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Abstract

Objectives: The objective of this prospective, controlled clinical study was to determine the
outcomes of dental implant therapy with staged guided bone regeneration procedures in patients

with type 2 diabetes.

Patients and methods: Twenty-four patients were included in the study. Half of the patients were
diagnosed with lype 2 diabetes mellitus {group 1} while the other half {group 2} of the patients
cansisied of patients without diabetes. The edentulous maxillary anteriorfprenolar regions with
sufficient vertical height but inadequate horizontal width were treated with staged guided bone
regeneration technique and with one or two implant-supported fixed restorations. The patients
were followed up at least for 12 months, The parameters that were evaluated were radiographic
evaluations on CBCT images and periapical radiographs, histomorphometric analysis, resonance
frequency analysis (RFA} and wound-healing parameters. The data were analyzed statistically.
Results: A total of 43 implants were placed in 24 patients {22 implants in group 1 and 21 implants
in group 2). The survival rates of implants were 100% for both groups. The success rate of implants
was 95% for group t and 100% for group 2. None of the parameters including CBCT findings, RFA

values, success rates and wound-healing scores showed a significant difference between the two

groups,

Condlusion: Staged guided bone regeneration is a feasible augmentation procedure for the
treatment of horizontal bone deficiencies of the maxillary anteriorfpremolar regions in well-

controlled type 2 diabetic patients.

Diabetes mellitus (DM) is a chronic discase
characterized  with  hyperglycemia  and
deranged metabolism, which result in various
scrious  complications  including  acquired
blindness, kidney faiture, neuropathy, myo-
cardial infaretion and non-traumatic linp

amputation, It is a worldwide cpidemic dis-

case with a prevalence of as high as 15-22%

in Turkey [Satman et al, 2013). The major
subtypes of the discase are type | and type 2
DM. While type | DM develops most coni-
monly with autoimmune pancreatic p-cell
destruction and accounts for 5-10% of the
diabetie population, type 2 DM is associated
with insulin resistance and relative insulin
deficiency  with various metabolic  distur-
bances and accounts for 90-95% of the dia-
hetic subjects [Scully & Cawson 2005).
Because of the microvascular complications
seen in DM, it is considered as a relative con-
traindication for dental implant therapy by
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some authars {Dowell ct al. 2007), Therefore,
success of dental implants in paticnts with
diabetes has been the topic of many preclini-
cal and clinical studies {Farzad ct al. 2002
Mealey 2006; Erdogan ct al. 2010).

It is known that DM, is associated with
increased rate of periodontal disease and bone
resarption (Mealey 2006). Safety of implant
therapy with or without hone augmentation
procedures in patients with diabercs is still
controversial. The lterature contains some
data about the success rate of dental implants
in non-augmented bone. The success rate of
dental implants in patients with DM varies
between 68% and 100% {Tawil ct al 2008;
Erdogan ct al. 2010), The data regarding the
success rate of alveolar bone augmentation in
DM are less conclusive. Clinical studies,
which evaluated the outcomes of bone aug-

mentation  techniques, most  commonly
excluded paticnts with DM. Limited number
1
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of studics is present that evaluated the sue-
cess of some alveolar bone augmentation
techniques in patients with diabetes. The
augmentation techniques applicd in shese
studics included sinas floos augmentation,
guided bone regeneration and pnlay autoge-
nous bone augmentation. The survival rate of
implants placed in grafted hbonc varied
between 25% and 100% {[Farzad ct al. 2002;
Stz’ickgr ct al. 2003; Schwartz-Arad ot al,
2085; Huyph-Ba cval. 2008, Tawil et al.
2008).

Guided bone regencration [GBR) technique
is a bonc augmentation procedure in which
OSLCORCNICSIS  occurs the  alveolar
defect site that is mechanically prevented
from undesirable tissucs participating in the
healing process (Buser 2009), Fr can be con-
ducred as a scparate procedure to augment

within

the alveolar bone prior to implant placement
{staged GBR] or in a single
simultancously  with  Lmplant  placement
[Himmerle ctal. 2008; Urban ct al. 2011,
Block ct al. 2012} A number of clinical stud-
ics demonstrated thar implants placed in
regenerated hone by staged GBR procedurc
have acceptable long-term owtcomes [Chiap-
asco et al. 1999; Buser et al, 2802; Donos
er al, 2008). The aim of this prospective,
-clinical controlled study was to determine
the outcomes of deagal implant therapy with
staged GBR procedures in type 2 patients
with diabetes. The primary and sécondary

procedure

pazameters appointed for this study were
gain in alveolar bone width after the bone
augmentation procedure and the amount of
marginal bone loss after 1 year loading,
respectively, as  these  paramcters  widely
SCTVC as major paramcters in the previous
studics (Christensen ¢t al. 2003; Himmerle
ct al. 2008; Donos et al. 2008, Misch cr al.
2008; Urban ce al. 2011; Clemontini ot al.
2013).

Paticnts and methods

Study design

The study was designed as a clinical, prospec-
tive, cohort, and  controlled
study. The patients were recruited from the
Department of Oral Diagnosis and Radiology
of the Faculty of Dentistry and {rom the
Departmient of Endocrinology of the Faculry
of Medicine [Cukurova University, Adana,
Turkey). Thirty patients, who accepred to
participate, were recruited. Half of the
patients were in diabetic group {group 1} and
the other hall consisting of patients without
DM were in the control group [group 2}

longitudinal
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Dental indication

Localized cdentulous maxillary anterior or
premaolar region with at least 10 mm vertical
height and <5 mm bucco-palatal [horizontal)
width was sclected as the rreatment site. The
edentulous sites were augmented with GBR
technique in a separatc procedure, and then
the patients were trcated with onc or two
implant-supported  fixed restorations,  For
paticnts, who had multiple implant place-
ments, only one cdentulous region was con-
sidered for the study, Edentulous sites other
than the maxillary anterior and premolar
regions or with scverc alveolar bone loss,
which require more advanced augmentation
procedures, were excluded,

Diabetic inclusion/exclusion criteria

The patients in group 1 were patients with
type 2 diabetes, whose diagnosis had been
made at feast 5 years ago. All patients were
on active medical treatment and recciving
oral medications, insulin or combination
therapics, Their previous diabetes history
was confirmed with the physician’s report,
The diabetic status of the patienes was mod-
crately or well controlled (Sacks ¢t al. 2011),
Namely, preoperative HbAlc levels were
between 6% and 7.5%., Patients with type 1
DM, diagnosed <5 years ago or with HbAlc
level above 7.5% or <6%, were excluded. The
HbAle levels of the paticnts were mceasuarcd
1 week belore the bone augmentation surgery
at the same laboratory.

Systemic exclusion criteria

Paticnts, who had any of the following condi-
tions, were excluded from the study: Current
smoking, metastatic cancer, previous radia-
tion therapy in maxillofacial region, scvere
heart  failure, thyrotoxicosis, ostcoporosis
requiring active medical treatment, active
alcoholism or drug abusc, significant hemato-
togical disorders, end-stage renal or liver dis-
case, immunocompromised status including

HIV, chronic usc of steroids or NSAIDs, and

" physical or mental handicaps, which hinder

compliance to the study.

Bone augmentation pratocol

The edentulous maxillary anteriorfpremolar
regions with sufficient vertical height but
inadequate horizontal widch were included.
Al patients had cone beam compured tomog-
raphy [CBCT] scanning preoperatively, The
bone avgmentation technique of choice was
staged GBR with 50-50% mixture of autoge-
nous bone and synthetic bone substitute
(Straumann Bone Ceramie, Straumann, Swit-
zerland) plus collagen membranc (Bio-Gide,

Geistlich, Switzerland).  Autogenous  bone
was harvested from the mandibular ramus
area with bone scrapers. The implants were
placed 5 months after the bone augmenta-
tion. The prostheses were delivered 4 months
after the implant placement,

Treatments

tnitial dental diagnastic visit

Patients, who accepted to participate, 8lled a
detailed informed consent form. They were
informed about the purpose and the protocol
of the study, the potential complications and
the benefits from the treatment. The sendy
was approved by the Cukurova University
Ethical Review Committce {Report no: 2010-
4} and carricd out in accordance with the oth-
ical rules of the Declaration of Helsinki. Pan-
oramic radiographs, CBCT scans, and
impressions  for  diagnostic  casts
obtained from all patients ae the initial visit,
Vertical and horizontal bone volumes were
evaluated in the CBCT images, The patients
with horizontal bone width <5 mm werc
appointed for bene augmentation surgery.

WCle

Bone augmentation surgery

Staged GBR technique was used in this
study. All surgeries were performed at the
Department of Oral and Maxillofacial Sur-
gery clinics under local anesthesia and with
IV scdation if needed. All patients received
cither 2 g, amaoxicillin or 600 mg. clindamy-
cin [patients allergic to penicillin) orally or
their intravenous cquivalents for prophylac-
tic antibiotic coverage, 1 h before the surgi-
cal procedurc. For providing local anesthesia
and hemostasis, with adcquate
amount of cpineplirine was used. The vital
signs of the patients were monitored during

articaine

the surgery. Initially, the recipient sitc was
exposed using a full thickness, rectangular
mucoperiosteal flap. Depending on the size
of the recipient site, the amount of bone
graft material was determined. Through a
linear incision at the mandibular malarfrer-
romolar region, the alveolar hone was
cxposcd.  Autogenous hone was  collected
with scraping technique from the alveolar
cortical bone by using bone scrapers. (Ebner
502-Grafter, Maxilon Labs, Hollis, NH,
USAl The autogenous bone collected from
the donor sitc was mixed with the same
amount of synthetic biphasic calcium phos-
phate (Straumann Bone Ceramic, Basel, Swit-
zerland), Afeer drilling small perforations at
the rccipicnt site for better vascular supply,
the gralt material was applied. A eollagen
membrane (Bio-Gide, Geistlich, Swizerland)
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was placed over the graft material, Horizon-
tal cuts were made under the periostenm of
the flap o extend the flap to cover the aug-
mented region without rension. Flaps werg
sutured with 4.0 Vyeril suturcs. Patients
were prescribed antibiotic, antiseptic mouth-
wash and analgesics to use in the postopera-
tive periad,

Implant surgery

The pﬁaticms were recalled 5 months after
the bone augmentation swigery for implant
placcment. The surgeries were performed
under local anesthesia and IV sedation if
needed. The same premediearion and post-
operative medication protocol used in the
first surgery were applied. A mucoeperiosteal
flap was raised and implant site osteotomics
were prepared sccording to dental implant
manufacturer’'s  recommendation
using a trephine deill instead of piloc drill
e colleet bone biopsy for histological evalu-
ation.  Afrer the trephine drill, standard

execpt

Straumamn dental implant system (Institute
Straurnann, Bascl, Switzerland) protocol was
followed for implant placement. Depending
en the amount of vertical height, 10 mm or
12 mm long, and 4.1 mm wide, hone level
implants with chemically modified hydro-
philic surface {Stactive®, Straumann, Basel,
Switzerland} were placed. If the implant
replaced the 2nd incisor woth, a 3.3-mm-
wide implant was installed. After the inscal-
lation of “implants, the flaps were closed
primarily.

Prosthetic treatment

The patients were recalled 4 months after
the implant placement for prosthetic treat-
ments. After the exposare of the implants
and placement of healing abutments in the
firse visit, standard prosrhetic treatment pro-
tocol  was  followed. Two crowns  were
splinted  if two  adjacent implants werc
restared, All regions were rehabilitated with
fixed restorations, The patients used interim
removyable partial dentures during the healing
and prosthetic treatment periods.

Interpretation of data

After the delivery of the prosthesis, the
patients were recatled every 3 months until
the 12¢h month for clinical and radicgraphic
cvalustions. Dental  periapical radiographs
were obtained in cach visit, The observer of
the radiographic paramcters was blinded to
the patient’s identity. The observers of the
clinical parameters were aware of patient's
identity, The parameters that were evaluated
in the study were as follows,

Erdogan er al - Bonc augmentation in paticnts with type 2 diabetes

N
Qutcomes of augmentation procedure based on the
CBCT evaluations
Cone beam  computed  tomography  scans
were abtained from all paticnts with Huma
Cone Beam CT Scanner {Imtee Imaging, LLC,
Ardmore, OK, USA} two times; before the
augmentation  procedure and  belore  the
implant placement surgery. The exposure
parameters were sct as 120 kVp, 3.8 mA, and
20 s. The alveolar ridge width was measured
at the axial planc. A vertical line, which is
on the bisccting angle berween the palatal
amct buccal cordical bones, was drawn from
the tip of the alveolar crest to the base of the
alvcolar bone. The buccal-palacal widch at
the 4 mm coronal aspeee of the osscous crest
on this line was considered as the crestal

width, The region of intcrest was standard-
ized for cach patient by making the measure-
ment  at the same  distance from the
neighboring tooth, The difference in net bone
width gain was compared between the dia-
betic group and the control group. The mea-
surerment method is shown in Fig, 1,

Periimplant marginal bone ievel changes

They were caleulated from the implant neck
w0 the erestal bone level using standardized
periapical radiographs by means of parallel
technique. Ta have a consistent method of
data colleetion, all radiographs were taken by
the same  investigator. The X-ray unit
was operated at 60 kVp, 10 mA, and 0.3 s.
The measurements were performed using

Fig. 1. Measurement method of the alvenlar crest width; A vertical line, which is on the bisecting angle between
the palaral and buceal cortical hones, is drawn from the tip of the alveolar crest to the base of the alveolas bone,
The buccal-palatal width at 4 mm apical 10 osseous crest is measured. {al preoperative measurement {b) same

patient 5 months alter the augmentation procedure,
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image-analyzing software {Image J, version
1.331; Wayne Rasband, Nadonal Institutes of
Health, Bethesda, MD, USA}L All radiographs
were  individually calibrated according to
implant length. Periimplant bone level was
determined by mceasuring  the  distance
between the implant shoulder and the first
crestal bone-to-implant contact on  mesial
and distal aspects of implants. Mesial and
distal values werc averaged to obtain a single
bone level value per implant. Bone level at
the time of implant placement was compared
with thar at the time of last {ollow-up visit.

Histologic evaluation

Bone biopsics that were collected during the
implant  placements underwent  histologic
evaluations after preparing undeealcificd his-
tologieal sections. The scctions were prepared
using an clectric diamond saw and grinding
systemn {Exakt; Exake Vertricbs, Norderstedt,
Germany). The 50-pm-thick sagittal scotions
were prepared and stained with  toluidine
bluc. The samples were examined under light
mieroscope {Olympus BX50, Olympus Corp,
Tokyo, Japan). The sections were evaluated
with regards o newly formed bene, residual
hone substitute particles, marrow space and
the condition of the pristine bone. Neither a
~qualitative nor a quantitative histological
comparison between the groups was made
because of the limited number of samples.

,\

The course of postsurgical healing

It was determined with a standardized clini-
cal cvaluation grading system. The wound
healing both ar the recipient and donor sites
were graded ar 7eh and 14th postoperative
days by the same surgeon, who performed
the surgeries. The following scheme was
used for scorings: 1 = no exposure, no drain-
age [pus or exudates), no inflammation, and
1o pain; 2 - no expesure, no drainage [pus or
exudates), mild inflammation, and mild pain;
3 ~ noe exposure, active drainage [pus or cxu-
dates), severe inflammation, and mild-severe
pain; 4 = cxposure of bone or graft, active
drainage {pus ar cxudates), severe inflamma-
tion, and persistent pain.

Implant s1ability measurement

Resonanecr frequency analysis {RFA| measure-
ments were performed 1a two perpendicular
dircetions (mesio-distal and ore-facial), and a
mean value was caleulated for each implant,
RFA was performed at implant inscrtion and
at implant leading {4 months postopera-
tivelyl. For this study, the wircless deviee
was uscd [Ostell Mentor®, Integration diag-
nostics AB, Sivedalen, Sweden).
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The clinical success rate at the 1st year ]

It was cvaluated 12 months after the delivery
of the prostheses. The particular implant was
accepted as successful if the corresponding
implant has {1) no pain or tenderncss upon
funetion [2) no mobility [3} no exudates his-
tary and {4} <2 mm radiographic bone loss
from initial surgery {Misch et al. 2008},

Statistical anélysis

The data were analyzed with SPSS 1.1.5 soft-
ware for Windows (SPSS, Chieago, IL, USA}
statistically, and the level of significance was
sct at # = 0.05. The sample size of the study
was derermined based on the power analysis
considering important mean difference in
alveolar wideth gain as 1 mm, standard devia-
tion 0.5 mm for hoth groups, significance
level 0.05, and power 0.80 {A priori; compute
N, given alpha, power, ES: GPower 3.1, Uni-
versity of Dusseldorf, Germany} The estimate
af the bone width gain was obtained fram the
study by Himnerle et al. {2008). Data distri-
bution was assessed using Kolmogorov-Smir-
nov rest, There was normal distribudion for
all continuons variables. Duc to the small
sample size, a nonparametric test — Mann-
Whitney U-test — was used for the compari-
sons of implant sitc parameters [wound-heal-
ing scores and CBCT measurements),
implant stability mcasurements, and mar.
ginal bone level changes. As the patient is
the independent variable of the study, the
RFA scores and marginal bone loss values
were averaged (o a single value for patients,
whao received more than ene implant install-
ments, Chi-square test was used for compari-
son of the suceess rates.

Results

A total of 30 paticnts weee recruited for the
study. The study was conducted berween
December 2010 and December 2013, Three
paticnts from cach group were exeluded. One

. female patient in group 1 stated that she

experienced several occasions of hypoglyce-
mic states during the first postoperative week
after the augmentation surgery, She refused
to  continue thC treatment, Twu UthL‘l’
paticnts exeluded  because of  the
abscnee of bone formation at recipient site

WCre

that were detected during the implant place-
ment surgerics, Implants could not he placed
in these patients and they were exciuded as
well. These patients were treated with tooth-
supported restorations. Thercfore, this group
consisted of 12 patients. In group 2, there
were carly flap opening and loss of bone graft
in one patient. Another two patients could
not undergo implant placement procedure
hecause of the absence of hone formation at
the sugmentation site, These patients under-
went onlay block graft augmentation proce-
dures in the 2nd surgery. These 3 patients
were also excluded from the study. Therefore,
this group consisted of 12 patients as well,

The mean ages of the patients in gromup 1
and group 2 were 52.6 £ 7.3 and 495 + 9.3,
respectively. There were 7 females and 5
males in the graup 1 and 5 females and 7
males in group 2. There were noe significant
ditferences between the groups with regard to
age and gender {P > 0.05). The duration of
diabetes, initial fasting glucose levels, and
initial HhAlc levels of patients in the group
I were shown in Table 1.

Restorative treatment

A twtal of 43 implants were placed in 24
paticnts (22 implants in group 1 and 21
implants in group 2] Al implants were
restored with coment-retained single crowns,
splinted two adjacent crowns or bridges. All
implants were restored successfully and they
survived up to last follow-up visit at the 12th
month, In group 1, 7 implants replaced the
incisor tecth {Ist and 2nd incisors), 3
implants replaced the canine teeth, and 12
implants replaced the premoelar teeth, In
group 2, 9 implants replaced the incisor
teeth, 4 implants replaced the canine tceth,
and 8 implants replaced the premolar teeth,
Nonc of the implants had the clinical symp-
toms including pain, tenderness upon fune-
tion, and mobility of the implant and
cxudates history {Fig. 2).+

Alveolar bone width gain

The mean gain in alveolar bone width was
296 £ 059 mm in group 1 and 2.86 +
0.64 mm in group 2. This diffcrence between
the two groups with regard to gain in alveolar
bone width was not significant between the
two groups (P = (1.05; Table 2).

Fahle 1. Mean and median values of diabetes mellitus-related parameters of patients in group 1

N Range Median Mean 5D
Duration of diabetes {Years} 12 5-18 75 8.2 3.5
Initial HbA1¢ (%) 12 6.1-1.5 6.8 6.7 ¢.3
95-164 126 126.6 22.8

fnitial fasting glucose level (mg/DI} 12

D 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Lid




Fig. 2. Photographs showing clinical rhases of a patient in group 2 [ai prepperative intranral photograph {
of the recipient site [c} intraoperative photograph showing recipient site aflter gy
brane placemieac jof intraoral photograph showing clinical sicuation
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+

b} intzaoperative photograph showing perforations at the buccal aspect
aft material plicement {d) intraaperative photograph showing recipient site after coltagen mem-
alter 5 months after angmenation surgery |} intraoperative photograph showing healing of grafted site

befere implan: placement. Note the presence of the residual graft particles (8} inraoperative photograph showing bnphimt dsteotomy site with a paralleling pin (b} intraoral pho-

tograph showing clinical situation after placement of healing abuiment (dth month afeer implant place

of abutrent (j} intraorat photagraph showing the definite crown after cementaion.

RN

Table 2. Comparisons of the alveolar bone width measurements between the two groups

Group N Median  Mean SD P Value
Preoperative mean horizontal width (mm} 1 1z 35 3.75 269 023

2 12 3.9 3.98 0.53
Postoperative mean herizontal width (mm) 1 12 6.4 6.81 0.0 0.56

2 12 6.9 6.88 0.81
Gain in horizonial width (rm) 1 12 2.9 2.96 .59 .77

2 12 30 286 0.64

Wound-healing scores

Mean values of the healing scores for recipi-
ent and donor sites at the 7th and the 14th
postoperative days were shown in Table 3.
There significant
hetween the groups for hoth sites and both

were  no differences

follow-up examinations.

Table 3. Comparisens of the healing scores for

implant stability scores

The mean value of RFA measurcinents at
implantation was 55.4 + 6.5 ISQ for group 1
and 59.6 4 4.1 18Q for group 2. The mean

‘value of RFA scores at the prosthesis delivery

phase was 73,7 + 3.5 ISQ for group 1 and
757 £ 3.2 I18Q for group 2. There were no

recipient and donor sites at 7th (1st foltow-up)

and 14th (2nd follow-up) postoperative days (FU, follow-up)
Group N Median Mean ] P value
Healing score for recipient bed 15t FU 1 12 2 2.25 6.75 ;.58
2 12 2 217 0.38
Heating score for recipient bed 2ad FU 1 12 i 1.50 0.52 0.41
2 12 1 1.42 0.79
Healing score for donor site 15t FU t 12 2 2.17 0.33 0,17
2 12 2 1.75 0.45
Healing score for donor site 2nd FU 1 12 1 1.25 0.45 0.28
2 12 1 1.08 0.28

L2014 John Wiley & Sons A/S. Published hy Johi Wiley & Sons Lud

ment) i) intraozal photograph showing clinical situacion after placement

significant differences between the groups for
both RFA mcasurements [P > §.05; Table 4},

Marginal bone loss values

The mean vatue of the marginal bone loss
from the delivery of the prosthescs to the
12th month bascd on digiral periapical radio-
graphs was 1.13 + 034 mm for group 1 and
€.93 + 0.3]1 mm for group 2 [Fig. 3; Table 51,
This difference was not statistically signifi-
cant between the groups (P> 0.05). The
rcan than
2 mm for all implants except for one implant
from group L. A saucer-shaped defect >4 mm
was detected in this implant at the 6th
month after the delivery of the prosthesis,
which was placed in the right 1st premolar
region. For this implant, a proposed periim-
plantitis mansgement protocol was initiated
(Lang ct al. 2000). The progressive bone loss
was climinated, and a stable marginal bone
{evel was achieved 16 months after the deliv-

marginal bonc loss was loss

ery of the crown. According to the success
criteria appointed in this study, this implant
was considered in compromised survival
catcgory; thus, it was not considered as

sticcessful,
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L]

Table 4. Comparisons of the resonance frequency analysis (RFA) measurements between the two

groups
Group N Median Mean sD P value
RFA score at implantation {I5Q Unit} 1 12 56 55.4 . 6.5 0.087
2 12 59 59.6 4.1
RFA score bafore delivery (ISQ Unit) 1 12 72 73.7 3.5 0.148
2 12 75 5.7 3.2

Fig. 3. Periapical obtrined  §2 months

after the delivery of the prostheses from a patient from

radiographs

group 2.

Implant survival rates *

The survival rates of implants were 100% for
both groups. The success rate of the implants
was 95% for group 1 and 100% ifor group 2
1P =005}

Histologic evaluation

In many cascs, hone biopsy could not be col.
iected beeause of the risk of damaging the
implant osteoromy site. Some samples werc
destroyed while retrieving the specimen fram
the trephine diill. They could not untdergo
histologic cvaluation as well. Six specimens
frem group 1 and 5 specimens from groap 2
were suitable for histologic cvaluations. His-
tolagic seceions of all specimens showed evi-
dence of new bone, presence of residual bone
substiture  particles, space
{Fig. 4). In all samples, there was a distinetive
layer of woven bone around the most
cxternal layer of bone substitures. Little

and marrow

connective tissue was present in atl samples,
There was no notahle difference hetween the
samples from group 1 and group 2.

Diiscussion

Diabetes mellitus is a complex systemic dis-
case, which comprises metabolic and vascu-
far components. Although the ctiology is
different,  similar  elinical conditions are
encountered in both subtypes of DM. The
reduced prognosis of dental implant therapy
and related surgical procedures in patients
with diahetes is generally associated wich the
clfeets of DM an wound-healing process, Var-
ibus animal stodics showed that the bone-
healing process was tmpaired in diabetic sub-
lects compared with non-diabetic ones {Kot-
sovilis ct al. 2006). There are several krown
physiologicat factors contributing to wound-
healing deficiencies in paticnts with diabetes,
which include deereased angiogenic response,
growth factor production, collagen aceumula-
tion, macrophage function, and cpidermal
barrier function (Scully & Cawson 2005},
Although most authors do not proposc DM
as a contraindication or a significant risk fae-
tor for dental implant therapy, current litera-
ture suggests somce decrcase in the success
rate in suegical procedurcs associated with
dental implant therapy, The success rate of
deatal implants in patients with DM varies
between 68% and 100% (Balshi & Wolfinger
199%; Fiorcliini ct al. 2000, Farzad et al.
2002; Peled et al. 2003; Moy et al, 2005; Do-
well et al. 2007; Khandelwal et al, 2013},

The rare of complications might be affected

by somce factors in patients with diabetes

including the type of DM, current phycemic
status, and the duration of diabetes. It is
assumed that type 1 DM may have greater
effect on the success of implant treatment
(Salvi et al. 2008). Howcever, the impact of
different types of DM on dental implant

Table 5, Comparison of the marginal bone loss values based on digital periapical radiographs

12 months after delivery of prostheses

Group N Median Mean sD P Value
Marginal Bone Loss {mm) 1 12 1.1 1.13. 0.34 0.225
2 12 0.9 0.93 e
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suceess rate has not been studied so far. This
assumption might be duc to longer cffective
perdod of the discasc, as type 1 DM develops
in the carlier years of the lifespan, Olson
ct al. {2000] have investigated cffects of the
duration of diabetes on implant success, and
they concluded that implant suceess is signif-
icantly associated with the durstion of the
diabetic history, On the contrary, the study
by Tawil ct al. [2608) showed no affeets of
the duration of diabctes on the survival of
implants or cccurrenee of complications such
as periimplantitis.

Gengeral assessment of metabolic control in
DM is gencrally determined hased on heme-
globin Alc (HbAlc} levels. The extent of aly-
cosylation of hemoglobin A is used for long-
term determinacion of general assessment of
patients with disbetes {Scully & Cawson
2005} It increases in the presence of hyper-
glycemia and reflects glucose levels in the
blocd over 6-12 weeks preceding administra-
tion of the test. According to ADA criteria,
the HbAle level should he helow 7% for
well-controlled diabetes mellitus (Sacks cr al.
2011} The level might reach as high as 20%
in uncontrolled cases. Usually, the studies
evaluating the dental implant success rate in
DM exctude the patients with uncontrolled
diabetic status. However, some studics evaly-
ated the patients at difierent glycemic states.
Dowell et al, evaluated the success rate and
complications in patients with type 2 diabe-
tes. They grouped the patients with diabetes
according to their BbAIC levels as well con-
trotled {HbAle level 6-8%), moderatcly con-
trolled  (8.1-10%] and poorly controlled
[(»10%) [Dowell ct al. 2007). There were no
differences between the three groups with
regard to implant success and oceurrence of
complications. Similazly, a recent study by
Khandelwal ct al. (2013} demonstrated clini-
cally successful implant placement even in
poorly controlled patients with diabetces
[HbALC> 7.5-11.4%). A prospeetive study by
Tawil ct al. {2008} showed that significant
statistical corrclation cxists between  the
HhAle level and They
showed that there was inereased number of
implant loss in patients with HbAlc levels
above 7%. However, the number of subiects
was not enough 1o perform a statistical
analysis. The authors concluded that HbAlc
is the important  factor  affecting
implany complication rate. The aim of the
present study was o compare the outcomes
of bene augmentation between the patients
with diabctes and healthy patients. The
HbAlc ievels of the paticnts with diabetes in
the present study were between 6% and

periimplantitis,

nast
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Fig 4. Histologic features of hone specimen obtained sfiee S months of o healing period. iMagnificationl (x|

{al specimen from group | (b specimen from group 2 {8, hone tissue; $.T, soft tissue; G.P, residual sraft particles).

7.5%. We obscrved that comiplication rates
and wound healing did not significantly
changed between the patients with diaberes
and healthy paticnts.

There arc few clinical studics that evalu-
ated the success rate of alveolar bone aug-
mentation in patients with DM, Clinical
studics on bone augmentation rtechniqucs
mostly excluded patients with DM, To our
knowledge cxeept one study conducted by

Tawil et al. {2008] there is no other prospee- .

tive clinical study in the literature dealing
with the outcomces of alveolar bone augmen-
tation procedures in patients with diaberes.
In a retrospective study by Farzad et al,, threc
parients with DM underwent an alveolar
bone augmentation procedure. The type of
the augmentation technique was not men-
tioned in the publication (Farzad ct al. 2002).
Nane of the patients had any complication,
and the grafts have survived in all patients,
{2005] applied onlay
augmentation o four

Schwartz-Arad  ct al.
antogenous  bone

patients with dinbetes and three of the grafis

have failed, The prospeetive study by Tawil
ct al, [2008) cvaluated implant and alveolar
bone augmentation success rates in paticnts
with type 2 DM. The GBR technigue was
used in 20 parients, while sinus lift procedure
was used in 34 paticnts. The success rate
was 85% [or GBR procedures and 91.1% for
sinus lift procedures. In a retrospective study
by Huyn-Ba ct al., the success rates of dental
implants placed in augmented sinus of 7
patients with well-controlled DM were cvalu-
ated. The authors concluded that well-con-
trolled DM is not ane of the predictors of
implant failure for implants placed in aug
mented sinus (Huyuh-Ba et al. 2008). In the
present study, the success rate for implants
in diabetic group was 95%. This success rate
can be considered acecptable in the context
of current dental implantology literature. Of
all patients recruited for the study, two
paticnits from growp 1 and three patients from
group 2 could not undergo implant placement
because of surgical complications and lack
bone formation [fibrous tissue formation)

2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

after the augmentation procedure. These
paticnts had to he excluded from the study as
the study parameters could not be applied.
There are scveral possible reasons for these
complications such as poor compliance to
pustoperative instructions and medications,
mobilization of graft material during healing
phase or idiopathic patient-susgery-related
factors. If the success of the augmentation
procedure was taken into consideration, it
would be 86% for group 1 and 80% for group
2. A study by Himmerle ot al. {2008) used a
similar GBR augmentation method used in
our study, There was lack of bone formation
in 1 of 12 patients corresponding to 91% sue-
cess rate. According to our knowledge, there
arc no universally accepted criteria for cvalu-
ation of the success ratc of implants placed
with staged alveolar bone augmentation tech-
niques, Therefore, we evaluared the success
rate of the treatment according to the condi-
tion of implants that were successfully
placed in augmented ridges as the other pre-
vious studies (Buser ot al. 2002; Hammerle
et al. 2608; Tawil et al. 2008; Urban ct al.
2011; Block ¢t al. 2012).

Guided bone regencration is one of the
moest commonly applicd augmentation proce-
dures in dental implantology. It is generally
conducted with
placciment. However, in cases with more
advanced bone loss, staged GBR is required.
It is difficult to determine a clear indication
for simultancous or staged approach. The
quality and guantity of the available alveolar

simultancously impiant

bone for providing adequate primary stability
of the implant is the essential condition to
choose the type of the GBR procedure. A sys-
tematic review by Donos et al. (2008) demon-
strated that the success rates of implants
placed wirth a staged approach ranged from
75% to 98.3%. Somce variations in the heal-
ing times, materials, and surgical principles
cxist among the previous studies. The time
between the augmentation and re-cnury sur-
gery depend on the material used for GBR
and may be between 4 and 12 months {Buser
ct al, 2002; Christensen ct al. 2003; Donos
ct al. 2008; Himmerle ct al. 2008; Clemen-
tini et al. 2013} In the present study, a rcla-
tively shorter healing time {5 months] was
chosen becausc of the utilization of the
autogenous bone in combination with the
bone substitutc and to shorten the overall
duration of the trcatment. However, the
shortened  healing  peried  resulted  in
decrcased mincralization level of the bone
regencrate at the augmentation site, The pri-
mary stability of the implants was relatively
low according to surgeon’s tactile fecling and
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Erdogan ct al Bone augmentation in patients with type 2 diabetes

it was confirmed by the RFA analyses. An
equal mixture of autogenous bone chips and
a synthetic hone substitute consisting of
60% hydroxyappetite and 40% b-tricaleium
phosphate was used. Longer healing period
might be required for the technique and grafr
material used in the current study. We
observed that the bone regenerate was mostly
ossified at the time of the implants exposures
for  placement  of  healing  abutmenes
{4 months after implant placement) and a sat.
isfaceory implant stability was confrmed by
RFA analyses. Determination of the implant
stability, which is related 1o histologieal
osscointegration of the implant, with REA
measusement is considered a reliable method
(Khandetwal ctal. 2003 In the present
study, mean RFA walues at the tdme of
installment of the implants and at the time
of delivery of the prostheses {4 months after
the placement! did not differ significantly
between the groups.

Determination of the course of early
wound healing in human studics by ohice-
tive paramcters is problematic because of
cthical reasons, In the present seudy, the
course of wound healing was detcrmined
using a scoring system developed by our
group for ihis stady. Although the dua
-obtained from this scoring may be consid-
cred subjective, it can still bhe considered
useful for determining the course of the
wound healing as the evaluadons aré stmply
based on the absence or the presence of spe-
cific signs and symptoms including exposure
of graft material, drainage (pus or exudatesl,
inflammation, and pain. The course of heal-
ing both for reeipicnt and donor sites a1 the
7th and 14th postoperative days was cvalu-
ated, and there were no differences between
the groups in any of sites or cvaluation
time.

One of the major parameters of the suceess
of dental implants is the marginal bone loss
around the implant ncck. Different success
criteria cxist about the amount of acceptable
marginal bone Joss. Although a universally
accepted implant and ridge augmentation
success criteria lacking, usually up t 2 mm
of marginal bone loss in the first post loading
year is still acceptable for success [Cliristen-
sen ctal, 2003; Dunos et al. 2008, Misch
ct al, 2008; Clementini ct al. 2013). In the
present study, only one implant had more
than 2 mm marginal bone loss. We deter-
mined the implant success aceording to crite-
ria by Misch ct al. {2008). Aceording to this
classification systems, this implant presented
in the compromised  survival  category;
thus, it was not considered as successiul.

8| cln Chral Impl. Res. 0, 2014 f 1.9

+
According to the mean value of the marginal
bone loss based on digital periapical radio-
graphs obtained by parallel technique, there
was no significant difference between the
patients with diabctes and healthy patients.
Despite the popularity of parallel techaique,
SOMC CITOrs may occur, as strict parallelism
between implant axes and film plane is diffi-
cult to obrain {Sewerin 1990}, Hence, cus-
tomized  X-ray positioning  stents might
provide better reproducible images for long.-
term clinical examination of marginal bone,
Another drawback of the present study was
the lack of examination of the periimplant
tissues by means of probing around the
implants. Assessmient of probing depth pro-
vides significant information about the bone
level around the implant as well as health of
soft  tissue  attachment. Thercfore, this
assessment method would make signifcant
contribution to the assessment of marginal
bone loss,

Histological cvaluation of the specimens
ubtained from the augmenced ridges provides
valuable information about the outcomes of
the regencration process. Furthermore, histo-
morphometric analysis allows vesearchers to
abtain quantitative data regarding the bone
formation and the condition of graflt marerial
at the particular region. Howcever, in human
studies, it is sometimes dilficult to cobleot
appropriatc matcrial because of the risk of
damaging the implant osteotomy site. In the
present study, collecting a sample from the
region was not possible in somc cascs
because the dimensions of the region of inter.
est were wvery limited or the sample was
ruined during the handling of the specimen.
These types of problems were also reported
in other previous studies [Urban et al. 2001,
Choi cral. 2013). In the present study, 6
specimens from group 1 and 5 specimens
from group 2 were suitable for histologic
cvaluations. All samples from hoth groups
had a similar appearance showing various
amounts of vital bone, connective tissue,

marrow space, and residual bone substitute

particles.

In the present study, there was a mcean hor-
izontal bone gain of 2.92 £ 0.59 ;mm in group
L and 286 + 0.64 mm in group 2 according
to CBCT cxaminations. studics
using a similar rechnique showed higher
amount of horizonial bone gain. A study by
Usban ct al. {2011} reported an average of
5.52 mm increase in alveolar width in 25
augmented alveolar ridges. Himmerle eor al.
{2008} obtained an average of 3.6 mm width
gain in 12 ridges re-entry at Y
18 months after the augmentation, A study

Previous

upon

by Block ct al. evaluated the gain in the alve-
olar width in a more detailed manner by
using CBCT cxaminations. They measured
the gain at the midway from apical to coro-
nal aspeet as 3.2 mm 6 months after the aug-
mentation  procedure  [Block ot al. 2012).
Because the measurement methods differ
among the studics, these valucs cannot be
considered for comparisons. Execpt CBCT
measurements, another ricasurement
method of the alveolar width is the dircet
measurement with calipers intraoperatively,
Our previous cxperience showed that intraop-
crative measurement of the alveolar crest
width by means of calipers docs not provide
accurate data for evaluation of bone volume
changes after augmentation procedures, Sev-
eral factors such as che locations of the tips
of the caliper and the bucco-pataal angula-
tion ar orientation of the caliper affect acen-
racy of the measurement. Even though, the
surgeon  intends  to make
exactly at the same point with the previous
surgery, sometimes it is very difficult to con-
duct it in wide augmentation zones. Thus,
we decided to cvaluate gain in alveolar width
by means of CBCT measurements, in which
standard and accurate measurement can be
performed casily. In all cases of the present
study, the amount of width gain was suffi-
cient cnough for placement of the implants.
There was no difference between group 1 and
group 2 with regard to amount of bone width
gain. '

mceasurement

Conclusions

The results of the present study suggest that
type 2 diabetic patients with HbAlce levels
below 7.5% may undergo staged GBR proce-
dures securcly. The sample size of the pres-
ent study consisted of limited number of
subjects, and the data presented here are only
first year's findings, Thus a long-scale, longer
term, cohort study is necded to verify our
findings. Staged guided bone regencration is a
feasible augmentation procedure for the treat-
ment of horizontal bone deficieneies of the
maxitlary anterior/premolar regions in well-
controlled type 2 diabetic paticnts.
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