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Significance of the Study

• In establishing an evidence-based rationale for the optimal use of implant therapy for patients with 
type 2 diabetes mellitus (T2DM), it is essential to first understand the impact of glycemic control on 
early healing and the success of dental implants in the Saudi population. The high prevalence of dia-
betes mellitus in Saudi Arabia has led us to investigate peri-implant bone outcomes in individuals with 
poorly controlled and well-controlled diabetes.
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Abstract
Objective: In establishing an evidence-based rationale for 
the optimal use of implant therapy in patients with type 2 
diabetes mellitus (T2DM), it is essential to first understand 
the impact of glycemic control on early healing and the suc-
cess of dental implants. The objective of this study was to 
evaluate crestal bone loss (CBL) and stability around sub-
merged and non-submerged dental implants in Saudi pa-
tients with well- and poorly controlled T2DM. Subject and 
Methods: Thirty-five patients with well-controlled T2DM (24 
males and 11 females) and 32 poorly controlled T2DM pa-
tients (19 males and 13 females) were included. CBL was 
measured on digital radiographs; resonance frequency anal-

ysis (RFA) measurements were made for each implant at the 
time of fixture placement and at 3 months in both the groups. 
A p value less than 0.05 was considered statistically signifi-
cant. Results: A total of 124 dental implants were placed. 
Mean RFA values between baseline and 3 months in poorly 
controlled T2DM patients was statistically significant (p = 
0.048). CBL at first year (p = 0.047), second year (p = 0.041), 
third year (p = 0.046), and seventh year (p = 0.035) was sig-
nificantly worse in poorly controlled T2DM. CBL around non-
submerged dental implants showed statistically significant 
differences at all time-intervals (p < 0.05). Conclusion: Poor-
ly controlled T2DM patients present worse peri-implant 
bone outcomes as compared to patients with well-con-
trolled T2DM. We suggest that the predictability of success-
ful dental implant therapy outcomes depends on the main-
tenance of optimal haemoglobin A1c levels.
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Introduction

Type 2 diabetes mellitus (T2DM) is a complex endo-
crine disorder characterized by chronic hyperglycemia 
that results in the inability of glucose uptake by cells due 
to impaired action of insulin [1]. Glycosylated haemoglo-
bin A1c (HbA1c) is the most reliable means of evaluating 
chronic glycemia [2]. An HbA1c value that corresponds 
≤6.0% represents a well-controlled type 2 diabetes, while 
an HbA1c value > 10.0% represents a poorly controlled 
T2DM [3]. Recent data from the World Health Organiza-
tion reveals that an estimated 7 million adults have diabe-
tes mellitus and more than 3 million are prediabetic in 
Saudi Arabia [4]. Saudi Arabia has the seventh highest 
rate of T2DM in the world and second highest in the Mid-
dle East [4].

Diabetes mellitus is an extremely important disease 
from the stand point of dental implant therapy. It is well-
known that chronic hyperglycemic state impairs peri-
odontal structure and functions, which may directly im-
pact the integrity of the periodontium and hence the read 
for dental implant therapy [5, 6]. This is particularly true 
for patients whose diabetes is poorly controlled, whereas 
diabetic patients whose disease is well controlled experi-
ence few complications. Evidence suggests that T2DM 
impairs the structure and function of collagen, which may 
directly impact the integrity of the periodontal tissues [7, 
8]. Chronic hyperglycemia adversely affects the synthesis, 
maturation, and maintenance of collagen and extracellu-
lar matrix [9]. In the hyperglycemic state, numerous pro-
teins and matrix molecules undergo a nonenzymatic gly-
cosylation, resulting in accumulated glycation end-prod-
ucts (AGEs). The formation of AGEs occurs at normal 
glucose levels as well, but in hyperglycemic environments, 
AGE formation is excessive [10].

Factors influencing successful implant therapy for pa-
tients with T2DM remain unclear particularly due to 
limited information available on the influence of glyce-
mic control on implant success. Although clinical and 
radiographic outcomes of submerged and non-sub-
merged dental implants in non-diabetic individuals have 
been thoroughly investigated [11, 12], data on peri-im-
plant outcomes around submerged and non-submerged 
dental implants in patients with well- and poorly con-
trolled T2DM are limited and controversial. Recent find-
ings show that dental implants may also be successfully 
placed in poorly controlled diabetic patients with similar 
success rates as seen in well-controlled diabetic individu-
als [13, 14]. In establishing an evidence-based rationale 
for the optimal use of implant therapy for patients with 

T2DM, it is essential to first understand the impact of 
glycemic control on early healing and success of im-
plants. Therefore, the aim of this 7-year prospective 
study was to evaluate crestal bone loss (CBL) and stabil-
ity around submerged and non-submerged dental im-
plants in Saudi patients with well- and poorly controlled 
T2DM.

Subjects and Methods

Ethical Guidelines
The study was performed in accordance with the Declaration 

of Helsinki as revised in 2013 for experimentation involving hu-
man subjects. This was a 7-year prospective observational study 
designed, conducted and reported following “Strengthening The 
Reporting of OBservational Studies in Epidemiology” (STROBE) 
checklist [15]. The clinical trial was conducted at King Abdulaziz 
Medical City, Dental Centre, Riyadh, Saudi Arabia. The study pro-
tocol was approved by the Ethics Committee of King Abdullah 
International Medical Research Center, Saudi Arabia.

Recruitment of Study Participants
This prospective clinical study was performed at King Abdu-

laziz Medical City, Dental Centre, Riyadh, Saudi Arabia between 
July 2009 and May 2011. Male and female patients were recruited 
from the National Guard community, Riyadh, Saudi Arabia. Eli-
gible participants were informed about the purpose and process of 
the study in Arabic or in English orally and in writing. The study 
subjects signed a consent form and were allowed to resign from the 
research project at any point with no consequences. All partici-
pants who self-reported to have T2DM were requested to present 
their medical records for verification of HbA1c.

Inclusion and Exclusion Criteria
Adult patients diagnosed with (i) well-controlled T2DM 

(HbA1c levels ≤6.0%) according to the American Diabetes As-
sociation [1], controlled by diet and anti-diabetic drugs (with or 
without insulin) and poorly controlled T2DM (HbA1c levels  
> 8.0%) not controlled by diet and anti-diabetic drugs at the time 
of surgery; (ii) replacing single missing tooth with; (iii) adequate 
bone dimensions for implant placement without bone grafting 
and; (iv) implant sites with ≥3 months of healing were recruited. 
Patients with medical conditions other than T2DM, periodontal 
disease, smoking habits, and who had used steroids, non-steroid- 
al anti-inflammatory drugs or antibiotics within the previous 6 
months were excluded.

Measurement of Hemoglobin A1c Levels
In all patients, HbA1c levels were investigated using ion-ex-

change high-performance liquid chromatography and expressed 
as percentages. 

Questionnaire
Information regarding gender, age, duration of diabetes, type 

of medication used to control diabetic condition, previous compli-
cations due to diabetic condition, and daily oral hygiene status was 
collected. 
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Surgical Procedure
A total of 124 dental implants (ITI® Straumann Dental Implant 

System, Wandenburg, Switzerland) were placed in 67 patients with 
T2DM in the implant clinic between 2009 and 2011 by one surgeon 
in all the patients. The surgeon was blinded to both the study 
groups. All implants were placed according to the manufacturer’s 
instructions. A traditional 2-stage surgical protocol was used for 
submerged implant placement and one-stage surgical protocol for 
non-submerged implant placement. All surgical procedures were 
performed under local anesthesia. A crestal incision was made fol-
lowed by a full-thickness mucoperiosteal flap elevation. After the 
implant sites were prepared, all implants were placed using a 
torque controller. The mucosa was sutured after the implant place-
ment. Some implants were placed with a submerged protocol and 
topped with a closure screw to avoid loading during the healing 
process, while some were placed with a non-submerged protocol, 
where the cover screw around the soft tissue was left exposed. The 
implants were left to heal for 3 months in the mandible and for 6 
months in the maxilla for osseointegration. The healing abutments 
were placed in the second stage. Final impressions were made, and 
the crowns were fabricated using traditional laboratory methods. 
A total of 110 single crowns were cement-retained and only 14 
were screw-retained. After implant insertion, radiographs were 
taken at the moment of prosthetic placement following standard-
ized parameters to compare crestal bone levels at 1 year (Fig. 1) and 
7-year follow-up (Fig. 2).

Postoperative Care
After implant placement and suturing, each patient received 

Augmentin 625 and 400 mg of Ibuprofen to be taken thrice daily 
for 7 days, with a mouth rinse including 0.2% chlorhexidine 
(Deef®, AlQassim, Saudi Arabia) prescribed to the patients start-
ing the day after the surgery and continued for 2 weeks. Patients 
were also asked to brush gently with an antiseptic toothpaste. Su-
tures were removed 8–10 days after surgery. The patients were re-
called at 1, 2, 3, and 7 years after placement of implants. The crite-
ria for success of the implants were stable implants and superstruc-
tures with no symptoms of pain and without signs of inflammation 
and purulent discharge, loss of no more than 1 mm bone around 
the implant in the first year, and radiolucency around implants 
[16].

Resonance Frequency Analysis Measurements
Resonance frequency analysis (RFA) measurements were made 

for each implant at the time of fixture placement and at 3 months 
by one blinded examiner. As described previously by Meredith et 
al. [17]. Measurements were carried out by screwing a transducer 
to the top of the abutment. The transducer beam comprised a small 
L-shaped cantilever to which 2 piezo-ceramic elements had been 
attached. One of the elements was excited by a sine wave signal of 
amplitude 1.0 V, which was varied in frequency from 6 to 12 kHz 
in steps of 25 Hz. The response of the beam was measured by the 
second piezo-ceramic element and the resonance frequency of the 
transducer/implant system was calculated from the peak ampli-
tude of the signal.

Crestal Bone Loss
CBL was defined as the distance from the widest supracrestal 

part of the implant to the alveolar crest [18]. Digital intraoral ra-
diographs were taken using the long-cone paralleling technique 

and recorded by one trained examiner who was blinded to the 
study groups. Intra-examiner reliability was performed by evaluat-
ing kappa scores that resulted in good agreement (kappa = 0.83). 
Patients were seated upright with the Frankfort plan parallel to the 
floor; and to prepare parallel radiographs, a film holder (Dentsply 
Rinn, PA, USA) was used to standardize the angulation between 
the X-ray beam and the film. The central X-ray beam was directed 
perpendicular to the film and long axis of the implant. In the im-
plant sites, both mesial and distal CBL were analyzed at 20× mag-

Fig. 1. Crestal bone loss (CBL) around dental implant at 1-year 
follow-up.

Fig. 2. Crestal bone loss (CBL) around dental implant at 7-year 
follow-up.
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nification using computer software (CorelDraw 11.0, Corel Corp. 
and Coral Ltd., Ottawa, Canada). For calibration, Scion Image 
computed the minimum and maximum pixel values of 16-bit im-
ages and was automatically set up on a linear density calibration 
function that provided an approximation of the original 16-bit pix-
el values.

Statistical Analysis
Statistical analyses were carried out using statistical software 

(SPSS, version 20.0 for Windows, IBM, Chicago, IL, USA). Data 
were expressed as means and SDs. The normality of distribution 
of the variables was tested with Kolmogorov-Smirnov and Shap-
iro-Wilk tests and confirmed with Q-Q plots. For the purpose of 
analysis, we divided the patients into subgroups according to 
HbA1c levels and position of fixture (submerged/non-submerged). 
CBL was analyzed to identify any associations with HbA1c levels 
and position of fixture and the time following implant placement 
(1, 2, 3, and 7 years). Between-group comparison of means was 
verified with Mann Whitney U test. The level of significance was 
set at 0.05.

Results

The study groups consisted of 35 patients with well-
controlled T2DM (24 males and 11 females) and 32 poor-
ly controlled T2DM patients (19 males and 13 females) 
who received dental implants. Average age did not show 
statistically significant difference between the 2 groups. 
The age of the patients ranged between 34 and 75 years. 
With regard to gender distribution, both the groups 
showed higher prevalence of men than women. The dura-
tion of diabetes was significantly higher in poorly con-
trolled T2DM as compared to well-controlled T2DM. 
Tooth brushing twice daily was reported by 68% of the 
well-controlled patients and by 41% poorly controlled 
T2DM patients (Table 1).

A total of 124 dental implants of 10–12 mm of mean 
height and 3.3–4.1 mm of diameter were placed. Sixty-
eight single dental implants were restored in mandible, 
while 56 single implants were inserted in maxilla (Table 
2). Of the 124 implants evaluated, 123 (99.1%) implants 
survived till 7 years. The one implant failure was an ear- 
ly one, occurring at 6 months following placement. This 
implant was successfully replaced and restored without 
further complications, and was evaluated at 1, 2, 3, and 7 
years.

The comparison of the mean RFA values between 
baseline and 3 months in well-controlled T2DM was not 
statistically significant (p > 0.05). Poorly controlled 
T2DM subjects showed statistically significant ISQ from 
baseline to 3-months implant stability (p = 0.048). The 
inter-group mean RFA values between baseline and 3 
months were not significant (p > 0.05) (Table 2).

It should be noted that CBL was found to increase in 
relation to high HbA1c levels. Levels in the well-con-
trolled group varied from 0.25 mm after the first year, 
reaching 0.60 mm after 7 years, while in poorly controlled 
T2DM (high levels of blood sugar), CBL values increased 
from 0.48 mm after 1 year to 1.12 mm at the end of the 7 
years (Table 3). CBL was statistically and significantly dif-
ferent between poorly controlled and well-controlled 
T2DM at all follow-up periods (p < 0.05).

Table 4 shows CBL around submerged and non-sub-
merged dental implants at the 1, 2, 3, and 7 year follow-up 
between well- and poorly controlled T2DM. The com-
parison between submerged dental implants did not show 
significant difference at any point (Table 4). However, 
non-submerged dental implants showed statistically sig-
nificant differences at all 4 time points (p < 0.05).

Discussion

The aim of this 7-year prospective study was to evalu-
ate the CBL and stability around submerged and non-
submerged dental implants in Saudi patients with well- 
and poorly controlled T2DM. To the best of our knowl-
edge from indexed literature, this is the first study to 
evaluate CBL and stability around submerged and non-
submerged dental implants placed in well- and-poorly 
controlled T2DM patients. The findings of the present 
study showed that CBL was significantly greater in poor-
ly controlled T2DM patients as compared to well-con-
trolled T2DM patients. Moreover, non-submerged den-
tal implants showed significant bone loss in poorly con-
trolled T2DM patients.

Table 1. Demographic characteristics of the study sample accord-
ing to HbA1c levels

Characteristics Well-controlled 
T2DM (HbA1c 
levels ≤6.0%)

Poorly con-
trolled T2DM 
(HbA1c levels 
>8.0%)

Number of patients 35 32
Gender, male/female 24/11 19/13
Age, years, mean ± SD 54.6±9.9 53.8±7.9
Duration of diabetes, years 6.6 11.8
Daily tooth brushing, %

Once
Twice

32
68

59
41
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Dental implants have been shown to be an effective 
restorative treatment for missing teeth. The success and 
survival rates may be dependent on several local and sys-
temic factors, of which T2DM has received considerable 
attention with regards to the osseointegration between 
dental implants and alveolar bone [13, 14, 19, 20]. Some 

T2DM patients neglect their systemic well-being, repre-
senting HbA1c levels greater than 8.0% in the serum [21]. 
The present study assessed bone loss around dental im-
plants in relation to the metabolic parameter HbA1c, and 
the findings corroborate with other studies which dem-
onstrated that chronic hyperglycemia may lead to chang-

Table 3. Crestal bone loss between well- and poorly controlled T2DM at 1, 2, 3, and 7 years follow-up

Groups CBL, mm

1-year 2-year 3-year 7-year

Well-controlled T2DM 
(HbA1c levels ≤6.0%)

0.25±0.35 0.31±0.22 0.44±0.31 0.60±0.18

Poorly controlled T2DM 
(HbA1c levels >8.0%)

0.48±0.66 0.64±0.72 0.83±0.92 1.12±0.87

p value 0.047* 0.041* 0.046* 0.035*

* Denotes statistically significant p value obtained by Mann-Whitney U test.

Table 4. Crestal bone loss between submerged and non-submerged dental implants at 1, 2, 3, and 7 years follow-
up

Groups Crestal bone loss, mm

1-year 2-year 3-year 7-year

Well-controlled
Submerged implants
Non-submerged implants

0.23±0.34
0.25±0.19

0.34±0.52
0.51±0.34

0.41±0.71
0.62±0.31

0.59±0.72
0.55±0.55

Poorly controlled
Submerged implants
Non-submerged implants

0.28±0.26
0.36±0.40

0.36±0.43
0.73±0.56

0.46±0.65
0.92±0.58

0.66±0.73
1.07±0.71

p value
Submerged implants
Non-submerged implants

0.056
0.015

0.073
0.025

0.069
0.027

0.055
0.005

Bold font indicates significant p value (p < 0.05) between both groups.

Table 2. Location, position, and stability of dental implants at baseline and 3 months follow-up

Groups Location of implants, n Position of fixture, n RFA (ISQ), mean ± SD

maxilla mandible sub-
merged

non-sub-
merged

immediate im-
plant stability

3 month im-
plant stability

p value‡

Well-controlled T2DM (HbA1c levels ≤6.0%) 34 40 32 35 76.78±5.5 79.47±5.5 0.051
Poorly controlled T2DM (HbA1c levels >8.0%) 22 28 28 29 74.80±7.5 78.66±6.5 0.048*
p value† 0.70 0.79

Means of the resonance frequency analysis (RFA) are expressed in implant stability quotient (ISQ). 
† Intergroup p value; ‡ intragroup p value. * Denotes statistically significant p value obtained by Mann-Whitney U test.
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es in bone function [22, 23]. A possible explanation for 
increased crestal bone resorption may be explained by ex-
cessive proinflammatory responses through the expres-
sion of increased proinflammatory cytokines such as in-
terleukin (IL)-6 and IL-1β, matrix metalloproteinase and 
tumor necrosis factor alpha in the gingival crevicular flu-
id and saliva in systemic diseases including T2DM pa-
tients [24, 25].

It is well known that bone tissue can mount a proin-
flammatory reaction [26]. The expression of increased 
cytokines may bring about alterations in bone physiology 
through increased osteoclastic and decreased osteoblastic 
activity [27]. This may increase the amount of bone re-
sorption as seen in the present study in which patients 
with poorly controlled T2DM showed statistically signif-
icant difference as compared to well-controlled T2DM 
patients. Furthermore, evidence suggests that patients 
with poor HbA1c levels have augmented levels of AGEs 
in the serum and peri-implant crevicular fluid in T2DM 
patients [10, 28]. For this reason, control and mainte-
nance of glycemic levels should be a key element in the 
overall care of patients with T2DM, and could play an 
important role in ensuring the success of implant therapy.

Other critical factors that govern alveolar bone health 
are duration of diabetes and oral hygiene maintenance. It 
is noteworthy that all well-controlled T2DM patients re-
ported duration of diabetes of ∼7 years. This is in contrast 
to the duration of diabetes in poorly controlled patients 
who had been diabetic for the past ∼12 years. Also, note-
worthy that 68% of well-controlled T2DM patients 
brushed their teeth twice as compared to only 41% of 
poorly controlled T2DM patients. It is therefore specu-
lated that well-controlled T2DM individuals followed 
proper oral daily oral hygiene maintenance protocols, 
and as a result, their overall alveolar bone status did not 
change as much as it changed in patients with poorly con-
trolled diabetes. Numerous studies have showed that 
peri-implant bacteria and their byproducts enter system-
ic circulation from periodontal/peri-implant pockets that 
may in turn worsen insulin resistance by potentially aug-
menting low-grade inflammation [29–31]. Similarly, re-
search indicates that increased blood HbA1c levels have 
an overall impact on the subgingival bacterial load [32–
34]. This suggests that the systemic load of peri-implant 
bacteria and their products is higher in individuals with 
persistent hyperglycemia compared to patients with well-
controlled glycemic levels.

This study has some limitations that should be taken 
into consideration while evaluating the findings. This 
study only considered CBL around dental implants. Oth-

er peri-implant clinical parameters such as peri-implant 
probing depth and attachment loss should also have been 
determined in order to establish the values of CBL as 
pathologic. Future observational studies should focus on 
the collection of peri-implant crevicular fluid to quantify 
the levels of cytokines from the areas of bone loss in both 
well- and poorly controlled T2DM patients. Moreover, 
cross-sectional studies should be performed for qualita-
tive and quantitative assessment of microbial plaque 
around dental implants in well- and poorly controlled 
T2DM patients for better understanding of microbial pa-
thology and to establish targeted therapeutic strategies.

Conclusion

Patients with poorly controlled T2DM present worse 
peri-implant bone outcome as compared to patients with 
well-controlled diabetes. Predictability of the outcomes 
of successful dental implant therapy depends on the 
maintenance of HbA1c levels.
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