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Abstract
Background: Long-term survival of adjacent dental implants (ADI) in prediabetic patients

remained uninvestigated.

Purpose: This 5 years’ follow-up clinical study compared the survival of adjacent implants in pre-

diabetic and nondiabetic subjects.

Materials and Methods: Prediabetic (group-A) and nondiabetic (group-B) subjects having under-

gone dental rehabilitation using ADI were assessed. Data about sex, age treatment and period

(in years) since diagnosis of prediabetes, and family history of diabetes was gathered and haemoglo-

bin A1c (HbA1c) levels were recorded. Dental implant related data (dimensions, loading protocol,

surface characteristics, restoration type, and duration in function) was recorded. Depth of probing

(PD), bleeding-on-probing (BOP), and plaque index (PI) were measured and mesial and distal crestal

bone loss (CBL) were recorded. P values less than .05 were contemplated as statistically-significant.

Results: Seventy-nine male individuals (39 in group-A and 40 in group-B) were included. Subjects in

groups -A and -B were 54.3 ± 3.6 and 51.2 ± 2.4 years old, respectively. In group-A, subjects were

diagnosed with prediabetes 5.4 ± 0.2 years ago. Patients in group-A more often had a family history

of diabetes than group-B. Thirty-nine and 40 ADI were placed in patients in groups -A and -B,

respectively. Tooth-brushing once daily was reported by 79.5% and 82.5% individuals in groups -A

and -B, respectively. Peri-implant PI (P<.001), BOP (P<.001), PD (P<.001), mesial (P<.001), and distal

(P<.001) CBL and HbA1c levels (P<.001) were higher in group-A than group-B. The implant survival

rate in group-A and group-B was 100% and 100%, respectively.

Conclusion: Although ADI can survive in prediabetic patients in the long-term; soft-tissue

inflammation and CBL are worse around adjacent implants in these patients compared with non-

diabetic controls.
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1 | INTRODUCTION

Long-term implant survival is associated with factors such as (1) pri-

mary stability;1,2 (2) oral hygiene maintenance;3 and (3) prevention of

tissue inflammation and maintenance of alveolar bone height around

the implant.3,4 Crestal bone loss (CBL) of 2 mm within the first year

of implant placement tailed by a CBL of 0.2 mm every year is

acceptable.5–7 Arches with missing adjacent dentition are often

restored using nonsplinted dental implants;8 however, a complication

in such cases is formation of an inter-proximal “black-triangle” in the

space between the implant-supported restorations.9

Chronic hyperglycemia (CH) is a risk-factor for peri-implant diseases

(peri-implantitis and peri-implant mucositis), which is often seen among

subjects with impaired-glucose-tolerance.10–14 Prediabetes is character-

ized by impaired-fasting-glucose of 100 to 125 mg/dL.15 A state of CH is

associated with deposition of advanced-glycation-endproducts (AGEs) in

tissues, including the periodontium.14 Once AGEs interact with their spe-

cific receptors, proinflammatory cytokines such as interleukin (IL)-1β and
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tumor-necrosis-factor-α (TNF-α) are produced that accumulate in the

blood and gingival crevicular fluid (GCF).14–17 These proinflammatory

cytokines worsen periodontal inflammation, which may lead to alveolar

bone loss around dentition and implants.18,19 Long-term follow-up stud-

ies assessing the survival of adjacent dental implants (ADI) in prediabetic

subjects are not yet reported. We therefore hypothesize that inflamma-

tory parameters (depth of probing [PD], plaque index [PI], and bleeding-

on-probing [BOP]) and mesial and distal CBL are higher around ADI

placed in prediabetic subjects as compared to systemically healthy indi-

viduals (controls).

This 5 years’ follow-up clinical study compared the survival of

ADI in prediabetic and nondiabetic subjects.

2 | MATERIALS AND METHODS

2.1 | Ethical guidelines

The present study was performed following guidelines recognized by

the Declaration of Helsinki as revised in 2013 for experimentation

involving human patients. All volunteering individuals were requested

to read and sign a consent form. All participants reserved the right to

withdraw at any phase without penalty.

2.2 | Study strategy and subjects

The present cross-sectional observational clinical study was per-

formed at the Specialist-Dental-Practice, ArRiyadh, Saudi-Arabia.

2.3 | Eligibility criteria

Patients with prediabetes (group-A), systemically healthy individuals

(group-2), and patients having undergone dental rehabilitation using ADI

were included. Exclusion criteria were: (1) individuals using nicotine prod-

ucts; (2) subjects habitually consuming alcohol; (3) nondiabetic subjects

with self-reported systemic diseases such as hepatic and renal disorders,

acquired immune deficiency syndrome (AIDS), HIV-positive individuals,

and patients with cardiac, patients that reported had used steroids

and/or nonsteroidal antiinflammatory medications, antibiotics, probiotics,

and bisphosphonates within the past 8-weeks and patients that had pre-

viously undergone treatment of periodontal diseases.

2.4 | Questionnaire

A structured questionnaire written in Arabic and English was used to

gather sociodemographic information including age, sex, duration of pre-

diabetic state, diagnosis of diabetes in relatives, treatment strategy for

the management of prediabetic state and daily tooth-brushing and floss-

ing. The questionnaire was presented by a trained researcher (TA).

2.5 | Characteristics of ADI

With reference to implant related characteristics, the following data was

collected by one trained investigator (TA): (1) protocol adopted for

implant placement (early implant placement in extraction sites); (2) diame-

ter and length of implants; (3) implant-geometry; (4) implant surface

features (roughness); (5) implant loading (immediate or delayed); (6) pros-

thetic fixation protocol (screw- versus cement-retained); (7) jaw location;

and (8) period for which, the ADI were in function.

2.6 | Peri-implant clinical and radiological statuses

One investigator (TA) (kappa 0.87) performed the clinical and radio-

graphic examinations. During the clinical evaluation, PI,20 BOP,20 and

PD20 were measured at mid-lingual/mid-palatal, disto-palatal/disto-

lingual, disto-buccal, mesio-lingual/mesio-palatal mesio-buccal, and

mid-buccal sites around all ADI in both jaws. Peri-implant PD was

gauged using a graded-probe (Hu-Friedy, Illinois). One author (TA;

kappa 0.85) measured the distal and mesial CBL digital bitewing radio-

graphs (Kodak, Ektaspeed plus, New York). Linear distance from a ref-

erence point at the edge of the platform of implant to the bone crest

was gauged mesially and distally using a software (Scion Image,

Fredrick, Scion Corp, Maryland).21

2.7 | Haemoglobin A1c

A haemoglobin A1c (HbA1c) measuring equipment (Clover A1c Self Ana-

lyzer, Infopia Co, Kyunggi, Korea) was used by one trained investigator

(KAA) to determine the glycemic status of subjects in both groups.

2.8 | Statistical analysis

Statistical analysis was done using the S.P.S.S., Ver. 18, Chicago, Illi-

nois, software. The one-way analysis of variance and Kruskal-Wallis

tests were used to compare peri-implant PD, PI, BOP, and distal and

mesial CBL in subjects in group-A and group-B. Means and standard

were reported for age and duration of prediabetes; Glycemic (HbA1c)

levels were presented as mean and range. Sample-size estimation was

performed using a software (Statistical-Solutions, nQuery-Advisor,

Saugas, Massachusetts). It was estimated that inclusion of at least

38 patients per group would give a power of 89%. P values less than

.05 were contemplated as statistically-significant.

3 | RESULTS

3.1 | Characteristics of study groups

Seventy-nine male subjects (39 in group-A and 40 in group-B) were

included. The mean age (in years) of individuals in group-A and group-

B were 54.3 ± 3.6 and 51.2 ± 2.4 years, correspondingly. Mean

HbA1c levels in group-A (6.1% [5.9-6.3%]) were significantly higher

than group-B (4.1% [4-4.8%]) (P<.001). In group-A, the mean duration

of prediabetes was 5.4 ± 0.2 years. Subjects in group-A (53.8%) more

often had a family history of diabetes than group-B (22.5%). In group-

A and group-B, 79.5% and 82.5% subjects, respectively brushed their

teeth once a day (Table 1).

3.2 | Implant related parameters

Thirty-nine (78 implants in total) and 40 (80 implants in total) pairs of

platform-switched adjacent delayed-loaded implants with moderately
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rough surfaces were placed at bone-level among patients in groups -A

and -B, respectively. Screw-retained and nonsplinted restorations

were used in the areas of missing premolar and molar teeth in the

upper and lower jaws. In groups -A and -B, the ADI were in function

since 5.5 ± 0.3 and 5.7 ± 0.5 years, respectively. In both groups, dis-

tance between the ADI was 3 mm. Lengths and diameters of the ADI

ranged between 4.1to 4.8 mm and 11 to 13 mm, correspondingly

(Table 2).

3.3 | Clinical and radiological inflammatory
parameters

The PI (P<.001), BOP (P<.001), PD (P<.001); and distal (P<.001) and

mesial (P<.001) CBL at 5-years’ follow-up were higher in group-A than

group-B (Table 3). In groups -A and -B, there was no difference in clin-

ical and radiological parameters around ADI in relation to jaw location

(Figures 1 and 2). The implant survival rate in group-A and group-B

was 100% and 100%, respectively.

4 | DISCUSSION

The results of the present study support the proposed hypothesis since

PD, BOP, PI, and CBL were amplified around implants in prediabetic

patients (group-A) than controls (group-B). Our results showed that

HbA1c levels at nearly 5-years’ after implant therapy were nearly 1.5

times elevated in group-A than group-B. It is well-reported that persis-

tent hyperglycemia induces oxidative stress in tissues by increasing the

formation and accumulation of AGEs.14–17 Moreover, interactions

between these endproducts and their receptors enhances the expression

of proinflammatory cytokines including TNF-α, IL-1β, and IL-6 in the

bodily fluids including serum and GCF.14–17 Accumulation of such proin-

flammatory cytokines in the GCF and peri-implant sulcular fluids

increases inflammation in the periodontal and peri-implant tissues, corre-

spondingly;18,19,22,23 and may ultimately lead to loss of supporting bone

around natural teeth and dental implants.18,19,23 Nevertheless, when gly-

cemic levels are strictly maintained (by medications and/or dietary con-

trol), dental implants can osseointegrate and remain functionally stable in

diabetic subjects in a way comparable with systemically healthy individ-

uals.24,25 There is abundant evidence in indexed literature that has

shown that implants can demonstrate survival rates of 100% among

patients with well-controlled diabetes.25–28 It is therefore recommended

that hyperglycemic patients, such as those with prediabetes and diabetes

mellitus undergoing dental implant therapy should be encouraged to reg-

ularly monitor and maintain glycemic levels within normal ranges. This

may help attain long-term stability of dental implants and improved over-

all health status in these individuals.

Studies29,30 have reported that the method used for fixation of

prosthesis (screw-retained [SR] or cement-retained [CR]) following

TABLE 1 Demographics of individuals in groups 1 and 2

Parameters Group-A Group-B

Number of participants (n) 39 40

Gender (male) 39 40

Age in years (mean ± SD) 54.3 ± 3.6 years 51.2 ± 2.4 years

Duration of prediabetes
in years

5.4 ± 0.2 years Not applicable

Family history of diabetes (n, %) 21, 53.8% 9, 22.5%

Hemoglobin A1c (%)
(mean [range])

(6.1% [5.9-6.3%])* (4.1% [4-4.8%])

Twice daily tooth-brushing (%) 31, 79.5% 33, 82.5%

*Compared with group-2 (P<.01).

TABLE 2 Dental-implant related characteristics of the study participants

Parameters Group-A Group-B

Number of individuals 39 40

Total number of adjacent implants 78 implants (39 pairs) 80 implants (40 pairs)

Maxilla* 32 implants (16 pairs) 38 implants (19 pairs)

Mandible* 46 implants (23 pairs) 42 implants (21 pairs)

Depth of placement BL BL

Implant design PS with moderately
rough surfaces

PS with moderately rough surfaces

Implant length and diameter
(range in mm)

11-13 mm and 4.1-4.8 mm 11-13 mm and 4.1-4.8 mm

Implant loading after placement 3.9 ± 0.3 months 3.4 ± 0.2 months

Type of restoration SR SR

Inter-implant distance 3 mm 3 mm

Duration of adjacent
implants in function

5.5 ± 0.3 years 5.7 ± 0.5 years

BL = bone-level; mm = millimeters; PS = platform-switched; SR = screw-retained.
*All adjacent implants were placed in the area of missing premolars or molars.

TABLE 3 Peri-implant soft tissue status and crestal bone levels in

groups 1 and 2

Peri-implant parameters Group-A Group-B

Plaque index (% of sites) 46.7 ± 4.4 24.4 ± 4.7

Bleeding on probing (% of sites) 48.2 ± 3.7 22.6 ± 2.4

Probing depth (in mm) 4.6 ± 0.2 mm 2.2 ± 0.3 mm

Crestal bone loss

Mesial (in mm) 5.2 ± 0.4 mm 2.3 ± 0.1 mm

Distal (in mm) 5.3 ± 0.2 mm 2.3 ± 0.1 mm

Data are presented as mean ± standard deviation.
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implant placement influences implant survival. Although screw- and

CR implant restorations have been used in implant-retained restora-

tions, neither methodology is shown to be advantageous over the

other.30,31 Nevertheless, a disadvantage associated with CR restora-

tions is the risk of cement stagnation in the peri-implant sulcular space

that may incite inflammatory conditions such as peri-implant mucosi-

tis.32 Since SR-restorations were used in all groups in the present

study, there was no risk of cement stagnation in the peri-implant tis-

sues. This factor may have contributed towards the 100% implant sur-

vival in both groups.

Bone density and quality differs between the maxilla and mandible

due to the presence of sinuses in posterior upper jaw.33 The Ozgur

study33 showed higher peri-implant CBL in posterior maxilla in compari-

son to dental implants placed in the mandibular arch. The current

results showed no difference in peri-implant CBL in either jaw in groups

-A and -B. With reference to group-A, there is a likelihood that the

state of persistent hyperglycemia compromised the alveolar bone

height in both jaws. Regarding individuals in group-B, it seems that the

overall oral hygiene status and systemic health minimized CBL in both

arches. It is hypothesized that routine oral hygiene care in conjunction

with glycemic control may help minimize CBL in both jaws among pre-

diabetic patients. Further studies are needed to test this hypothesis.

Although strict inclusion and exclusion criteria were adopted,

there are some limitations of the present study. Firstly, tobacco-

product users (such as smokers and individuals chewing smokeless-

tobacco) and subjects with systemic diseases such as renal and

hepatic disease, AIDS, and CVD were not sought. According to Kanje-

vac et al.34 complications in bone mineral metabolism are occasionally

in patients with kidney diseases compared with individuals without

kidney-related disorders. Likewise, CBL around dental implants has

been reported among tobacco-smokers and patients with AIDS, CVD,

and liver diseases compared with healthy nonsmoking controls.35–37

We therefore speculate that tissue inflammation and CBL are signifi-

cantly higher around ADI placed in immunocompromised patients and

tobacco-smokers compared with systemically healthy never-smokers.

Furthermore, all participants were male. It is speculated that hormonal

FIGURE 1 Plaque index (dark grey bars) and bleeding on probing (white bars) around adjacent dental implants (ADI) placed in the maxilla and

mandible of individuals in groups -A and -B. Data is presented as mean ± 2 standard deviations. *Compared with plaque index around ADI placed
in the maxilla of individuals in group-B (P<.001); †Compared with bleeding on probing around ADI placed in the maxilla of individuals in group-B
(P<.001); ‡Compared with plaque index around ADI placed in the mandible of individuals in group-B (P<.001); §Compared with bleeding on
probing around ADI placed in the mandible of individuals in group-B (P<.001)

FIGURE 2 Probing depth (dark grey bars), mesial crestal bone loss (CBL; light grey bars) and distal CBL (white bars) around adjacent dental

implants (ADI) placed in the maxilla and mandible of individuals in groups -A and -B. Data is presented as mean ± 2 standard deviations.
*Compared with probing depth around ADI placed in the maxilla of individuals in group-B (P<.001); †Compared with mesial CBL around ADI
placed in the maxilla of individuals in group-B (P<.001); ‡Compared with distal CBL around ADI placed in the maxilla of individuals in group-B
(P<.001); §Compared with probing depth around ADI placed in the mandible of individuals in group-B; (P<.001) kCompared with mesial CBL
around ADI placed in the mandible of individuals in group-B (P<.001); ¶Compared with distal CBL around ADI placed in the maxillae of individuals
in group-B (P<0.001)
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alterations in females may affect the oral soft and hard tissue status

around ADI. Further research is required to assess these hypotheses.

5 | CONCLUSION

Although ADI can survive in prediabetic patients in the long-term;

peri-implant tissue inflammation and CBL are worse around ADI in

these patients compared with nondiabetic controls.
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