjusting the height of the X-ray based on patient height. The patient’s 
chin was placed in a chin cup, and the occlusal plane was set to horizontal. The 
patient was directed to grasp the handles to tighten the head support. The laser 
position was adjusted to correspond with the illustration on the touch screen. 
We performed final and fine adjustments to the volume location when needed. 
We used a computer-assisted system to digitize and analyze all panoramic radi-
ographs for linear measurements. 

All panoramic radiographs and alveolar bone loss measurements for all par-
ticipants were taken during regular daily dental practice visits between March 
2018 and February 2020. 

Panoramic Radiographs 
A total of 65 complete sets of panoramic radiographs were obtained from 65 pa-
tients with diabetes, from each of the following groups. 

Group 1 (untreated diabetes patients, control group) 
We examined each panoramic radiograph of the 65 patients with diabetes and 

selected one area in the posterior segment that demonstrated the highest amount 
of alveolar bone. We decided to perform this selection because the comparison 
of the alveolar bone loss of the four groups must be considered according to the 
most affected sites. Therefore, 65 sites were selected to measure the mean alveo-
lar bone loss. 

Group 2 (diabetes patients, treated with Class II amalgam restorations) 
We selected 49 participants, each of whom had one Class II amalgam restora-

tion, and 16 participants, each of whom had two Class II amalgam restorations. 
The total number of Class II amalgam restoration was 81. We selected 81 inter-
proximal sites, toward the restored proximal site, to measure the mean alveolar 
bone loss. 

Group 3 (diabetes patients, treated with Class II composite restorations) 
We chose 55 participants, each of whom had one Class II composite resin res-

toration, and 10 participants, each of whom had two Class II composite resin res-
torations. The total number of Class II composite restorations was 75. Therefore, 
75 interproximal areas, toward the restored proximal side, were selected for 
measuring mean alveolar bone loss. 

Group 4 (diabetes patients, treated with three-unit metal ceramic prostheses) 
We chose 65 participants. Each patient had one metal ceramic restoration 

(three units, posterior segment); the total number of metal ceramic prostheses 
was 65. Because each metal ceramic prostheses had two abutments (four prox-
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imal sites), 260 sites were selected to measure the mean alveolar bone loss. 
Among the treated posterior teeth, we considered the mean alveolar bone loss 

along with overhanging restorations of Class II restorations irrespective of their 
class (premolars or molars), site (upper or lower), or side (mesial or distal). 

The criteria for acceptability of the panoramic radiographs were as follows: 1) 
clear visibility of the anatomical features, such as the Cementoenamel Junction 
(CEJ), Alveolar Bone Crest (ABC), and tooth Apices (AP); 2) CEJs were not com-
promised by the presence of a restoration, prostheses, traversing images, or de-
fective radiographic image; and 3) both proximal sites (mesial and distal) were 
measurable. At the end of the selection process for the set of images, we dis-
carded radiographic images that did not meet the criteria. We used a computer 
screen to amplify and visualize images. 

The distance between the CEJ and crest of the alveolar bone, and between the 
crest of the alveolar bone and tooth apex, was used to identify the alveolar bone 
with bone loss (Figure 1). Alveolar bone loss was defined as a distance > 2 mm 
between the CEJ and the ABC. The alveolar bone loss was presented as the per-
centage of bone loss [38]. The percentage of bone loss percentage was calculated 
using the following formula [38]: 

( )
( )
CEJ ABC 2 mm

100
CEJ AP 2 mm−

×
− −

−
 

All clinical data were collected by two periodontal investigators. Collected da-
ta were grouped onto Excel spreadsheets to record the percentage of alveolar 
bone level, root length, and bone loss in millimeters. The assessments of alveolar 
bone loss produced by the two investigators were compared, and the overall  

 

 
Figure 1. Illustration showing the anatomical features of a tooth used to measure the 
mean alveolar bone loss. CEJ indicates cementoenamel junction; ABC: alveolar bone 
crest; AP: apex. d1 is the distance form alveolar bone crest to the cementoenamel junc-
tion, and d2 is the distance from tooth apex to the cementoenamel junction. 
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kappa score for intraexaminer reliability was calculated. 

2.5. Statistical Analysis 

We statistically evaluated the data using IBM SPSS version 25. The variables 
were expressed as mean ± SD and analyzed by means Scheffé test and one-way 
analysis of variance (ANOVA). A p value < 0.05 was considered statistically sig-
nificant, and a p value < 0.0001 was deemed extremely significant. 

3. Results 

Socio-demographic characteristics of all subjects are provided in Table 1. These 
features include: number of subjects, mean age, nationality, gender, level of edu-
cation, and marital status. Some of these features are known to affect periodontal 
health, such as gender and level of education. However, they have not been dis-
cussed in the current study, since the scope of this study is to determine the in-
fluence of specific risk factors, such as age, glycemic status, type of dental resto-
ration. Factors that are known to be associated with periodontal change, which 
have not been considered in the current study, have been regarded as limitations 
of the study. 

 
Table 1. Sociodemographic characteristics of the participants of the examined groups. 

__ __ G1 G2 G3 G4 

Number of Diabetic patients __ 65 65 65 65 

Mean age (years) (SD) __ 51.2 (5.4) 52 (5) 51.8 (4.3) 57 (4.9) 

Nationality 
No. (%) 

Saudi 44 (67.6) 37 (56.9) 50 (76.9) 40 (61.5) 

Yemini 9 (13.8) 16 (24.6) 4 (6.1) 5 (7.7) 

Egyptian 7 (10.7) 8 (12.3) 3 (4.6) 3 (4.6) 

Sudanese 5 (7.7) 3 (4.6) 2 (3) 10 (15.3) 

Indian 0 1 (1.5) 2 (3) 2 (3) 

Bengali 0 0 3 (4.6) 4 (6.1) 

Bakistani 0 0 1 (1.5) 1 (1.5) 

Gender 
No. (%) 

Male 65 (100) 65 (100) 65 (100) 65 (100) 

Female 0 0 0 0 

Marital status 
No. (%) 

Single 0 0 0 0 

Married 59 (90.7) 55 (84.6) 62 (11) 56 (86.1) 

Widowed 0 0 3 (4.6) 8 (12.3) 

Divorced 6 (9.2) 10 (15.3) 0 1 (1.5) 

Education 
No. (%) 

Elementary 31 (47.6) 25 (38.4) 33 (50.7) 36 (55.3) 

Secondary 29 (44.6) 30 (46.1) 22 (33.8) 20 (30.7) 

Graduate 5 (7.7) 8 (12.3) 10 (15.3) 9 (13.8) 

Postgraduate 0 2 (3) 0 0 
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The mean ages of the participants in groups G1 - G4 were 51.2 (SD 5.4), 52 
(SD 5), 51.8 (SD 4.3), and 57 (SD 4.9) years, respectively (Table 2). There was no 
significant difference in the mean ages of the first three groups, G1 - G3 (p = 
0.392). The participants in G4 were significantly older than those in the other 
three groups, G1 - G3 (p = 0.03). 

Table 2 lists the glycemic status and diabetes durations of all examined groups. 
HbA1c (±SD) mean levels of the participants in G1 - G4 were 8.5 (SD 0.38), 9.4 
(SD 0.9), 8.1 (SD 1.14), and 9.3 (SD 0.95), respectively. The mean durations of 
diabetes mellitus (±SD) for the same groups were 7.2 (SD 0.33), 10.8 (SD 0.36), 
9.4 (SD 1.2), and 12 (0.9), respectively. The ANOVA test showed that the di-
abetes durations of all groups (G1 - G4) differed significantly (p < 0.001); G4 had 
significantly longer durations than the other groups (p < 0.001). 

The mean service life of the restorations in the patients in G2 - G4 were 8.14 
(SD 0.56), 9.17 (SD 0.63), and 9.3 (SD 0.65) years, respectively (Table 3). There 
was no significant difference in the age of restorations between G2 and G4 (p = 
0.04), and the restorations in both groups were significantly older than the res-
torations of G3 (p = 0.025). 

Table 3 lists the PI and GI scores. The mean values of these indices for G1–G4 
were 2.45 and 2.25 (SD 0.10, 0.21), 2.8 and 2.5 (SD 0.22, 0.27), 2.5 and 2.25 (SD 
0.28, 0.23), and 2.95 and 2.8 (SD 0.10, 0.24), respectively. No statistically signifi-
cant difference in the two values were observed between G1 and G3 (p = 0.420). 
G2 had significantly higher values than G1 and G3 did (p < 0.001). G4 had the 
statistically highest two values of all groups (p < 0.001). A comparison of the as-
sessment made by the two investigators produced an overall kappa score of 0.93 
for intraexaminer reliability, suggesting a good agreement between the two in-
vestigators. 

 
Table 2. Mean age of patients with diabetes (y), HbA1c, and duration of diabetes (y). 

Groups No. of subjects 
Mean age of subjects 

(years) (SD) 
Mean HbA1c 

(SD) 
Mean duration of  

diabetes (years) (SD) 

G1 65 51.2 (5.4) 8.5 (0.38) 7.2 (0.33) 

G2 65 52 (5) 9.4 (0.9) 10.8 (0.36) 

G3 65 51.8 (4.3) 8.1 (1.14) 9.4 (1.2) 

G4 65 57 (4.9) 9.3 (0.95) 12 (0.9) 

 
Table 3. Mean service life of restorations, Mean plaque index, and Mean gingival index 
scores. SD = standard deviation. 

Groups 
Mean service life of  

restorations (SD) years 
Mean plaque  
index (SD) 

Mean gingival  
index (SD) 

G1 — 2.45 (0.10) 2.25 (0.21) 

G2 8.14 (0.65) 2.8 (0.22) 2.5 (0.27) 

G3 9.17 (0.63) 2.5 (0.28) 2.25 (0.23) 

G4 9.3 (0.65) 2.95 (0.10) 2.8 (0.24) 
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With regard to the overhang of the Class II restorations, chi-square test 
showed that diabetes patients treated with Class II amalgam restorations (G2) 
had a significantly higher rate of overhanging restorations (58%) than those 
treated with Class II composite resin restorations (G3; 41.3%; p = 0.037). Table 4 
lists the findings related to overhanging restorations. 

Figure 2 charts the results of alveolar bone loss and the standard deviation for 
all examined groups. The mean percentages of alveolar bone loss (±SD) recorded 
in G1 - G4 were 44% (±4.61%), 56.5% (±1.82%), 46.5% (±3.82%), and 74.5% 
(±4.44%), respectively. ANOVA revealed that patients in G4 (diabetes patients 
with metal ceramic prosthesis) demonstrated the highest mean percentage of al-
veolar bone loss among the four groups (p < 0.001). The smallest amount of al-
veolar bone loss was observed in G1 (untreated, control group) and G3 (diabetes 
patients with Class II composite resin restorations), with no significant differ-
ence between them (p = 0.987). G2 patients (diabetes patients treated with Class 
II amalgam restorations) showed significantly higher alveolar bone loss than 
those in G1 and G3 (p < 0.001). Comparison of the assessment of the alveolar 
bone loss made by the two investigators produced an overall kappa score of 0.85 
for intraexaminer reliability. 

Figures 3-6 show representative alveolar bone loss images for all examined 
groups. Figure 3 shows a panoramic image for an un-treated diabetic patient, 
where the least amount of alveolar bone loss among groups is indicated by ar-
rows in the interproximal area between 15 and 16, and the interproximal area  

 
Table 4. Overhangs among patients with diabetes treated with Class II amalgam restora-
tions (G2) and Class II composite resin restorations (G3). 

Groups 
Total No. of 

subjects 
Total No of 
restorations 

Total No. of 
overhanging 
restorations 

Prevalence of 
overhanging  

restorations % 

G2 65 81 47 58 % 

G3 65 71 31 41.3 % 

 

 
Figure 2. Mean percentage of alveolar bone loss among the four examined groups. 
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Figure 3. Diabetes patient with no restorative treatment. The area of bone loss is indi-
cated by arrows: 1) Interproximal area between 15 and 16; 2) Interproximal area between 
25 and 26. 

 

 
Figure 4. Diabetes patient treated with dental amalgam (Class II). The area of bone loss is 
indicated by arrows in the interproximal areas between: 1) 24 and 25; and 2) 25 and 26. 

 

 
Figure 5. Diabetes patient treated with composite resin (Class II). The area of bone loss is 
indicated by arrow of the interproximal area between 46 and 47. 

 

 
Figure 6. Diabetes patient treated with metal ceramic restorations. The area of bone loss 
for the three-unit metal ceramic prostheses is indicated by arrows: 1) Interproximal area 
between 23 and 24; 2) Interproximal area between 24 and 25; (3) Interproximal area be-
tween 26 and 27. 
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between 25 and 26. Similar amount of alveolar bone loss is given in Figure 5, for 
a diabetic patient treated with Class II composite resin. Higher amount of alveo-
lar bone loss that exceeded 50% of total root length is given in Figure 4 (diabetic 
patient treated with Class II amalgam restorations), and in Figure 6 (diabetic 
patient treated with 3-unit posterior metal ceramic restorations). 

4. Discussion 

There are two essential risk factors that should be considered when evaluating 
the periodontal health status of patients with diabetes: 1) Glycemic status, repre- 
sented by HbA1c; and 2) Duration of diabetes. The HbA1c levels of the examined 
groups were considerably high in the current study. Although hyperglycemia is 
significantly associated with worse periodontal parameters, it should be noted 
that a longer duration of an uncontrolled glycemic status can be more destruc-
tive to periodontal tissues than a merely high HbA1c level. The worst periodon-
tal parameters of the examined groups of the current study were observed 
among participants with longer diabetes duration, i.e., >10 years, G2 - G4. The 
relatively better periodontal parameters among the participants of G1 and G3 
were observed with shorter diabetes duration, <10 years. Similar findings that 
are related to the effect of glycemia duration were reported previously. A study 
by Al-Shammari et al. [39] reported that patients with longer duration of di-
abetes had worse periodontal parameters when compared with patients with a 
shorter duration. Another comparative study by Abduljabbar et al. [40] found 
worse periodontal parameters among diabetic and prediabetic patients com-
pared with non-diabetics. These investigators stated that the severity of peri-
odontal inflammation is significantly dictated by the duration of hyperglycemia. 
These outcomes along with the current findings might lead to a speculation that 
the periodontal scores in patients with diabetes is significantly dictated by the 
duration of hyperglycemia. However, it must be emphasized that this influence 
could occur with considerable variation due to the inclusion of other possible 
risk factors, such as poor oral hygiene, faulty dental restorations, tobacco smok-
ing, hypertension, and older age. 

The mean values of the alveolar bone loss in the current study exceeded 50% 
among patients with diabetes treated with: 1) Class II amalgam restorations (G2); 
and 2) Three-unit metal ceramic prostheses (G4). Upon clinical examination, 
most of the patients with diabetes in the two groups showed poor oral hygiene; 
the mean PI and GI index scores were the highest among all examined groups. 
These rather high oral health scores (worse periodontal parameters), accompanied 
by poor oral health status, reaffirm that severe chronic periodontitis was predo-
minant among the subjects of the two groups and hence must be regarded as a 
significant predisposing factor for their worse periodontal parameters. 

In this study, the worst periodontal parameters were noticed among the G4 
patients. This can be attributed to several risk factors: 1) Excessive forces applied 
on abutments of the metal ceramic prostheses; 2) Diabetes mellitus; 3) Poor oral 
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hygiene; 4) Duration of insertion of metal ceramic prostheses; and 5) Age of the 
patients (they were statistically the oldest among the four groups). In fact, this 
extremely high value was anticipated because more risk factors were involved 
with this treatment, compared with the risk factors of the other treatments. 
Combined detrimental factors can result in severe chronic periodontitis, to which 
most periodontal complications are attributed. 

The PI and GI scores of G4 were in accordance with those of a previous study 
by Al-Sinaidi and Preethanath [26]. This study reported that metal ceramic pros-
theses were accompanied by high PI and GI scores and also greater probing 
pocket depths, as compared with non-abutment teeth. In addition, the authors 
observed that the subgingival margins of the crowns resulted in higher PI and GI 
scores and deeper probing than crowns with supragingival margins. 

The second highest scores of the periodontal parameters were reported among 
G2 subjects. There were fewer risk factors resulting in these outcomes than those 
involved in the metal ceramic prostheses. These were: 1) Diabetes mellitus; 2) 
Poor oral hygiene; and 3) Overhanging restorations. The prevalence of over-
hangs among Class II amalgam restorations was considerably high (58%). In ad-
dition to being an etiological factor that promotes periodontal inflammation, 
secondary caries, onsite and adjacent alveolar bone loss [23], an overhanging 
restoration can act synergistically with other factors, which eventually results in 
high alveolar bone loss, as seen in this group. In previously published data, the 
prevalence of overhanging Class II amalgam restorations varied considerably 
(16.5% - 76%) [27] [41]. This variation could be attributed to the sizes of sam-
ples examined, the size of the overhanging margin, the different experience 
and/or skills among dental practitioners, and various techniques adopted in 
treatment methodology. 

As compared with G2 and G4, the smaller amount of alveolar bone loss ob-
served in G1 and G3 (<50%) was accompanied by lower mean PI and GI scores, 
which is an indication of moderate chronic periodontitis among these patients. 
Although the least amount of alveolar bone loss was recorded in this study by 
the control group (G1; 44%), it was not significantly lower than that recorded by 
the subjects of G3 (46.5%). Three essential risk factors were considered to be 
crucial for the interpretation of the loss of alveolar bone recorded by the subjects 
of G3 (overhanging composite restorations, diabetes mellitus, and poor oral hy-
giene), whereas only two risk factors for G1 (diabetes mellitus and poor oral hy-
giene). Despite the difference in the number of risk factors of the two groups, 
there was no significant difference in the amount of alveolar bone loss or in the 
mean PI and GI scores, which is a little surprising. 

Periodontal health and dental restorations are significantly related. There are 
numerous data available on the effects of different dental restorations on peri-
odontal parameters and their association with periodontal health. The most ap-
praised periodontal parameters are: 1) PI; 2) GI; 3) Probing depth; and 4) Clini-
cal attachment loss. The scores of various periodontal indices among patients 
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treated with different dental restorations have been reported. Al-Sanjray et al 
[30] found that the PI and GI of Class II amalgam restorations (1.16, 1.5), were 
comparable with those of Class II composite restorations (1.1, 1.38). Another 
study by Ababnaeh et al. [28] investigated the effect of different dental restora-
tion classes, such as II, III, and V, and different dental restoration types, such as 
crowns and bridge abutment, on patients’ periodontal health. They stated that 
Class II restorations had the highest PI (0.99) and also the highest probing depth 
scores (2.77 mm). On the other hand, different outcomes were reported by 
Al-Fawaz et al. [29], who evaluated the PI and GI for a number of posterior teeth 
restored with Class II amalgam and Class II composite restorations. This study 
reported higher PI and GI scores of Class II composite resin (1.73, 1.58) as 
compared with those of Class II amalgam restorations (1.57, 1.24). A recent 
study by Al-Abdaly et al. [31] compared the effect of Class II amalgam restora-
tions with that of metal ceramic crowns on patients’ periodontal health. Class II 
amalgam restorations had higher PI and GI scores than those of metal ceramic 
crowns. 

The outcomes of the periodontal parameters reported in the present study of 
all groups, namely, the PI and GI scores, were higher than all those of previous 
reports found in the literature. One explanation for such differences might be 
the different clinical conditions. Previous periodontal research investigations 
[28] [31] that reported lower PI and GI examined patients with no systemic dis-
ease, whereas the present study evaluated the periodontal indices of individuals 
with diabetes. It should be noted that different outcomes might be obtained 
when comparing results under dissimilar clinical conditions. 

Numerous observational studies, including a large number of prospective stu-
dies, have supported a correlation between diabetes, the severity of periodontal 
disease, attachment loss, and alveolar bone loss. In 1991, Emrich et al. [42] ob-
served the severity of periodontal disease and its associated complications in the 
Pima Indian population, which has the most prevailing rate of type 2 diabetes in 
the world, over 2 years. These researchers found that type 2 diabetes increased 
the probability of developing periodontal disease threefold, irrespective of age, 
sex, and oral hygiene status. Taylor et al. [43] stated that patients with diabetes 
who have impaired glycemic control had a high risk of alveolar bone loss and 
greater progression than patients without diabetes. In 2014, the effect of glycem-
ic control on periodontal health status and alveolar bone loss was assessed by 
Javed et al. [44]. They found that patients with poor glycemic control had a 
higher severity of periodontal parameters and alveolar bone loss. In a review by 
Wu et al. [45], the authors reported that alveolar bone loss, resulting from severe 
periodontitis, had an inflammatory effect on both osteoclasts and osteoblasts. In 
addition, diabetes was found not only to affect bone loss and coupled bone 
growth but also to adversely affect innate and adaptive immune responses [46]. 
These overall findings suggest that diabetes is a prime predisposing factor for 
periodontal complications and its consequences. 
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Various previous studies have investigated the effect of specific factors on pe-
riodontal health, such as restorative material type, quality of restoration, over-
hanging restoration, aging, and supra- or subgingival restoration margins. How-
ever, no studies were identified that appraised the effect of diabetes mellitus on 
periodontal disease in the presence of dental restorations and subsequent alveo-
lar bone loss. Hence, it was difficult to compare the current findings with pre-
vious research reports. 

There are certain limitations of the current study that might have biased the 
results. All subjects of the current study were males. It is well documented that 
the likelihood of periodontal complications rises as a result of hormonal changes 
in females [47]. Although the incidence of periodontal disease has been shown to 
be higher in males [48], there remains a need to evaluate whether there is a dif-
ference in the severity of periodontal disease and its subsequent alveolar bone 
loss between females and males. A well-known risk factor for periodontal health 
is age. To obtain a comparable age group, we did not assess patients older than 
60 years in the current study. 

With respect to chronic diseases (systemic factors), the current study lacks 
accurate data on diabetes onset, and also the way diabetes was controlled (treat-
ment). Moreover, we did not assess the obesity status of the subjects. Obesity is a 
well-known risk factor for periodontal disease and can be associated with poor 
periodontal parameters [49]. The patient’s smoking statusus is another limita-
tion of the present study. Smoking is a major risk factor for many medical prob-
lems, and periodontal health is not an exception [50]. Some limitations related 
to dental restorations should not be overlooked, such as the smoothness of Class 
II restorations and the size of proximal overhangs. Factors associated with metal 
ceramic restorations include subgingival or supragingival margins and/or space 
underneath the pontic, which might have affected the progression of disease. 
Further research that considers different aspects of these limitations is needed. 

5. Conclusion 

Within the limitations of the current study, it can be concluded that there were 
worse periodontal parameters among all examined diabetes groups, which ma-
nifested as high alveolar bone loss (>50%) and high PI and GI scores among 
subjects treated with either Class II amalgam restorations or three-unit metal 
ceramic prostheses. These dental treatments appeared to be associated with ex-
tensive periodontal destructions, caused by severe chronic periodontitis. The 
untreated subjects and subjects treated with Class II composite resin restorations 
had a smaller amount of alveolar bone loss (<50%) and lower PI and GI scores, 
which indicated relatively better periodontal status. 
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