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Abstract. - OBJECTIVE: To compare the
clinical and radiographic peri-implant param-
eters around narrow diameter implants (NDI)
supported single (NDISCs) and splinted crowns
(NDISPs) in the anterior maxilla of non-diabet-
ics and type 2 diabetes mellitus patients (T2DM).

MATERIALS AND METHODS: The clini-
cal and radiographic parameters of NDISC and
NDISP were assessed in the anterior mandib-
ular jaw of T2DM and non-diabetic individuals.
Plaque index (Pl), bleeding on probing (BoP),
probing depth (PD) and crestal bone levels were
recorded. Technical complications and patient
satisfaction were also assessed. ANOVA (one-
way analysis of variance) was used to compare
the inter-group means of clinical indices and ra-
diographic bone loss while Shapiro-Wilk was
used to compute the normal distribution of de-
pendent variables. A p-value of less than 0.05
was considered significant.

RESULTS: Sixty-three patients (35 males and
28 females) were part of the study out of which 32
were non-diabetics and 31 were T2DM patients. A
total of 188 implants (124 NDISCs and 64 NDISPs)
having moderately roughened topography were
used for the study. The mean glycated hemoglo-
bin in the non-diabetic group was 4.3 while that
in the T2DM group was 7.9 with an average dia-
betic history of 8.6 years. Peri-implant parame-
ters, including Pl, BoP, and PD, were compara-
ble between the single crown and splinted crown
groups. However, there was a statistically signif-
icant difference in Pl, BoP, and PD when a com-
parison was made between the non-diabetes and
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T2DM groups (p<0.05). An overall 88% of the pa-
tients were satisfied with the esthetics of the
crowns while 75% of the subjects were satisfied
with the function of the crowns.

CONCLUSIONS: Narrow diameter implants of
both types had satisfactory clinical and radio-
graphic outcomes within non-diabetic and di-
abetic individuals. However, clinical and radio-
graphic parameters were worse in type 2 diabe-
tes mellitus patients when compared to non-di-
abetics.
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Introduction

The increasing numbers of diabetic individuals
are a cause of grave concern to the healthcare indus-
try worldwide'. Type 2 diabetes mellitus (T2DM) is
due to either defective insulin production or com-
promised insulin action or a combination of both.
Chronic hyperglycemia leads to a vast variety of
complications®. Increased blood sugar irreversibly
injures the vascular endothelium and causes retinop-
athy, neuropathy, nephropathy, cardiovascular and
various other pathological changes®. Similarly, the
oral cavity undergoes skeletal and mucosal changes
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as a sequel of long-standing diabetes mellitus. Pro-
longed hyperglycemia may cause pathology of the
vessels leading to the proliferation of osteoclasts and
inhibition of osteoblast’. Additionally, high blood
sugar may cause an exaggerated immune response
raising the gingival, serum and salivary levels of in-
terleukins and tumor necrosis factor-o, worsening
inflammation of oral tissues®. This is the possible
etiology behind the high incidence of periodontal
and peri-implant inflammation, and tooth loss in di-
abetic individuals®’.

Previously, implant therapy was believed to be a
contraindication in type 2 diabetes mellitus because
of the associated microvascular complications. How-
ever, it has now been proven that dental implants can
be placed in such patients with predictable results®.
Although peri-implantitis characterized by bone
loss and mucosal inflammation is markedly high
in T2DM because of the accumulation of advanced
glycation end-products, implants are a viable solu-
tion to the higher incidence of tooth loss in diabetes’.

Implant-supported restorations are the widely
acceptable long-term solution for tooth loss, pro-
vided the health of soft and hard tissues around
the implants are maintained through stringent oral
hygiene measures. A recent cost-effective impro-
visation to the regular diameter implants (RDI) is
the narrow diameter implants (NDI) which can be
effectively used where mesiodistal bone thickness
is inadequate, particularly in the incisor region'®!".
The frequently used implant-supported single
crown restorations have the advantage of better
hygiene control, convenient repair, and greater
comfort to the patient'>. However, the concept
of narrow diameter implants supported splinted
crowns (NDISP) and single crowns (NDISCs)
in patients with diabetes remains uninvestigat-
ed. This study, therefore, aims to compare the
peri-implant health of splinted and single crowns
supported by NDIs in the anterior mandible of
non-diabetics and patients suffering from T2DM.
The peri-implant bone loss, probing depth, plaque
index, technical complication, and patient satis-
faction parameters were then compared between
healthy individuals and T2DM.

Patients and Methods

Study Design and Ethical Adherence

A cross-sectional clinical study was conducted
in accordance with the principles of the Declara-
tion of Helsinki where the clinical peri-implant
and prosthodontic parameters were assessed. All

the participants were called to fill out the data
form that elucidated the details pertaining to the
purpose and methodology of the current study.
They were also required to provide details of the
duration of diabetes, family history of diabetes,
and brushing habits. The participants then gave
their informed consent to be a part of the research.
The ethical committee of specialist dental prac-
tice and clinical research center (UDCRC-RB-
036-21-), Riyadh, Saudi Arabia.

Inclusion and Exclusion criteria

Both healthy individuals (HbAlc <6) and di-
abetic patients (HbAlc >6) were included if they
were 25 years or greater, had single and splinted
crowns supported by NDIs in the anterior mandi-
ble region, and had a follow-up of a minimum of
10 years. Patients were excluded if they had un-
dergone bone augmentation surgery, were chronic
smokers, or had compromised periodontal health.
Patients who did not have baseline radiographic
data or were completely edentulous were not in-
cluded in the study.

Screening of Implants and Prosthesis

All the implants with a diameter of 2.9 mm
and lengths of either 10 or 12 mm were placed at
the bone level and had moderately rough surfaces.
Patients received either splinted or single crowns
in the anterior mandible in keeping with the stan-
dard protocol. One hundred and twenty-five resto-
rations were screw-retained, and 63 implants were
cement-retained with the help of cast abutments.
A detailed radiographic assessment was done us-
ing periapical radiographs. Age and gender of the
patients, the number of implants, restoration type,
periodontal conditions, length and location of the
implant, implant survival, technical complication,
follow-up period and peri-implant conditions
were recorded by one trained examiner.

Patient Satisfaction

A questionnaire containing questions related
to function and esthetics of restoration was filled
by all participants. The participants were required
to answer sections containing the Likert scale
ranging from ‘extremely satisfied’ to ‘extremely
dissatisfied.

Assessment of Technical Complications

A detailed examination was carried out to
check for loosening or fracture of implant or
abutment screw, chipping of crown and/or loss of
retention.
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Clinical Peri-Implant Parameters

Following the recording of baseline data, a
trained examiner examined the dental implants and
recorded all the clinical peri-implant readings. In-
ter examiner reliability measurement using kappa
was 0.90. Plaque index (PI) and bleeding on prob-
ing (BOP) were recorded at six sites (mesiobuccal,
distolingual, mid-lingual, distobuccal, mid-buccal,
mesiolingual) as 1 if present or 0 if absent. A grad-
ed periodontal probe (UNC-15 Hu-Friedy, Chica-
go, IL, USA) was used to assess the probing depth
to the nearest mm. The mesial and distal crestal
bone was also measured to the nearest mm.

Radiographic Assessment

A trained examiner who was blinded to the
study groups carried out the radiographic anal-
ysis. Digital periapical radiographs were record-
ed and evaluated on a computer display screen
(Samsung SyncMaster digital TV monitor, Seoul,
Korea) using an image analyzer (Scion Image An-
alyzer, Scion, Frederick, MD, USA). Peri-implant
bone loss was calculated as the total vertical dis-
tance from the crest of the alveolar bone to the
topmost supracrestal part of the dental implant®.

Statistical Analysis

A specialized software (SPSS v 21, Armonk,
NY, USA) was utilized to carry out the statistical
analysis. A p-value of less than 0.05 was inter-
preted as significant. ANOVA (one-way analysis
of variance) was used to compare the inter-group
means of clinical indices and radiographic bone
loss. Shapiro-Wilk was used to compute the nor-
mal distribution of dependent variables.

Results

Table I shows the basic demographics of the
study participants and their diabetes history and

Table I. Baseline demographics of the study participants.

brushing habits. A total of 63 participants were
included in the study out of which 32 were non-di-
abetic while 31 subjects were suffering from
T2DM. In the non-diabetic group, 19 were males
and 13 were females whereas 16 males and 15
females were included in the T2DM group. The
mean HbAIC in the non-diabetic group was 4.3
while that in the T2DM group was 7.9 with an
average diabetic history of 8.6 years. Only 5 indi-
viduals in the non-diabetic group, while 18 T2DM
participants had a family history of diabetes. Six-
ty-two percent of the participants in the non-dia-
betic group brushed their teeth once a day while
the rest of the 38% were habitual of brushing
twice a day. In the T2DM group, 84% of the indi-
viduals had a habit of brushing once a day and the
remaining 16% brushed their teeth twice a day.

Table II demonstrates the characteristics of
all the implants used in the study participants. A
total of 188 (124 NDISCs and 64 NDISPs) plat-
form-switched NDIs having moderately rough-
ened topography were used in the study. Of the
124 NDISCs, 64 were placed in the non-diabetic
individuals and 60 were placed in T2DM group
whereas 32 NDISPs each were placed in both di-
abetic and non-diabetic study groups. All the im-
plants used had a 2.9 mm diameter placed at bone
level and loaded at approximately 3 months. Out
of the 188 implants used, 136 were 10 mm, and 52
NDIs were 12 mm in length, whereas 125 were
screw-retained and only 30 were cement-retained.
In the non-diabetic group, NDISCs were in func-
tion for 14.5 years while NDISPs were in function
for 13.2 years. In the T2DM group, NDISCs were
in function at 11.8 years whereas NDISPs were
functional at 12.9 years.

Table III depicts the soft and hard peri-implant
tissue parameters around NDISCs and NDISPs
within the non-diabetic and T2DM groups. PI
and BoP in the non-diabetic group were mea-
sured as 25.4% and 12.3% and 28.3% and 15.6%
around NDISCs and NDISPs, respectively. In the

Non-diabetic T2DM

Number of patients 32 31
Male/Female 19/13 16/15
Mean HbAlc (SD) 43+0.8 79+1.2
Mean duration of diabetes in years (SD) NA 8.6+3.5
Family history of diabetes (n) 5 18
Tooth brushing (%)

Once daily 62 84

Twice daily 38 16
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Table Il. Implant-related description within the study group

S.

Non-diabetic T2DM
Parameters NDISC NDISP NDISC NDISP
Total number of implants 64 32 60 32
Depth of placement BL BL BL BL

Implant design
rough surfaces

PS with moderately PS with moderately
rough surfaces

PS with moderately PS with moderately
rough surfaces rough surfaces

in function (in years)

Implant length (10/12 mm) 44/20 and 2.9 mm 20/12 and 2.9 mm 519 and 2.9 mm  21/11 and 2.9 mm
and diameter

Implant loading after 34+0.5 35+04 37+£04 32+0.2
placement (in months)

Type of restoration 55 SR/9 CR 12 SR/4 CR 49 SR/11 CR 9 SR/6 CR

Duration of implants 145+24 132+1.5 11.8+1.2 129+ 1.7

NDISC: narrow-diameter implant supporting single crowns,
bone-level, SR: screw-retained, CR: cement-retained.

NDISP: narrow-diameter implant supporting splinted crowns, BL:

Table Ill. Peri-implant clinical and radiographic status among nondiabetic and diabetic groups.

Non-diabetic T2DM

Peri-implant parameters NDISC NDISP NDISC NDISP
Plaque index (% of sites) 254 +£58* 28.3 +6.6* 36.7+8.18 39.5+7.18
Bleeding on probing (% of sites) 12.3 +2.6* 15.6 £ 2.9A* 26.8 +6.3° 28.2+6.98
Probing depth (in mm) 3.3+044 3.1+£0.3% 3.9+0.58 3.8+0.68
Crestal bone levels (in mm)

Mesial 1.13 £0.034 1.05 £ 0.054 1.67 £ 0.088 1.62 £ 0.09®

Distal 1.19 = 0.06* 1.11 £0.044 1.59 £ 0.098 1.71 £0.098

Dissimilar upper-case letters (A and B) indicate statistical significance at p<0.05.

diabetic group, the PI and BoP were recorded as
36.7% and 26.8% and 39.5%, and 28.2% around
NDISCs and NDISPs, respectively. The mean PD
in the non-diabetic group was 3.3 mm and 3.1
mm around NDISCs and NDISPs, respectively
whereas in the diabetic group it was 3.9 mm and
3.8 mm around NDISCs and NDISPs, respective-
ly. The mesial crestal bone level in the non-dia-
betic group was 1.13 mm and 1.05 mm around
NDISCs and NDISPs, respectively whereas in the
T2DM group it was 1.67 mm and 1.62 mm around
NDISCs and NDISPs, respectively. The distal cr-
estal bone level in the non-diabetic group was re-
corded as 1.19 mm and 1.11 mm around NDISCs
and NDISPs, respectively whereas in the T2DM
group it was recorded as 1.59 mm and 1.71 mm
around NDISCs and NDISPs, respectively. All the
clinical readings showed no significant difference
when an inter-group comparison between NDISC

and NDISP was made. However, there was a sig-
nificant difference in all parameters between the
non-diabetic and T2DM groups.

Table IV demonstrates the technical com-
plications and peri-implant bone loss in the two
types of prosthesis in diabetics and non-diabet-
ics. Chipping and loosening of crowns were the
commonest reported technical complication. In
the non-diabetic group, 39.2% of participants
with single crowns and 15.6% of participants with
splinted crowns reported technical complications
while in the diabetic group, 26.3 % of participants
with single crowns and 8.1% of participants with
splinted crowns reported technical complications,
showing a significant difference in both groups.
The peri-implant loss was insignificant in the
non-diabetic (1.08 and 1.13 in single and splinted
crown, respectively) and T2DM (1.61 and 1.68 in
single and splinted crown respectively) groups.
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Table IV. Influence of type of prostheses on technical
complications and peri-implant bone loss.

Technical Peri-implant
complications bone loss
Non-diabetic
Single crown 39.2% 1.08 £0.03
Splinted crown 15.6% 1.13 £0.02
p-values 0.039 0.91
T2DM
Single crown 26.3% 1.61 +0.06
Splinted crown 8.1% 1.68 +0.05
p-values 0.025 0.84
Table V. Overall patient satisfaction.
Satisfied Unsatisfied

patients (%) patients (%)

Esthetics 88.3% 13.6%
Function 74.5% 28.9%
Overall satisfaction 14.7 +£4.55

(mean VAS and SD)

Table V shows the overall patient satisfaction.
88.3% of the patients were satisfied with the es-
thetics of the implants while 74.5% of the patients
showed satisfaction with function. 13.6% of the
patients were not happy with the esthetics where-
as 28.9 % of the patient’s showed dissatisfaction
with the function of the implants.

Discussion

This cross-sectional study was carried out with
the aim to assess and compare the patient con-
tentment, peri-implant parameters, bone loss, and
technical complications involved with NDISCs
and NDISPs in T2DM patients and non-diabetics.
The results of the current study depicted appre-
ciable patient satisfaction with minimal technical
complications contributing to the overall success
of the implants. Although all the implants were
nearly placed for more than a decade, the peri-im-
plant parameters were quite sound reflecting scru-
pulous oral hygiene habits followed by the study
subjects!*!3, Kaplan-Meier survival analysis could
have given an exact figure of implant survival
rates and hence, the functioning of NDISCs and
NDISPs at large'.

All the clinical parameters (PI, BoP, and PD)
were significantly different between diabetics
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and non-diabetics. The significantly greater
readings in the T2DM are in line with previous
studies'”" and can be explained by the proposal
that a sustained inflammatory activity concom-
itant with diabetes mellitus increases the poly-
morphonuclear leucocytes and other inflamma-
tory mediators?, leading to an accelerated rate
of periimplantitis. Additionally, the elevated
glycosylated hemoglobin levels in T2DM pa-
tients negatively alter the maturation and main-
tenance of extracellular matrix and collagen
in the peri-implant tissues causing further tis-
sue destruction?'. It has been reported that the
duration of hyperglycemia is strongly linked
with the severity of periodontal inflammation’.
The average duration of diabetes in the present
study was 8.6 years which may be considered
to be responsible for the increased peri-implant
parameters. Chronic hyperglycemia and ad-
vanced glycation end-products are connected
with the augmented synthesis of proinflamma-
tory cytokines namely interleukins and metal-
loproteinases®. The current study, however, did
not carry out the molecular analysis of either
the gingival crevicular fluid or the peri-implant
sulcular fluid. Therefore, the cause and relation
cannot be established on the basis of clinical
and radiographic data alone.

Interestingly, the brushing habits were strin-
gent among the non-diabetics, with almost double
the percentage of subjects brushing twice a day
compared to the diabetics. This could have possi-
bly contributed to the worsened peri-implant pa-
rameters in the T2DM group.

The clinical and radiographic recordings of
NDISCs and NDISPs were insignificantly dif-
ferent. These findings corroborated with those of
previous studies®*?, which reported a minimal
difference in the MBL between the splinted and
non-splinted groups. This is a possible indication
that both NDISCs and NDISPs are equally ef-
fective in preventing peri-implant marginal bone
loss.

In both the non-diabetics and T2DM groups,
the technical complications around NDISCs
were significantly higher compared to those
around NDISPs. The loss of implant reten-
tion and chipping was commonly seen in the
NDISCs, a finding corroborating with previous
research®*. A possible explanation for the dif-
ference could be a better stress distribution in
the splinted restoration reducing the risks of
fracture and loss of retention and eventually
preventing bone resorption®.
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Limitations

There were some limitations in the current
study. It was a cross-sectional study, and all the
parameters were recorded at one point in time.
A follow-up study using Kaplan-Meier survival
analysis for the NDIs could have yielded more
accurate results. The smoking history of the sub-
jects was not known which is a proven factor in
determining clinical and radiographic peri-im-
plant parameters®*?’. In addition to clinical and
radiographic parameters, microbiologic analysis
of the sulcular fluid could have yielded better re-
sults. Future studies could also carry out the cy-
tokine analysis of the sulcular fluid to accurately
evaluate the extent of inflammation.

Conclusions

Narrow-diameter implants with single and
splinted crowns had a satisfactory clinical re-
sponse among non-diabetic and diabetic pa-
tients. However, clinical, and radiographic pa-
rameters were worse in type 2 diabetes mellitus
patients when compared to the non-diabetics.
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