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Impact of hyperglycemia on the rate of
implant failure and peri-implant parameters in
patients with type 2 diabetes mellitus
Systematic review and meta-analysis

Ren Shang, Dr. med. dent. (candidate); Limin Gao, PhD

ABSTRACT

Background. The impact of hyperglycemia on dental implant therapy remains unclear. In this
systematic review and meta-analysis, the authors compared the rates of implant failure and peri-
implant bleeding on probing (BOP), probing depth (PD), and peri-implant bone loss (PIBL)
among patients with type 2 diabetes mellitus and nondiabetic patients. The authors performed
subgroup analyses based on glycemic level to evaluate whether patients with higher glycemic levels
were more prone to peri-implant inflammation.

Type of Studies Reviewed. The authors searched 4 databases for original clinical studies. Studies
in which the researchers provided information on the rate of implant failure or peri-implant pa-
rameters were included.

Results. Nine clinical studies were identified on the basis of the inclusion criteria. No significant
differences were found in rates of implant failure (P = .46) and PD (P = .1) between diabetic and
nondiabetic patients. Significant differences in BOP (P < .00001) and PIBL (P = .02), favoring
nondiaberic patients, were observed. Results of subgroup analyses indicated that the increase in
glycemic level did nort significantly influence BOP, PD, and PIBL values among diabetic patients.

Conclusions and Practical Implications. Patients with type 2 diabetes mellitus seem to be able
to achieve a rate of implant survival similar to that of healthy patients. Regarding peri-implant
parameters, BOP and PIBL were higher in patients with type 2 diabetes mellitus, indicating that
hyperglycemia is an important risk factor for peri-implant inflammation. No association was found
between peri-implant parameters and glycemic level among patients with type 2 diabetes mellitus,
providing oral hygiene was strictly maintained.

Key Words. Type 2 diabetes mellitus; dental implant failure; peri-implant parameters.
JADA 2021:152(3):189-201
https:/doi.org/10.1016/.adaj.2020.11.015
yperglycemia enhances infection in periodontal tissues and leads to destructive marginal
H bone loss via accumulating advanced glycation end products.'! High glycemic status also
disturbs the differentiation of pluripotent mesenchymal cells into osteoblasts, thereby hin-
dering bone repair and compromising implant stability.? Therefore, glycemic level is viewed as an
important consideration for determining eligibility for dental implant therapy, Dentists tend to
believe that when glycemic level is well controlled, implant therapy is safe and predictable, with a
complicarion rate similar to that of healthy patients, whereas diabetic patients with poorly controlled
glycemic levels are considered to have a higher incidence rate of peri-implant complications. How-
ever, this belief was not confirmed in several clinical trials in which researchers found a 0% rate of
implant failure in patients with poorly controlled glycemic levels during a follow-up period of up to 36
months.>® Moreover, researchers found that poorly controlled glycemic status had no association with
implant survival and no effect on implant stabilization.*”® In a 7-year follow-up clinical observation
study, researchers reported that even patients with poorly controlled glycemic levels had rates of

implant failure similar to those of nondiabetic patients.
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In several systematic reviews, researchers focused on rejecting or accepting the hy.

»
pothesis that higher glycemic levels could lead to. a highcr inc(\idclnlcT l‘i:‘t:d:):dgle;l-llcmplanlt i 7::‘ ?;t‘a:&:ed,(,:r:g 3(;.,=149)
complications."®"> However, only a few systematic WA l\‘a nig| :lf‘f ; mg ratqlla- | ﬁ iestate Utiniin a4 = ot duplicates (2 73
ity In 2 high-quality reviews, rescarchers observed no significant di lcren . j les of | g « Ovid (n =37) ?
dental implant failure between diabetic patients with well-controlled gycr:zmlc evels ang ‘l $ ¢ Web of Sclence (n = 75)
those with poorly controlled glycemic levels.!®!" Lagunov and colleagues found.stgniﬁ. 1 L-
cant differences in bleeding on probing (BOP), probing depth (PD), and peti-implant Exclusion (n = 43) i
bone loss (PIBL) between diabetic patients and nondiab.etic Patients; however, only —J : f:?,'ml,’,'t“g;‘f kg;;udigs(nﬂl)
patients with well-controlled glycemic levels were enrolled in this study. In a 2020 sys. g T ST o e i
tematic review, researchers reported a statistically higher BOP in patients with poorly § (h=76) « Could ot fuffill the inclusion
controlled glycemic levels compared with patients with well-controlled glycemic levels,!3 3 criteria (n";.dae)s ot
However, patients who had smoking habits and underwent bone augmentation surgery L_ * Review a

« Cross-sectional observations (n = 3)
were enrolled in their study, which made the explanation of the impact of hyperglycemia
on peri-implant inflammation tentative. Moreover, 2 cross-sectional observational studies

were included in their work, which might not be adequate to establish cause (hypergly- Exclusion (n = 24)
cemia) and effect (peri-implant complications) relations. Systematic reviews with more

o Lack of nondiabetic control

robust control of significant confounding factors are needed. (n=10) =

In our systematic review and meta-analysis, we aimed to assess the rate of implant failure and ; R :iﬂmfmﬂ ‘:‘ Zear (n=6)
peri-implant parameters (BOP, PD, PIBL) in both diabetic and nondiabetic patients. To focreening Of(: t=le353a)n 2 augmentation (n =2)
evaluate whether diabetic patients with higher glycemic levels are more Prone to peri-implant |« Patients have riskE facto' "fO'ki
inflammation, we performed subgroup analyses based on glycemic levels. To obtain more 1 mgzﬁ::::%ezﬂodontmﬁngi
compelling evidence, more singent exclusion criteria were used in our study to control for (n=6)
confounding factors.
METHODS -
Our work followed the 2015 Pref Reporti . tudies finally included in the
guidelines 15 s qusn‘e:nedwa:p;n;gﬁ:::sm Df:r Systematic Reviews and Meta-Analysis present meta-analysis (n = 9)
(T2DM) have a i :

Figure 1‘. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart of the screening and se-
lection process.'®

Search strategy
The literarure search was rmed i : i ;
at the end of this article).pcx{o i April 2020 and i shown in the Appendix (available online

recommended range for defining well-controlled glycemic status is generally considered 6.5%

identificatio o |s greater than 8% had the highest risk of developing clinical compli-
?_:-':Y i " 2nd selection 22?;:::7'7‘26;nd1{311:r:ﬁl:r:ewfr:lassiﬁed diabetic patients as having well-controlled glycemic levels
ehglbr;“?wm (R_S.. LG.) screened the titles and abstracts of retrieved studies i (WC-T2DM) (i-le 6%-8%) or poorly controlled glycemic levels (PC-T2DM) (HbA ., > 8%);
enmlled“ :ﬂmﬂa were human clinjca] studies with 2 follow-up period fstu 254 mdependemly. The iodontal status belfzre implant therapy; number of placed and failed implants and peri-implant
nondis} € Patients who had receiyed , clinical dlagnisis fOT;O Aty poatls ol - (SB%P PD, PIBL); implant characteristics; and pre- and postoperative treatments. The
Sty l:vfljtz:]m wen; Present in the same study, patients rec:ived ?M’ 1b0th Chbecfars [::i\?;;tea:d rang;. of ;ontinu:)us variables were calculated and transferred into the mean (standard
ycated ] dy, ;
levels > 6% for parienss w:()%lzc}l)); Lﬁ:ﬁkj) of diabetic patients were c[:;ﬁ, d:sncili?,::i t(l;::;a :Y' deviation) using the formulas of Hozo and colleagues."
o el adi?‘ll.um3 for implan Placemen withour tT\e6 9:: i:f ? on::ibetic Patients), hope dimensions werl;
50 Bl ik SR e bonc il i uali essment
zg; gﬁ’"\‘i:" probing.  phe Peri-implant P?:xajn"ulcoma included the nymper of placed ag:(;e: Ttlo‘n, healthy periodontl %\e nt\yodei'z:d Newcastle-Ottawa Scale was used to assess risk of bias. We allotred a score of
(bt S iy exc]u::;fs{(BOP, P{J, PIB] ailed implancs o ¢ least 1 of 0 through 9 (allocated as stars) for each study. Studies with 5 or more stars on the modified
3 it % R TOm analys; s : ' :
Hbﬁ; S:mdubcur_ b, diseases, untreate periodonta] disi:_slse:f Zan‘c‘l;anls Were smokers or aq b bolic B Newcastle-Ottawa Scale were considered to be of high quality.
: : augmentation syrpery- ; ' OF cardioyagey s one metabo
NM: Not mentioned, : gery; had received i scular dlSease T
3 taken bisph, : radiation e ; 5 had undergo bogs
PC: Poorl lled. 1sphosphonar, atment | gone = :
PCS: P, yc‘.’::":ohm cations (such g, hs;::’l;t:m the pasr 99 days; or had i:l (l:e head and neck region or had :At:[t iStkalI 'anazﬂerformed in line with recommendations from the Cochrane Collaboration and
study. Teview articles, laborarg, On‘or coatings yjth Protein; dp Bt *Pecial surface modifi AR AK 1 f Meta-Analysis guiclel'mes.'s The I statistic describes the percentage of the
PD: Probing depth. b s ™Y studies, anjm,| g % drugs, and o, Quality of Reporting of Me alysis S 2 y
bing observarion trias al experim, growth facto ), Letters, 2 values of 25%, 50%, and 75% indicate low, moderate, an
PIBL: Peri-implant bone were also excluded €NL studies, cage rs), Lecters, total variation due to heterogeneity. b ) X
o ; feports, and cross-sectional high h ity, respectively. If there is little or moderate variation between trials, a fixed-effects
T2DM: Type 2 diabetes Data extraction gh heterogeneity, resp
mellitus. The followin,

model is appropriate. A high I? value indicates high variation between clinical trials, and a random-
WC: Well-controlled. 8 information vz ey,

: ; group analyses were performed on the basis of the glycemic status of
| effects model is appropriate. Subgroup analy: ) . ¢
follow-up period; mean, 3¢ and se e;‘.l;;u ors Publicarion di:be:i:‘pqreie:lzizs '\::ess heterogeneity. Graphical exploration with funnel plots was used to assess
of the ¢ : Year; 3 5 § Sl B as used to test bias statistically. The analysis was
E\ S b nfolled pamqpams; gly mdy type and length of pub“cmiun bias, Egger linear regression was us Smcsrcally Yol By
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JADA 15(3, SR }
!

2021

» :r;‘ e AL JADA 152(3) w http/jada.adaorg » March 2021 5
Plada.ada,org w March




able ] aractenstics of the in e { i i d studies.
Table 2. dditional characteristics of the inc uded st
able 1. Main charactenstics 0 included studies al A

M PRE- OR
POSTOPERATIVE
STUDY s TREATMENT
CHARACTERISTI cadias y 7 J
“m GLYCEMIC STATUS OF MAIN INTERESTED CLINICAL OUTCOMES STUDY MAIN IMPLANT CHAR — LS
pregrees NTS PATIENTS WITH T2DM* AT THE ENDV Of FOITLQVY'PP 5] - Geometry For Fixing
STUDY UP,MO  ENROLLED PATIE
(Platform- Loading  Prosthesis
Glycated System Size, Jaw Location Switched or  Periodontal . Protocol  (Cement or
"e)'"°9‘°b:" ‘ Millimeters ~(Partiallyor ~ Non Co:.fdMons iy or (mmediate  Screw-
(%) ox Farting Dlameter x ~ Fully  —Platform- sehdieid ko Delayed) Retained)
or
Age.y, Blood No. of ( Length)  Edentulous) Switched) Implantation Nonsubmerged) il
Mean No. of Glucose Level  Placed i Sufficent oral NM Delayed £ Posttreatment: 500
(Range) or  Participants  Baseline  (Milligrams/  Implants i oites and Straumann Mandible: ; NM* g etz
Mean  (No.of Male/ Glycated  Dediliter) at  (No. of Colleagues,” (4.1 x 8-12)  anterior (fully aoxwdclin or 150'mg
(Standard Female  Hemoglobin, The End of Failed Peri-Implant Parameters, 2014 of Gindamycn 3 times
Deviation) Participants) % Follow-up  Implants) Mean (Standard Deviation) per day, 7 d; 0.12%
b T A g CHX" twice per day, 2
Peri-implant | wk
Bleeding on Probing depth, bone loss, 7
probing %  millimeters mm ‘ 3 i sufficent oral Submerged Delayed e mm%n mg
oy TS wom Tomspw wemDmss womoMss v e i NM N Gémez e« e hygene of amaciin and 125
Colleagues” 12" WCTDM 7 PCT2DME> 8 PGT2DM:> 8 WC-T2DM: 94 | Morenoand (3341x10-  (pa mg of davulanic aod
2 PCT2DM 20 o b Colleagues®  14) wice per day, 7 & 600
ND: 50 M) PC-T20M: 40 ) ¥ B mg of ibuprofen when
ND: 100 (7) I necessary; 0.12% CHX
Gomes- RS WOT2DM' 59 TDM:46a22) WCT2OM: 68 TOM:46(0)  T2OM:061  T20M:233  T2DM: 0.62 kxRt ek 2 8%
Morenoand 3¢ ®1)  WCT2DM: 24 PC-T2DM: 8.1 WCTOM: 24 (0.09) (023) ©.18) SN
Colleagues ¢ RToMiR (3 10 © WCT2DM:  WCT20M: 23 weTaom: | Seteooct N Sufficent oral LIS ey o Postireatment:
2015 Mwe_.s\ 8 PC-T2DM: 22 PC-T2DM: 22 (0)  0.56 0.07) 0.23) 0.57 (0.16) i Aguilar- Straumann  Maxilla: an : Tygiene it A
ND™- €0 02) 39 ND:21(0)  PCT2DM: 067 PC-T20M: 237 PCT20M. 067 | Salvatiera  (33-4.1 x 10-  (partially cowdanicacd? & 600
ND:21 @n2) 0.08) ©0.22) ©1® | and ) 1hg of Rprofen wher
ND: 045 (0.06) ND: 226 (0.19) ND: 053 (0.17) | Colleagues, needed; 0.12% CHX
M‘O‘r chf Tm:;nsu TDM.S20626) WCT2DM: 68 Nu TIOM:S2(5)  T2DM: 061 T20M:317 oo 138 | e R
o ool V(:ccm 30 PCT2DM: 810 WCT20M:30  (0.2) 057) osn . | R e e T
Colleagues ™ : me‘m 2 @ WCT2DM:  WGT2OM: — weTa: 098 I 1 M Sufficentoral  Nonsubmerged Immediate PRS0 ™9
2016 ) PCT20M: 22(3) 0,51 (0,05) 279 (0.24) ©027) | A-Amriand  Straumann  Maxilla: a:\&&)nof hygiene e ey
NO:33(0)  PC-T2DM: 074 -T2 3 68 PCT2OM: 192 | Colleagues,”’ (3341 x 10-  (partia per day, 7 d; 600 mg of
(0.05) (0.48) (038) ! 2016 14) buprofen wher
e : ND: 044 0.07) ND: 267 (0.14) ND: 0.72 ©027) needed; &-mo
Al-Amn es WCT2DM:  T2DM: 61 (NM) WC-T2DM: 6.5 WCTOM: 68 T tat and peri
® % Do oo : PM:61(0)  T20M:062 Ty 23 :
e RO s o M E FCTIOMS weTaom 30 006) 0 o o implant maintenance
45 ¥ ©) WC-T20M S : | -
559 ND: 30 (NM) . WCT20M: 2.3 TOM: | Pretreatment: calculus
ND: 485 (a5 PCT2OM: 31 0) 4062007, .+ (s :scs%ox) i jaly) N SO G e N e e removal, supragngnal
= ND:300) PCT2OM: 062 peorapmy. 23 PCT2OM: 059 | Ghiraldinl ~ Sistemade  NM (partally hygene plaque control and
“ (0.05) (0.62) ©02) | and 5 lnvlm;A Sbonghel
. 04(0.06) ND: 16 ; Colleagues,®  Nacional 2
:am :CZS sﬁxm , ,v?‘ n “‘? © WeToM: 64 - R o (0.05) ND: 0.46 (0.16) 101:“ @75 x 85, m grams
Colleagues.* PC-T20M mmnv O PCT2OM: > 8 WC-T20M: 16 NM NM ns) » -mmswm
2016 S638(1363) PC-T2DM: 16 ©) of sodic-dipyrone every
ND- 5158 ) PC-T20M: 16 (0) 6hfor2d 0.12%
774 ND: 19 (109) ND: 19 (0) CHX 7d
A-Amri and PCS TOM 24 T20M: 23 Q3 NM Pretreatment. fulk
T (4046 ND: 22 zz:f} e 68 T20M: 23 (g) N Mandible: Padorm-  Sufficent oral Subearged Y mouth scaling: 2 g of
i ND: 418 (35- ND: 22 () L NM T20M: 0.2 AlAmriand  Straumann (NN)  swikched hygiene amawolin 60 min
“ 004) Colleagues™ (3.5 x 10-14)  postenior betore operaton; 600
: , 017 #
AAmiand  Popecie g TOM aswst) g ND:0.23 008) | mdﬁ":g
Soreee . comcled ND: 42 (421 8 Mg 2348 - | penciin
x.- No-42 o) sy OM:228  20M 026 g | Postireatment: NM
ND: 20,79 . 1
Alsahhaf and fevospecne T20M 527 a0 Bavs ¢ ! @8) ND: 243 (028) Np: .31 (008 - N N NM N PRSI
Colleagues™ conort sty (45-58) ND. 40 5/ 68 T ¥ Mandibular: Postreatment: S0 mg
2019 3% ND: 434 (33- 3 2DM: 65 () T20M. o 5 ; AlAmr and  Osseaspeed postenor switched of amawcillin 3 tmes
pead NO: 52 (0) oon> TOM:239  apm: 069 Colleagues,® (4 x 68 or 11) sl T o
ND: 021 (0.0g) g, 12 (131 LUy buprofen; essental ol
Alshibanl  Promecve  T2DM: 452 T20M 42 pugy ) ND: 218 (0.18) np: 051 (1) —based mouthanse
and controlied 68
Colleagues™ cincal tral ma:? g o M 420 1 s i -l B
1 $
2019 3% 50 2 D 44 (g) OM: 272 TIMD: 241 Tanp! 02 : : 7 Juconate, ¢ There are 2 different 2017 dinical trials by AAm~ and coleagues.
X © = oned. 1 CHX Chlorhexidine dig!
* T2DM: Type 2 diabetes mefitus 1 pCS: Prospective cohon sy, —— ND: 19 55 ND: 2 S'il(,o 2 3‘%@. N Mt
# NM: Not mentioned. ** There are 2 diferent 2017 “:ﬂ‘y # WC.T200m W’“‘Oﬂllule;j - (3.05) s 9) ND: |
s o A-Ami ang Colle, NS AC-T20M Poorty con "
o 101 T20M ¢ ND, Nondabetc
192 193
h 2021
oA 1523 | : JADA 1520) w hupifadaadacrg & Mard
p/fada ad org = March 202!




I
Table 3. Quality assessment of included studies using modified Newcastle-Ottawa Scale.* PR W o s
le 2. inued S — — S — — e
Table 2. Continued L SREYoR 24 oM (LY
POSTOPERATIVE R :::gfs"ss TOTAL
RE
STUDY MAIN IMPLANTFHARAETERJSECS_ TREATMﬂT\ OF THE DESIGN o 5(9?9
Geometry Protocol Used STUDY SELECTION O ANALY Sl s
tform- For Fixing e e ot e
System Size, Jaw Location S(Hwi::hed or  Periodontal Loading  Prosthesis phss Long
Millimeters  (Partially or Non Conditions Healing Type Protocol  (Cement or | . D"“?mat"sh - Enough Adequacy
(Diameter x Fully —Platform- Before (Submerged or (Immediate  Screw- | Selection 3 (R Assessment  For  of Follow-
length)  Edentulous) Switched) Implantation Nonsubmerged) or Delayed) Retained) | Rel’f":ie"'::‘{"e No:: The A"'nz'f"mem e W of O\m:oms' c:: orfts
Alshhafand  NM Maxta and N Sufficentoral  Nonsubmerged NM  Screwretained Preveatment: 500 mg | St ot Exposure  Present at Start Outcome  to Occur “
;?:;qaa mandible (NM) hygiene of amoxidilin 3 times o * * NM* e e 7
per day, 2 d | and * *
Posttreatment: 500 mg | mgmﬂ
of amoxicillin 3 times | | 2014 /]
per day, 1wk; 02% | & * ~ *x NM NM 2
CHXtwice perday,2 |  Gémez- *
Wk; oral hygiene | Moreno ane
gy B
Al-Shibani era;:rmw Maxilla and NM Sufficent oral Submerged Delayed ‘ NM ! V Pretr tmes 7 N;A 20 . NM * 78
:hggu = S eitie 0 hygiene Pom:;nen::‘tsoo mg Aguilar- x e i ¥ i
2018 of ibuprofen; 500 mg Salvatierra
of amoxidillin, 3 times and
per day, 1 wk; 0.2% Collelgues.zz
At CHX, twice per day, 2 2016 - N e 2
Wk Al-Amri and * * X * =
=i Colleagues,?!
ucted using Review Manager, Version 5.3 for Mac (The Cochrane Collaborati 2016 )
5 =2 ) ration). P < .05 . *k * NM *
considered to be staristically significant. e’ Ghiraldini * X 2 s
and
Colleagues,®
RESULTS 2016 7.
. * * * e e bt X
terstre sarc v
nm 14? dszdm were identified through the electronic search. After removing duplicates and 2017, i s * NM * v/
arti thaz did not fulfill our inclusion criteria only 9 studjes®8:20- were included i Al-Amri and * * &
our study. The article selection process is shown in Figure | S Sollesgues
g 2017°
& ” 3 NM * m
-?-El -] q"aﬁcteﬁsﬁ(s Alsahhaf ang * K ke by o ¥
*he main characteristics of the 9 included studjes®$20-25 bt Colleagues,
included studies, 7 were cohort studjes$-820-23 and 2 were i SUIiflman?e'd in Table 1. Among the 012 o * * NM NM X G
of follow-up ranged from 12 through 36 monchs, A controlled clinical trials 2425 The length Al-shibani * x
i e caolld, with 500 and 363 e e P40 With T2DM and 301 ND Collsgues
. X U
ﬁf\x& 2t study enrollment, 4 sy djes2023-25 ::r[:['lerdem?"'el?'- According to glycemic [eyel w0 ‘ A TR
srud@uc—“ y; Sheolled patients with, WCT2DM ang gg;fﬂs with WC-T2pM only, and 5 * We allotted the score of 0 through 9 (allocated as stars) for each mzm mm”'mm b:’; h°i“g“h°'qme~a_ ek m?;fv::m was considered “long enough for
16T were measured within the obseryar <~ TIDM. The glycemic levels in 6 Gategory, 2 stars were given. Studies that “Z“Thifiﬁmw 2017 diinical trials by Al-Amni and colleagues.
fepgneg 203 plfﬁsfaﬂu'e during follow-up periods, [nf on betiod. Researchers from only 2 studies”? outcomes to occur.” # NM: Not mentioned. s
tudies, 620222 - Informari _-_—
: Aﬁw researchers from 7 studies®20-25 prol\f::ilezn';i'gpp and PD could e found in 6
T tenstics of the incl, : Informatiop ¢ - ¢ 2 R o7 i
studies, 212 were placed "l\nc p::'eda] studies are. shoyn, Table 7, I: ;) [B:' 'th included Researchers reported occurrences of implant failure in ?ﬂy 2 smdm." Ermaesicoukhirionbs
fully edentulous jaws, In g gy 68201, 7405 dentulous jays ar 4 in 1 s g of the include obtained in the other 7 studies because they had 100% implant survival rates.
maintzined before 1 s“‘dlﬁ' lax'\[ *** periodon conditions ] y ey were inserted in
delayed loading in § ot I?‘?J‘I.ZS :::l?nom. According 1o, g |oading0ml Ygiene status were well BOP :
, udies in 2 snydjes?!22 implans wege Protocol, implans received We found a significant difference in BOP between patients with T2DM and ND patiens, favoring ND
Quality assessment *posed to immediate loading. patients (mean difference [MDJ, 032;95% Cl, 0.19)(0 0.45; P < .00001; Figure 3A). The mndom—eﬂac.ts
All'9 included studies receiyed f model was chosen because of high heterogeneity (I = 98%). No significant subgroup effect of glycemic
Therefore, all of ther yege 1 oo han 5 grary g tients with WC-T2DM and thase with PC-T2DM (P = 32; Figure 3B).
included jp (o Meta-analy € considered high quality (Table 3) status was found between pa
Implant failyre ; PD
Figure 2 shows that ther, Z ed berween patients with T2DM and ND patients (MD,
> € Was N0 saricr: L | No significant difference in PD was observ 2 e hne -
with T2DM and N Patients (ml:[a"fllcally significan difference i ¢ : | 0 2;1%“;(: (C:i\lm_o 04 to 0.44; P = .1; I* = 97%; Figure 4A). No significant subgroup effect of glycemic
Sl LU T e bl 1900139, 95% confidence o, ™ 9K rates becyeen patiens Status was found becween paients with WC-T2DM and PC-T2DM (P = .16; Figure 4B).
194 e s Mal[Cl, 0.58 103 30; p = 46). | i s
JADA 1 T S : » March 2021 195
5203) o htip/adaadaorg u march 202! | JADA 152(3) = http/jada.ada.org
-ada.org w Mard ‘




|—

Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio
M-, Fixed, 95% O

g

Study or Sub
= Events w
Oates and Colleagues, ’ 2014 Total  Events
Goémez-!

- 2-Moreno and Colleagues, * 201
AguilarSahvatieraand )
Colleagues, = 2016

Al-Amri and Colleagues, " 2018

ol Weight (%)
29

0.9 (037 to 2.49)
Not estimable

~

3 21 106040t 12357

» Not estimable

o o000 O0 N O
LasEKES 0 & E
o000 e o o
i
’

Ghiraldini and Colleagues, * 2016 estimabl
:Amn and Colleagues, @ 2017 2 mmm
-Amni olhg\m .
Msahha:nd } ol s e
“SNMN Colleagues, ™ 2019 2 s
and Colleagues, ™ 2018 “ e o
& Not estimable
Total (95% Q)
Total evens
. " 0 £ 1000 139058 t0330)
-mah oy, = 182 P= 18 Fe SN .
overall effect =075 P= 26 ‘ : ' I
0001 (X A (
; 10
FAVORS T2DM FAVORS ND by

Figure 2. Forest plot
rest plot of the comparson of the ra )
tes of ;
of implant failure between patients with type 2 diabetes mellitus (T2DM) and nondiabetic (y
IC (ND)

patents. G
. G Confidence interval. M-H: Mantel—Haenszel

PIBL

We found a statstcally signi

: 2 y significant difference in PIBL be .

tents, favoring ND pati tween patients with T2

s D D, 0.12;95% C, 002 1 023, P 0 = 9 WPM and ND
was observed (P = .12; Figure 5B). j115=94%; Figure 5A) o

F igm! Js ies in ure were l()caled mna etricl
S Z es which research i
In 6&, 2 studi €TS reponed mplant faﬂ i Symim
mv CVer, n of S[Udl& too small ¢ d (¢ '
and erted funnel How ti’\e llmber was 0 detect publlcanm

bias. Figures 6B through
6D show .
(P < .0001 i asymmetrical plots. Th ey ot
), but not significant in PD (P = .7559) and ggﬂ;&f‘\zg T o

DISCUSSION

In our systematic review and
failure as well as peri-i meta-analysis, we aimed to
paents. A i e e LD PIB?.‘;a:::,en;h e
only 2 of them reported implant ‘f il ies were considered to match o ;?nd ppee
T compmedal ures. Researchers from 1 study?? our inclusion criteria, and
Obm.wed similar rates of implant fwiith 0.% in the ND group. YIn eporeed = 0 Gl "
cording 10 the reuls ofthe 2 * failure in bt diaberic (6.7%) e, e
veen diabetic and healthy patieles, no significant difference in th ) patients.7 Ac
::re able to obrain a similarly sausf;"ts e f'ound (P = .46), indicati Sacchm el
e impact of patient loss to foll ing survival rate of implants flejthagdiabenciosiee
consideration. In the study from anw—up on the staristical r as healthy patients. Howeve! |
up were considered to have failed = and colleagues,” the arﬁ"l“ needs to be taken it |
failure in the diabetic and ND implants. Without thisg N who dropped out of follow |
thar the survival rate of implan groups were actually both °“S'd.eration, the rates of implat
e A dro;):is conservatively °5lima:15p;°mmately 1%, which indicat |
out of the observation ': the study from Ghiraldini 3"
period were not included in @

process of data analy
yses.
loss to follow-up. However, the other included studies d
ies did not proyide
ide information ab0"'

Peri-implant mucositis i
is the i :
N in mucosa
idered 2 esse .al’ound an implan x <
PERBEEACT ntial peri.i t with no sign of 4
?ound had higher BOP chan. ithe "“"mmmlpe-rl implant parameters in evaluatiné
i zf:zustjczlly significant differen, healthy s }':s from vy (o] collcaguefv”
s 1 ce | 3 a
w feiog ND easieots This fding il:diBO il -00001)ml;eri:we with their study ¥
Zh i cates that pari een the diabeti d
significant : ; patients wi jabetic and
subgroup difference was {oun:‘ucosa inflammarion (thlh T2DM were associated "

diabetic pati et
patients with higher glycemic [y, lbetween WCT2DM an healthy patients, Howeveh o
€ls were not prone and PC-T2DM, indicating

Peri<implant mucositis. A smallef

JADA 152
3
) » h"pﬂlada.ada_o,g » March 202!

T20M
ND
StudyorSubgroup  Mean SO Total  Mean D Total Weight (%) g A e
Gémez-Moreno and 5 ’ 95% d IV, Random, 95% O
Colleagues, * 2015 61 009 46 045 006
; n 244 0.
Agullar-Salvatierra G PG ey 0.16(0.4210020) r
Colleagues, ~ 2016 4 WIZR52 oM 007 73
! 2.
AAmr and % 2 017(0.13t0021) b
Colleagues, ' 2016 62 006 61 04 006 30
246 02201
AlAmr and ek 122 (0.19 10 0.25) »
Colleagues, © 2017 X 54 45 2079 28 @ 12 269(15610382) e
Alsahhaf and. Saled
Colleagues, 2019 53 007 65 021 006 52 246 032(03010034 e
Al-Shibani n;\‘d nn 30
Colleagues, ** 2019 . 2 1955 305 44 09 767 (638108.96) —_—
Total (95% C1)
31 z 1000 032 (0.19 0 045) )
Heterogeneity: ¢ = 0.02, 'y = 220.99; P < 00001; F = 58%
Test for overall effect: z = 487; P <.00001 T OW
A - 2 o
FAVORSTZDM  FAVORS ND
T20M ND Mean Difference
Mean
Study or Subgroup Mean SD Total Mean SO Total Weight (%) W, Random, 95% O , Random, 95% O
Gémez-Moreno and
Colleagues, * 2015 056 007 24 045 006 21 140 0.11(0.07t00.15) .
Aguilar-salvatierra and
Colleagues, 2 2016 051 005 30 044 007 3 142 007 (0.04t00.10) b
Al-Amri and
Colleagues, % 2016 062 007 30 04 006 30 141 02201910025 .
Al-Amri and
Colleagues, > 2017 248 254 6 07 28 @ 06 269(1.56%352 I
Alsahhaf and
CO,,“;“; %2019 0s3 o007 65 021 006 32 143 032(030t%0034 é
-Sh
gﬁ;‘;‘u’l‘ﬁ"zm ;3 @ 1955 305 4 05 767 (6381089 >
subtotal (95% C) m 577 033(0.17 10 049) s
Heterogeneity: ¥ =0.03, £s=34138,P< 00001; F =99%
Test for overall effect 2= 4.10; P <0001
PCT2OM
Gémez-Moreno and
e e $2015 067 008 1 045 0osiizl 140 022(0.18t0028) .
Aguilar-s:lv:tiem and ~
Colleagues, % 2016 078 005 2 044 007 141 030(027 ©033)
2.{“?:::“{:‘,. e 062 005 3 04 006 30 142 022(0.19t0025 .
subtotal (95% € 75 8 @3 025(0.1910030) )
Heterogeneity: ¢ = 000, £, =1592P= 0003; F =87%
Test for overall effect 2=8.1:P= 100001
Total (95% C1) mn 306 100.0 026 (0.17 to 035) L
Heterogeneity: © = 002 £, = 36844, P< 00001; P =98% .
Test for overall effect: 2= 5.58; f‘ .00001 5 % - - 2
Tmfolwbgrwvdmmx‘-!.om’-_?zf-ﬁ* L s
B
Figure3.Foest ot of % JCF, kil pmbasedbm e icievel it 2w-ith T20M cﬁrcm”ﬁ&"?iﬁﬁ”é ‘ﬁ@?ﬁéﬁi&”
forest plot for subgroup: analysis of bleeding on pmblwnglk mloln eglycemtc of patients (B). Ck: Con [ L IV: X
ell-con X

PC: Poorly controlled. SD: Standard deviation- WC:

number of trials and participants contribu

not be able to detect subgroup d A
and ND patient, indicating

However, this result 2l
found that the PD of healthy pen-unplan

values in our included studies were
be considered pathologic-

Peri-implantitis results in not only
considered the referenc

reviews have confirmed
lmplantms.“'H In accordanc

signiﬁcamly higher PIBL than healFby
have higher risks of developing peri-im;
group analysis, which might be due to ¢

soft-tissue

JADA 152(3) * mlplllada.ada org * March 202!

that diabetic patient

t mucosa is often
alll&chan4mm(range

infection but also progressi
implantitis- Seve!
mia and the pathogenesis of peri-

o standard for diagnosing peri-
d thac diabetic patie

on between hyperglyce
ies, we foun
=.02), indic
ant difference Was found in sub-

f the PC-T2DM group-

patients (P
planitis. No signific

he small sample size O

ifferences. We failed to find any

ted dara © PC-T2DM, meaning thar the analysis might
difference in PD berween diabetic

similar PD t© healthy patients-

Researchers in 2 10-year prospective

greater
1.6-3.17 mm.

than 4 millimeters.”” The PD
), which were 00 small to

ve bone loss. PIBL is
ral authors of systematic

nts showed
aring that diabetic patients

& e 197




T ——
Mean Difference
T20M ND Mean Difference 9% a
TOM ND Mean Difference Mean Difference ot Subgroup Mean SO Total Mean SD Total Weight (%) IV, Random, 95% O IV, Random,
SwdyorSubgroup  Mean SO Total  Mean SO Total Weight(X) IV, Random, 95% Q1 IV, Random, 95% CI Study
6mez-Moreno and 5 53 017 21 158 0.09 (0.00 t0 0.18)
Gcm“‘“'“.‘ o S VY 2% 0w 2 168 007 (003t00.17) Le— Coemgues, 2015 062 018 4 0
Navera ilar-Salvatierra and 3 B 113 066 (04810 0.84)
m“ms“ 7 0w 20 o B 161 0.50 (034 to 0.66) e—aa églll‘e:;us." |101 7 138 057 S2 0oz 027
ARAmri d 166 0.13 (0.06 to 0.20)
it 3 s | % 0 X 187 070(0.59to 0.81) S ::I‘I‘:‘.;‘u"'; s 059 008 61 046 016 30 e
Ak . 177 -0.03 0.07 10 0.01) =1
Cﬂw: =201 I’ 35 W@l @ 166 ~0.15 (027 10 -0.03) ! a', ﬁﬂ:..'.'f" 5 02 004 23 023 008 2
177 005 (0.09%-007) bl
Coeagon * 2019 23 am 2 0w ® 72 021(0.1410028) - Q};,?,’:;‘:;‘a 2017 026 01 45 031 008 @
110 0.67)
:*Ms'“' i 2a1 on PLJ S 166 -0.11(024100.02) = 2':;::';::1 10 069 137 65 051 13 S 34 01803
“ 174 0.1 (0.05t 0.16) R
mgewe m W 100 020(004t044) > gﬁ:‘l‘;’:i‘."zm 0x2 oM @ 021 0
Heterogeneity: «* = 0.08, 37, = 147.12: P< 0000 £ = 87% L | 7 ; - 1000 0.12(0.0210022) e 3 i
N ) PG T 0 Total (85% C) B4 + ; - 5
(R =34% 02
2 FAVORST2DM  FAVORS ND Heterogeneiy: =001, ’y= 317, P < 0000 =S¢ o Do, e
Test for overall effect: z=2.41; P=.02 FAVORSTZDM  FAVORS ND
- o Mean Diffe
Study or Subgroup Men SO Wml  Men  SD ol Weight (%) IV, m.;‘s';:.a Mean Difference A it
Gomen-Moreno and iledo T20M e V. Random, 5% O
IV, Random, -
Colleagues * 2015 BB 2 2% an 7 12 0.04(008100.16) = StudyorSubgroup  Mean SD Totl  Mean SO Totl Weight (%)
Aguilar-Sahabems and P r—
=26 W N D 29 0w B N3 01200210022) cenairnasd i ne7d a s BaA R 0 ST IR, 107 004(206100.14) —
AlAmr ang =g Colleagues, © 201 el
Coleagems. ™ 2m6 B B 15 05 3 14 070(05410076) Aguiarsahatemaand g5 07 30 07 02 B 100 026Q13w039)
A and > Colleagues, 201 St
Colleagues, = 2017 ;LS s e 12 015 (02710003 el AAmd and 058 015 30 045 016 30 ISR E R
Alabbaf s Colleagues, *' 2016 =
»cnn =09 33 B s 2B o 114 021(0.14100.28) £ Al-Amr and | 02 004 23 023 008 2 15 -0.03 (0.07 w 0.0
= Colleagues, © 2017 )
Collesges > 2019 2 Q@ 29 0n 4 12 011 (02410 0.02) | AAmri and_ w26 01 45 o3 om @ 115 005 (009 ©-0.01)
Sabtotal (35% ) Colleagues, © 2017 ~
% 2% = 617 0.14(0.1510043) Alsahhaf and PSR TN S U IR € B 37 01331 waEY
kmﬁ_‘;;;a. L= 21037 < 00001 7 = 535 Colleagues, 2019 (D) I
z=08%P=35 Al-Shibani and 032 018 @ 021 008 &4 14 0N QO0Ste
poTm Colleagues, * 2019 S
Gomez-Morens 4 697 0.07 (010w
Clesgm t2055. 23 02 2 2 Subtotal (95% Q1) =
nEn 12 011 A 00001; F =88%
Aguilar Sabeatierra and 11600110023 [ Heterogenelty: = 001, ', = S2.14; P <.0000%;
Colieagues, = 2016 808 2 29 gy p 105 1.01(080t0122) Test for overall effect: z=1.71; P=.09
AlAmri and -
Colieagues, ™ 2016 23 e 16 > PC-T2DM R 2 R T
el 2 005 : 105 070(048100.97) Somezorgroand o o8 2 o8 ow A s ora@ :
?= an 23 000 — =) 12010210 1.38)
T e s O iy = Aushgerad g on @ 0m a2 N A
eagues, o —
Toral (35% ) =4 AT SR R ae » 08 Q1IEM©A)
Heterogenesy. & = 0.13, 7, = 386.83; # < o0y, 7 o 1009 029 (0.05 100,57 Colleagues, ' 2016 . “ 303 043 (-0.03 0 1.00) e T
Test for overall effect 72235, pu T Subtotal (95% C1) P = 98%
~ Test for subgroup dtferences: £, = 197, p 167 = 493% Heterogeneity: ¢ = 020, 1’y = "napmmn.
=184 P
aSh s 0\0’15\-*‘ Test for overall effect: 2= 184 P= 2 el S P
Figure 4. Forest plot of the comparison of prot FAVORS T20M FAVORs 53 Toul (95% @) :F = 96% N N + +
> 0DIng &ﬂh m N 0000 = - - t
plot for subgroup analyss; of probing mmp'nam on glycemic wpabenu Wit type 2 diabetes ey 20 : Peogeaty ",,;2," ";‘;rz::‘:olk A as A ° s 0s
of us M L overall ¢ addiie® a2 F=
el a I patents with T20M (g), | Confidence ii\?::;o&d'fbem (ND) patients (A); forest i Test for subgroup diferences 7 = 2487 b e
- IV2 nVQ'S&Variance SD: 4 ad B g
i . SD: Stand. | olperid mbmmumumummwmzmmmowmmmf:}p&ws
chers have found thy TTT—— w"‘“"i'““f‘ Pb';’;m‘h:p::m'wdw.mplammbssbasedong!y(m' levels of patients with T20M (B). Ck: Confidence interval. IV: Inverse-
Resear : , for sul
adhered bacteria in the peg i ¥4 mechanicy| debrid PR s‘;'f’éuﬁm deviation. i R oy Rl
and ther, M'unphnl area, hyr 1 ‘"‘emmnno, | S TSI B e ——
\d thereby balance the impact of hyr. I could also redyce h only release a load of ;
d“m““l “’hm“ study evaluated the e‘feyupe:; ycemia op pe”"mplantrf V“";I:JLI\ diabetic patients Pre ic reviews and meta-analyses in which researchers focused on explaining the
PIBL* A¢ the 6-monh o p, oral hygiene Mainte e, esearchers in @ ‘VIc.:us s;:zemﬂn hyperglycemia and peri-implant mﬂmm\.x‘:‘i‘\?«bﬂn several mhettnt.ﬂaws.
kvdz A rolled glycemic ey, (HbA' Bp;'a'“ﬂm were “Wﬁcnn(:n Peti-implane BOP, P, indu:;non AKE? lled confounding factors (such as ‘““*ﬁ.“" iV bone augmentation ot
' trheyw follow.up, ﬂ\edllf;" 1%) inpatieny ¥ higher jn patients with -k ng unc\c)n::m o ot cardiovascular diseases,'* and type 1 diabetes mellitus™’), no
i clabetic patients’ glycemc els was o[:""g €68 Were no longer y; i Well-control|ed glycemic g"”mmn' & short follow-up of less than 6 months,''?*" and inclusion of cross-sectional
panmnm‘ d";‘mdmh b ed be &6, mfr‘\ L A significant decrease “udicow?ul Tmup. parison with these studies, important patient-related confounding factors
in diabetic i es. % In com| =
hygiene of the carte. |00 W Y‘;'“‘ cou Ypergl 4-month follow-ups Were strictly controlled in our study. Moreover, cross-sectional studies were excluded because the
1€ patients way | Blycemic levels, | "Blycemiq and the peri-implant S Mrigtiy contio: investigating causal relationships. However, our study also had
vation petiod wese 5 of  Reductiony i, t of our includeg c'l)lc he oral design was not suitble for inve
i i Studies, the 0! N \
nificant subgroup differences jy, i h":hded studies, 2021,2.7 ¢ Values throughout d.\e obser* hmlm“m?s' 0 blication bias could lower the evidence power of our study. Second, the
groups, PNt paramegery between ¢ Is coylg explain the nonsié m&m. snum:\camfa Plued :_,a“phm the high heterogeneity, which might be a result of uncontrolled
t roup analyses fal 2 4 %
P SR s T ¢ WCT2DM gng pe.-T2DM m\phm"thmg"_mm ' confounding factors (such as type of edentulism and loading protocol).
A " o ' : : 199
JADA 152(3) . M‘DI " - = B JADA 1523) w http/jadaadacrg ® March 2021
’j‘d“lda,wg » March 202!




200

0

0.498 4

0.996 +

STANDARD ERROR

1.494 4

1.891 4

0.021 4

STANDARD ERROR

e
STANDARD ERROR
o
w
w

o
>
o
v
L
ermeneeanl

LN 2
T —_

0 2 4 6 s
B MEAN DIFFERENCE

) A g .,,.,‘\‘ 0.66 - \

&

o
~N
»

o

o

o0

~N
n

0.124 .

STANDARD ERROR

°

S

&
)
”

V'
K}

0.248

.""' nd Colleagues, » 2015, i

&
-0. -
4 -0.2 0 0.2 04 06 o

D MEAN DIFFERENCE

y high rates of peri i Stigators from 3 coh, d

ows patiengs 32 Hﬁ:‘,‘e"r‘l’l:nlt Mucositis (56.9%(; :nr;spt:ﬂ)"
i _ e _ S RIe

recruited i “Z’ﬂfoundmg variable 2 fCPOrted' implant fajlyre, "nl); li;a:;:dUded study,” which

in 2 studies only,222 54 » Participants with jmmed: fl’x asrotocol is another

A oaded jmp]

<) lant failyre mﬁdﬁl:it:al:vei::

estimate the impact Periods, rangi Furthepm~) ¢ included studies had

of hyperglycemia op from 12 through 36 mr:;mth: included studies had

» Which could under

plicatio tal implangs, Extended

obtain g more d,ﬁn,:;t:m Instance, the rage of ht:plnn!

weu.mm‘l‘l’;‘l""on. clinical rials with

confounding factors are

Yy edmtulous

§ONCLUSIONS
atients with T2DM seem 1o be
patients. Regardi . able to ach;
patients wiﬁ?}f:‘é NDhnt m‘:::v;: i of implane Surviva|
Patients; hoye, Significanc differe, similar to that of healthy
S T ver, BOP ang pjp; .,,"‘,: s found in PD between
D e bly higher in patien®

SUPPLEMENTAL DATA

. Supplemental data related o this article can be found at: hreps:

with T2DM, indicating that hyperglycemia is an important risk factor for peri-implant inflamma-
tion. Among patients with T2DM, an association between peri-implant parameters and glycemic
level was not found, providing oral hygiene was strictly maintained. Considering the limitations of
our study, clinical studies with larger sample sizes, long-term follow-up periods, and well-controlled
confounding factors are required in the future. ®
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