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Abstract (J Korean Assoc Oral Maxillofac Surg 2021;47:153-174)

Dental implants are popular for dental rehabilitation after tooth loss. The goal of this systematic review was to assess bone changes around bone-level
and tissue-level implants and the possible causes. Electronic searches of PubMed, Google Scholar, Scopus, and Web of Science, and a hand search lim-
ited to English language clinical trials were performed according to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis)
guidelines up to September 2020. Studies that stated the type of implants used, and that reported bone-level changes after insertion met the inclusion
criteria. The risk of bias was also evaluated. A total of 38 studies were included. Eighteen studies only used bone-level implants, 10 utilized tissue-
level designs and 10 observed bone-level changes in both types of implants. Based on bias assessments, evaluating the risk of bias was not applicable
in most studies. There are vast differences in methodologies, follow-ups, and multifactorial characteristics of bone loss around implants, which makes
direct comparison impossible. Therefore, further well-structured studies are needed.
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I. Introduction

Bone loss following tooth extraction is an important issue
that requires rehabilitation'”. Treatments such as removable
or fixed prostheses do not typically provide satisfactory func-
tional and aesthetic outcomes'. Endosseous implants with
predictable long-term success rates (SCRs) have become
popular in overcoming the limitations of conventional treat-
ments and improving the quality of life"*”.

Survival and SCRs of implants are related to surround-

ing bone quality, quantity, and preoperative mucosal tissue
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characteristics™®. Patient age, oral hygiene, presence of dental
plaque and microorganisms, implant location and features,
surgical procedure, and prosthesis type are statistically sig-
nificant factors for SCR’. Moreover, marginal bone around
implants is affected by various factors including smoking,
periodontal disease, socket condition, healing after insertion,
and implant abutment microgaps®.

Many studies have analyzed ways to improve implant
features since the macrostructure, microstructure, and bio-
mechanical design of implants affect marginal bone-level
changes and subsequent tissue interactions'”*. Roughened
hydrophilic implant surfaces enhance bone healing, osteo-
genesis, and bone-implant contact (BIC) by accelerating cell
migration, proliferation, and differentiation®”'"’. SLActive
surfaces have been created by coarse grit blasting and acid
etching in order to promote fatigue strength with the mecha-
nism of stabilizing blood clots in the defect area without af-
fecting osseointegration*"".

Two types of implants have been introduced based on their
macrostructure characteristics: bone-level (BL) and tissue-
level (TL). BL types are placed with the neck of the implant
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at the level of the crestal bone and can cause marginal bone
loss (MBL) following bacterial contamination or inflam-

mation'>"

. Therefore, the TL design has been proposed to
eliminate inflammation and subsequent bone loss. However,
it may cause a gray metallic shadow through the soft tissue
because of the metallic tulip-shaped shoulder'>". BL im-
plants are the implant of choice in esthetic areas since they
can be placed more apically and create a desired emergence
profile'*"”. It has been reported that SLActive BL implants
induce bone apposition*.

Implants are designed to be used as a one-piece or two-
piece instrument. More crestal bone loss in two-piece im-
plants may be due to microgaps at the implant-abutment
interface for bacterial colonization of the implant sulcus or
establishment of an adequate dimensioned biologic width
(BW) to be associated with marginal bone resorption'®".
The implant—abutment microgap is possibly related to the
precision fit between the implant components subsequent
to the implant system design and the torque used to connect
the components'’. Researchers have attempted to introduce
designs to eliminate the microgaps'®. The gaps and the fol-
lowing disadvantages have been diminished using TL im-
plants'>". One-piece implants could provide a more effective
seal against microbial leakage by reducing the size of the
microgaps resulting in a reduction in inflammatory reac-
tions around the implant-abutment interface and subsequent
marginal bone resorption'’. The abutment-fixture connection
(AFC) is an important factor for the long-term stability of im-
plants and hard and soft tissue due to the presence of micro-
gaps'*”’. Therefore, the prevention of microbial leakage at the
AFC is a major challenge for the construction of two-piece
implant systems to minimize inflammatory reactions and to
maximize peri-implant bone stability”'.

The most common AFCs are external hexagonal, internal
hexagonal, conical, and mixed'””'. All the connections exhibit
a certain amount of microgaps and bacterial microleakage,
although fewer are seen in the conical and mixed connection
systems’'. The most favorable results have been reported
when implants with an internal Morse-taper connection
have been utilized, resulting in minimal bacterial leakage to
the threaded aspect of the AFC. However, dynamic loading
increases the potential for such bacterial penetration'"*'. Plat-
form-switching has been introduced as a method to shift the
stress inward and enhance hard tissue stability, papilla main-
tenance, and the soft tissue seal'®'****. A study reported 0.7
mm versus 2.5 mm bone loss compared to the conventional

connection design after 6 months of loading while the other
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design exhibited 0.12 mm versus 0.29 mm bone loss after one
year'®. Another assessment demonstrated no bone loss after
2 years'®. Until now, no implant system or connection design
has been able to provide a perfect outcome at the AFC.
Minimizing bone loss both horizontally and vertically
around implants, which is essential for good aesthetic out-
comes of implant treatment, has been the most challenging
issue in implantology. Therefore, the aim of the present sys-
tematic review is to review and compare BL changes after the
insertion of BL and TL designs of implants and assess factors

affecting bone loss.

Il. Materials and Methods

This systematic review was conducted according to the
Cochrane Handbook PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analysis) guidelines.

All clinical trials which focused on BL change after the
placement of BL or TL implants were included. The search
was limited to English-language studies up to September
2020. Abstracts, letters, and reviews were excluded.

Type of participants: Any humans with edentulous regions
in one or both jaws with BL and TL implant placements were
included. Studies which focused on the soft tissue, aesthetic
results, or did not mention bone resorption for each kind of
implant separately were excluded.

Type of interventions: Studies that had used one or more
BL or TL implants were included. Studies were excluded if
they had focused on biomechanical features or the survival
rate (SVR) of implants or had evaluated implant stability and
micromotions.

Type of outcome measures: BL changes after implant in-
sertion were reported by measuring MBL (mm), mean bone
fill (mm®), BIC (mm), new bone height (mm), and mean bone
level (mm).

Information sources: Our electronic database consisted of
PubMed/MEDLINE, Google Scholar, Scopus, and Web of
Science. Additionally, a hand search was performed to assess
publications that were not electronically distinguished.

Search strategy: An electronic search was performed in or-
der to select relevant studies using the following terms: “bone
level implant”, “tissue level implant”, “bone level implant”
AND/OR “tissue level implant”, “bone/tissue level implant”
AND “marginal bone loss”, “bone/tissue level implant” AND
“bone resorption”, and “bone/tissue level implant” AND
“marginal bone level change”.

Study selection: Two independent authors conducted the



search based on the aforementioned keywords. In addition,
they carried out the initial screening of titles and abstracts
from selected studies in accordance with the eligibility crite-
ria. Any disagreement between the authors was resolved fol-
lowing a discussion with the third author (periodontist).

Data collection process: Review and data extraction were
performed according to the PRISMA flow diagrams. Two au-
thors also reviewed full texts of the articles and extracted all
the data independently.

Data items: Results and data extracted from the included
studies were classified in tables with the following columns:
study type, study design, implant placement area, bone re-
sults, non-related bone results, measurement device, defect
model, and follow-up.(Tables 1-3)

Risk of bias assessment: The criteria used for assessing the
quality of the included studies was obtained from the Co-
chrane Center. The provided guidelines consisted of the fol-
lowing parameters: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data addressed,
and selective reporting. The degree of bias was categorized
as low risk, unclear risk, and high risk. The risk of bias was
evaluated independently by two masked reviewers. All dis-

agreements were resolved by consensus.

lll. Results

After the initial search, 173 articles were obtained. Fol-
lowing the removal of duplicates and irrelevant studies, a
total of 97 studies were selected. Full texts of the selected
articles were screened and with respect to eligibility criteria,
59 studies that either were in vivo or had focused on soft tis-
sue results, biomechanical features, or implant stability with
no bone-related reports were excluded. Finally, 38 articles
were included in our systematic review.(Fig. 1) Data were
extracted and further classified in three separate tables.(Tables
1-3) Table 1 consists of 18 studies that used only BL implants
and 10 articles that used TL implants were placed in Table 2.
Table 3 comprises 10 studies that compared BL change re-
sults of both BL and TL implants.

Patient sex, age, and number: Among the included stud-
11022232631 Between all the

studies mentioning mean age, maximum mean ages in Tables

ies, 10 did not mention patient sex

1-3 were 65.8', 54.63%, and 60, respectively, while mini-
mum amounts were 33>, 36”, and 39* in order.
Comparing patient numbers in the studies, the highest

number of patients in a single study was 8817 with the lowest

Bone loss in tissue and bone level implants

being 13 in another study'>”'. Only 2 studies did not indicate
the number of patients™*,

Implant numbers: Various implant numbers were reported.
The highest and lowest implant numbers used in the studies
were 908" and 16’ in Table 1, 1,692* and 16™ in Table 2, and
337” and 32’ in Table 3, respectively.

Study design: Various methodologies had been used in the
included articles. Seven studies utilized implants with SLAc-

1,9,10,13,22,28,35

tive surfaces , while 7 studies focused on the plat-

5,23,24,36-39 . .
- . Two articles inserted

form switched implants effects
implants with both mentioned characteristics'>"”.
Seven studies applied grafts in their surgical proce-

2,16.40

dures in which 4 of them indicated the use of autogenous

bone grafts™'>*"**. In addition, 10 studies mentioned guided
bone regeneration (GBR) in their methods™**'*2%*32¢434,
Implant placement areas: In 10 articles, implants were

10,15,16,19,23,24,33,34,43 45

inserted in the maxilla , while 4 studies

chose the mandible as the placement area"****'. In 22 studies,
implants were inserted in both jaws™>®!320:2327:293032,35-42:4446
Two studies did not state which jaw was used””.
Measurement devices: The majority of studies used only
periapical radiographs to estimate bone resorption around the
implants>®>!>!>16:19:2227339398 “poyur studies utilized cone-
beam computed tomography (CBCT) images'******, while

1,32,42 . .
== A combination of

3 studies used panoramic images
panoramic plus periapical images and CBCT plus periapical
images were used in 6 studies™******* and 4 studies’*****,
respectively. One article evaluated MBL through the help of
CBCTs, panoramics, and periapical images®, while another
used panoramics, periapicals, and computed tomography
(CT) scan images’. One study reported a radiological device
to measure bone levels, but did not provide specifics™. Only
one study used a morphometric method™, while one did not
mention the measurement device™.

Follow-ups: Follow-up duration varied widely. In Table
1, the shortest and the longest follow-ups were one month®
and 5 years®, respectively; in Table 2, these values were 3
months™ and 15 years”, respectively. The longest period of
follow-up was 7.8 years®, while the shortest period was 3
months’' among the studies that used both BL and TL im-
plants.

Bone results: Bone status after implant inser-
tion varied. A large number of studies indicated bone
lOSSS,(),l(),19,20,22,24,25,27,33,39,40-43. MBL and BL Changes were
presented in 13 studies™™®'***?32$31303847 and 11 stud-
jes! P 1BIIITAE pegpectively. Other bone results in-

volved reports of BIC* and distances from implant shoulder

155



J Korean Assoc Oral Maxillofac Surg 2021;47:153-174

ouwx

9°Cy -UBSN ¢'8¢ 71 WOl T°0T -SHd UBSIN (dOL-9 % VH
Surpeopisod :93®. UBQIA (9%0¢€) JOg 2 (wmuw £'7) (ww ¢-() “o3uer) :)je13 ouoq dn-mofyjoj (L102)
oul 84-9¢ N 6/d11 [edo130[01pey (d 10 SeIel UBIPAW MO] WUl GG'() :SSO[ AUOq UBIA UBAI/XBIA oﬁosmimv MMWO LY aAnoadsonay  [B 19 ZUdIo]
w179
wu 84— D I0JoWeIp
IS ‘uonoejsnes wu /70— L plepuels ;D)
193 uBo\ juaned 29 UOTSSQ0T 0w g1 Tejouraxd (ww
Surpeopisoq (%¥9 4 [EAISUIS UT SOOUAIRHIP ON Jeqiwis .out 9 Auy €'¢) MOLIRU 1], LOY (6100)
owgr®9  /%9¢ W 0S vd %001 “dAS % dOS :o8ueyo Tg UL UBJA/XBIA PAVIS IZIL LY oanoedsord e [ezeyn
wur L0 +d
wuw 8/0 v
1A G 29 [ uoamIaq THIN UBSN
1K1ST 9y
unpim wu 61> TN UBN
wur6°1 -4
wur 86°[ 1Y paSiowiqnsuou g
MAS 19MO[ jwl ()¢ 1K YIS podiowiqns 1y
1K 09< Jo 19jowreIp B yim syuejduy wur /7] g (syuened o¢)
syuoned QW) QINJIEJ UT 9OUIIJIP ON ww 07’ 'V AgD
LT 1K 09> vd %96 4 (TN Jo Kofeur) 1£3s] 105008 Ysa1]
1K G sjuaned GG orwreIoued %6 'V TN UBSIA 1S04//Uy [euoSexay (8102)
Joj A[renuuy d0E/IN ¥ LOodO “AAS TN Ut moo:EoAt% ON UBIA/XBIN [ew - I aandadsonay g [B12 M
[eIsIp
29 [BISAW %€ % %HE'E) SISLD
JO 9¢ punole yImois suog
L'es (Terstp %9 [ersowr
:03e ueo %6°€ 2 %S ) suerdwr [BUOTUAAIUT
(N JO 956> ur ww < d3ueyd g -uou
BT YYId %96 -d0S (TeIsIp 29 [eI1SOW %819 % 1s0duy IsyuLonnur (€100
KeR®TT  %YSS) TS vd %S'86 MAS  %T'T9) Td [eIsaId Ul d5ULYd ON UBJAI/XBIA SADYIS 806 eanoadsord . '[e 39 ddryrg
)JeI3 suog
[euoSexay
S 'so3prq Sunioddns wur () [euIU] 9102)
(ueour) :93. UBQIA vd juerdwir ur AJUO S)INSAI ASIOA\ :sso[ auoq juejdwr-rrod uesy 1S04//Uy paiode) 2 JTe 10 1sseq
ou 9'yf N 1€/ 1C dlureloued %001 “IAS PDLL TN UBSIN UBJA/XBIA [eoLIpuAy  Z6 2A122ds01q ISeaIpuy
BoIe
dn-mofjoq (k) NI S)NSaI YO S)[nsaI auog juowraoe[d uSisp syeyduny odfy Apms
93e 29 X0  JUSWIAINSEIA ey Apms Jo "'ON Apms

sjue|duw 1g paussUl Uo seipniS *| djqeL

156



Bone loss in tissue and bone level implants

Wl ()" :0W 9¢
wu go'| (oW $g
wur 9g'[ :ow g
:dd UedN
Jrqess :eqided

‘our 9¢
J© WU ()" ] O} QUI[3Skq I8 Wl

29 uidreuw [eA1SuId [eroeq ¢ WOIJ ‘paseaIddp g [eI1sa1) W+l
‘sisaypsoad [euty 29 feuorsiaoxd (ow £(°( ‘UeoU) OW Q¢ :uonisod uoq
woly AII[Iqe)S ULQW UI 9SBAIoU] 0) QuI[aseq Woij dFueyd W )003) snouagoine+
%S S6 DS [euonoung 1T Y (96 y) ouo 2p wiw (41009 QADDVYIS [eUOLEAIRSqO
ow 9¢ L6V UBIN %001 “dAS S°0> (%5°56) syuefdwr SO 9[3uIs) Juy 7 paydIms wre-o[3uls (L102)
YT Tl 9 AE€T/N 8 vd %001 “¥dOS TN XeIN wopeld < [oqe[-uadQ o 810 08D
pojuowdne
q -uou g
'V Ul 9[qRIOAR) $S0] 29 V U0M19q SIOUILJIP ON (ypooy pajuowSne 1y
1L 81< ‘SdHd ® 1IVOI wuw (O]~ :98uryd T UBSIA 9[3urs) Juy paydIms 110400 (€102)
ow gl X L 09 NN wu /67 :dd UBON ow 8| XBIA -woje[d 09 oAnoadsold . '[e 30 Sunueg
wuw §1°() ‘oW 7|
wuw §[°( ;oW 9
(W T) UOISSOIAI IQAS ON wuw 6()°() ‘oW ¢
ww €67 ¢— NI [elor] +dId UedN
ww ¢34 :dd ([ ¢z°( >] ssof auoq
9C°0 ‘1dS [elIUIW [RIA CT 29 Wl ¢°()< AgD
LY 9¢°0 ‘Id sso[ euoq yim juepduir 1) (ypooy QoINS
ow 7] 195 uBo\ TUBIIN W §1°() :SSO[ UOQ UBIA 9[3uIs) Uy  PaYdI9-pIOR % SOLIOS ASBD (6002)
9°¢T AST/N S vd ow gy ow gy XeIN paise[q-pues 0¢ aanoadsolg op [B 39 Josng
ww Gg' K S
“uI3IeW [2OONQ UI 9OUAIYJIP ON ww 660 A |
1K G 29 Qurpaseq W 9°() :ouIfaseqg
29 1K G 29 | USOMIOq QOURIJJI(T 01d
ww ¢ K G 1K
w67 K | 0) QUI[ASEq WO} JOUIRJJIP ON
wwr §()'7 :oureseqg ww g7°() A G 0) aureseqg
:Q0UB)SIp ww ¢z A G0 | (rejowrard)
1'L{ ‘uealy jutod 1ov)u00 03 dy eideg ww 9(°() IA T 0) dureseqg 1504 PayoIIMmS [eotur[o (LT02)
KS® 1 A ST/IN 02 vd :9nssn 1Jos TN UBSIAL UBIA[/XCIA uLope[d 19 aAnoadsolg o 1839 080T
(1K) Q01AQp vole ugisop syuepdur adKy
dn-mof[oq S)NS?I Y0 S)[nsa1 uog juawaoed h Apms
a3k 29 Xo§ JUOWIQINSBIIN T Apms JO "ON Apms

panuRuoy °| aqel

157



J Korean Assoc Oral Maxillofac Surg 2021;47:153-174

(ww 1-() Apsowr
fs)JeI3 snuwe) ww g6 o

(wrur () Apsowr (s10939p
(S)JeIS [BLIBA[RD) WW [{°() [eIuOZ1I0Y WINLIBA[RD 1O
S)JeIS snwel ul 94,1°¢6 :uonejuerduwr 10je TN UBIN 2 [BONIOA snuIes wolj
1JeI3 [BLIBA[RD UL 9%€°06 (s)yeI3 snwer) wuw 40 SNO[MUAPd  S)JRIS [BO1I0D
ouwr G ‘UBIA 161 ‘UBIN 10 MOS (s3JeI3 [BLIBA[EO) WIW §T°() enyed snouagony
3urpeo| 1K 69 01 81 vd sdnoi3 y10q 103 9001 :uonejuerdur 29 150d) poyoNIMmS (T100) [1e 10
3sod ow 9¢-71 IWN9/d7] orweloued MAS 910J9q SSO[ dUOq UBIA UBIA[/XBIA wioped 09 [eLn [eo1uI) odsedery)
wuw g0 Ly g T
wuw 10 A |
ww g(0°() :ourEseqg
TN
"JOBIUOD dUOQ JO [9AJ]
ur oseaIour y)im syuepdur £
wur 6] 1A ‘syjuounnge 1],
ww g'g Ik ¢ g % IZ Ul "TdIA Ul 93USI9jJIp ON
wuw [°g :oulasegqg (9ouarayyip (rejowraxd
:(dd Ues]N Jued1IUSIS ON) Ww Z1°(0 0] [e1IUJD)
%6068 -[[eO9l [eUL} 1B SSO[ 9U0q UBIA (ooy (¥100)
€€ [UBQIN vd ur 113 eqided 9joidwo) ‘I1e Joy ww ¢'0> THIN Q[3uIs) Uy payYouIMS B E
Kyee W VA €C  dlueloued %001 “IAS ‘[ JO UONEISAUI [NJ$s200ng XeN wopeld ¢S [BL0 [edIUID ngorue
(£¢-1)
W 400 29 (1K 1) ww ¢/ g
(ww 01°0-)
1K -1 uey (W ¢/°0)
1K T 10J SSOJ QuOq 19)BAIT 1Y
-oeqqided Tejsip 29 rersow ‘syuerdwr jo
ul [d Ul 9SBAIOUI JUBDIJIUSIS 9%L°9L Ul WU [> JO SSO[ duog AgO+
PIm sasuodsar re[ruirs Uk g (ypooy  [esoonwisuel], g
S Juoned “IA T 191je Ure3 ouoq Je[iwiS  9[3uIs) SIS posiowqng 1y
:93e uedIN quo ur Kjuo JOog » (ww g= ww §/°0 :q IeJOW-UON paydIIMms (8102)
(BSTY) A LT 19 [e1s010) snnuefdul-Ladg w6670 -V uy uLope[d Are). | o 1832
KGHeTT (BSLSINET vd %001 “IAS -SSO[ 9U0q UL XeN QADOVIS 0¢ oAnoadsord  US[[IND-SAIOL]
(1K) Q01A9p oIt ugisop sjueduwr adKy
dn-mofjoq S)NSaI YO sy[nsal auog juowrade[d Apmg
988 29 X  JUQUIAINSEBAJA T Apms JO "'ON Apms

panuiuoy 1 alqeL

158



Bone loss in tissue and bone level implants

(I3 ON)
wuw [¢0- g INMUAPIIAQ
¢ 0- -V QADVTIS
(@) %1'v6 % (V) %9°96 “4DS -our gy (uorgar “IoroweIp
8¢9 (@) %8'L6 ® (V) %6'86 “AAS ww ezo--d [euru -llews AL LOd
193k uBdIN ow 7] wuw §7°0— 1V -e10JI0)UI) opein 1], :q aanoadsord (T100) (T8 R
ower®9 16 Jrueroueq 1dS % Id Ul S9oUSI_]JIp ON :soBueyo T Isour :our 9 e\ IZETIL -V 8LI ‘purq dqnodg SEMEN-TV
(W #9°0) €1
29 (Ww £8°0)
71 103 1daoxa elep
ow |7 YIM QOUIJIP ON
0w ¢¢
wur9c 0 -€L
wwrgg'0 -eL
w660 *I.L
w6y 1 -0
ow g AImnsqns
1SSO[ QUOQ UBIA! Quoqg+
“IoJoWeRIp wuw G°G €L
jueldwr-jusunnge 2 TN wuw 84 7L
U99M]9q UOTJB[ILIOD ISIOAU] wuw ¢4 1L
1'2S 'S$SO[ QUO(q JO JUNOWe wur §°¢ 1D
ow ¢¢ 1986 uBdIN ww ¢> (4 29 SuryojewsIu Jo JUAX A 1504 ‘SIo)oWeIp (0100) 5, Te 32
‘TTST6 dVI/IN LT vd dO4d ON U99M13q UONB[ALIO 9SI9AU] XeN uLopeld 69 LOY of[nues
([6°T L] @sea109p JueoyIUIISUOU
B m M g e 3daoxa syuerdur
'Ly ‘[€°08] 1L 1 03 pasearour) 7 punore 1oy3Iy 10 W G'()
:93e uBQIN L'TL :dur[aseq e AI[iqels wu §7°() :S0[ 1504 [eowarD (S102) ,, T 32
1K €1 109D %001 “4DS Quoq JUBDIUTIS 2 SnoNUNUOD) XeJA QAIYIS L€ aanoadsold JIAONIRIA
(Www g D ‘ww gp L L)
ow ()9 2 (W 9] :D *SSO[ QUO(q Je[IWIs :0uW ()9
‘wu 6°() 1) oW 84 :a3ueyd wuw /¢ (- :ou )9
dd Ul S99UAIdIJIP I1SATIe] wul 7' 0— oW g4
eqided [ersow wur ()] °0— :0W 9¢
29 INOJUOD dNssN 1Jos ‘SHJ wuw g1°()— :ow 7| AgO+UMoI
ur syuawoAodwt a1ow D BINOWIM Yo ;D
‘sa3ueyo peounouoid arow 1) wuw ()~ :ow )9 umoI
sagueyo payrwi] A[UQ L ww [§°(— ‘oW 8 (300} Arerodwo)
:sa3ueyd (d UeoN ww 7°()— ‘oWl 9¢ 9[3urs)  Jurpn[ooo-uou
O 96r (ow 09) %.°99 % (ow 8) (ssof auoq jo yead) Tejowoxd Ym pazlf
% (1) 6'8% %688 ‘(0W 9¢) %8°LL D w9 Q—-owr g1 Ay -euorsiaoid LOY
our 09 UBN BN -L eare Aarerpawuuy -1, pur[q o[Surs (6102)
% 8t ‘O¢ dT1/INS vd %001 “MAS ~ :OUIsEq WOI} OFULYD T UL onayIsy QAIRV'IS 91 ‘oAndadsorq o 819 souoqg
(1K) 901A9p ot ugisop syuepdur adKy
dn-morjoq S)[NSaI YO S)[nsa1 auog juawaoed h Apms
93e 2 X0  JUSWIAINSBIIA T Apmg Jo 'ON Apmg

panuRuoy °| aqel

159



1202 841§ ODJOIIXDY [D4() Q0SS UD2LOY [ SIDLL [DITUID JO MIIAAL JYDUIISKS D SUp]diutl [DUP 1949] 2UOQ PUD INSSIY UL SI0IIDJ PAIDJ21-SSO] JUOY [V 12 ID2DLIOJ PIUIDE]

(xopur anberd :1q ‘D14 1811F oY) 03 I9p[NOYS Jue[dwT WOIJ doULISIP g ‘WNIUOITZ ¢ [WAIUBIL], :TZ¢ [1], ‘POUONIUAW JOU (AN

Xopur onaylsoe umoid juefdwr 7y ‘rop[noys juejdwi oy 0} UISIEW [BSOONW ) WO} JOULISIP (NI XOpul SUIpag[q sno[ns ;IS ‘109s onayise yuid :SHJ 9orIu00 Juejdwi-suoq :D1g ‘Suiqoid uo
3urpaelq :dog ‘ydep Surqoid :(qq ‘Jonuod 1D 159y 1, ‘@yeydsoyd wniofesn-eieq :dDL-q ‘mnededxo1pAy 1y ‘Tern [eoruro pazrwopuel 1Y ‘Aydeidowo) payndwod wreaq-ouod D) ‘UoneIauagar
Quoq papIng YO ‘AIel $S900NS YIS ‘Orewl (A ‘Orewdy : ‘[eordenrad 1y d ‘Orer [BAIAINS YA S ‘SSO[ 2uoq [eurSrews JGIA Jo1)sod 1504 ‘JOLIUE HUY ‘Q[qIPUBW [UBRJA ‘B[[IXBW (XBJA ‘[9AJ] QU0q Ig)

J Korean Assoc Oral Maxillofac Surg 2021;47:153-174

war g0 <L
wuw €z D
UK ¢
ww g0 L
war L2 2D
kg
w0 AL
wuw z8°0 D
UK T wuw §'7:L
:a3ueyd g uBdN wu | 1D
wur ¢¢°Q 1L, SIySIaY
wur €1 1 jusunnqy (L100)
KewT'l - vd - :0) dn ssof auog NN QAIDVTIS 09 [eL [edIUl[5 2 1819 BOAON
“Aeistp
2% Aq[esow D/11 % TI/1L
U99M)2q SAOUIJJIP JUBIIJIUTIS
“K[rerstp wwr 00
29 Aqrersowr wwr 7z°0 0
“K[rerstp ww 61°0
29 A[[ersowr wur $¢°() ‘7L wuw g<
“A[rerstp wwr 41 o D
29 AJ[ersow wiwr 7g'1 1L QueIquIW
UK T orudgol[e
“A[resstp wur 81°0 Pim
29 Aq[ersow ww £1°0 1D pauaydIy)
“A[reistp wrar z° um -ZL
2 A[eIsow ww 9170 7L SS9[ 10
“Aqreystp wr ¢/,°0 wur g ‘urgy i1,
K72 €LY 29 AJrersowr wiwr 6/°() 1L 1SSQUYIY) [e1n [BOIUI[D (S100)
Surpeopsoq 193 uBo\ o g 1504 [eAruId pa[onuod (STOTAYUI]
ow g 1 69/IN 8¢ vd %001 “IAS -SSO[ auoyg UBJAL [BONIOA L6 2An2adsoIq pue s&smg
(1K) Q01AD ot ugIsop syuedwr adKy
dn-morjoq S)[NSAL YO S)[nsa1 auog juawooed Apmg
93e 2 XS JUWIAINSBIIA - Apms Jo "'ON Apms

psnuRuod °L aqel

160



Bone loss in tissue and bone level implants

K0T

1K ¢°G [UBQN
K01

{¥ :93e U
(%T'Ly
‘W €¥1/%8°TS
1091) €0€

7'TS 93 uBo
(d S8E/IN 961) 188

W g0~
NI UBOI
TE'T 19SS UL
ww
LT€ :ad W
$9°0 ‘I UL
%0°L6 T4DS
vd %8'86 "AAS

vd

orweloued %T'86 “dAS

18910
ur oejans juejdwr Juore
de3 juaonjorpes moireu
:sdnoi3qns om) 1ope]
W [6 < %Yy
*($SO[ QuOoq JeIdpow) W
S W 16°¢ UPMID] 19%6'Y¢
*(ureS 10 sso[
au0q OU) WW ¢'T> %ETT
*(sso[
QUO( [eWIUIW IO OU) WL
06°¢ % 16°C UeamIaq 1956
d1a
ww gete 1 g1d uesN
YIPIM JSID JUIDLNSUL
pey syuepdwr jo 9,97/ 1
*so)1s Juerdwr
JO %0OL Ul Ag Iueldrng
"IK G 191Je A[UO :SSO[
Juoq ww ¢< Y syuerduy
'SSO[ QUOQ WW [< %6’ ]
‘1K ¢ ur SSOJ Quoq W >
pamoys syuedur jo 9,66<
TdIN
Pparooyye Joyowrelp juejduy
*K[snonunuod passargord
29 1K 18T J9)j8 payIe)s
sso[ euoq ‘syuefduwir / uy
CIAEICE
® POMOYS uay} Inq 1K IS|
UM WW [< SSO[ Auoq
A1rea pamoys syuerdw ¢
(kgL
G'G) TN 2aI1ssaidoid ym
paAowar a1rom syuepdwt g
wuw g< TN
o13ojoyred ym sjuerduwr 41
ww /770K 6
wu 170 A L
ww 600 K G
wu /00 A ¢
:SSO[ QU0q [[BIAQ

SNO[MUIP
Aqenreq
1504/ /Uy

UBIA/XRIN

1S04//uy
UBJA/XBIAL

2ANOYIS

919 u1 113 snurg
%L L U YgD

(z100)
€ I8

11S aAnoadsonay 1esng

[BUOTIBAISSQO
orydei3orper
aanodadsonoy

(8100

69°1 . Te 10 Suey

dn-mofoq

(3£
a3e 29 XaS

Q01AP

SINSAI I
JuauwaINSeLIA i 1o

S)nsaI auog

eare Juowaoed
juedwy

u3isap
Apmg

syuedur adfy

JO "ON Apms Apmg

Sjuejdul 7| papesul Uo seipniS g alqeL

161



J Korean Assoc Oral Maxillofac Surg 2021;47:153-174

uonoa1I109 Jjo[dwod Aue
INOYIIM ‘SISED JO 95,06 Ul
juowaAoidur enred Afuo :D
AR VIO BEO6LY®
%001 JO uonda1109 Aa[dwo))
‘saanjrej juejdwr

(ww g<) a3re] ;D
(ww g-¢)
wnipow :g

7 % (Sunjei3ar paposu S109J)0p (W ¢>) [[ews 1y
QUO) saIn[Iey 1JeI3 omJ, auoq jo 1J09J2p [BONIA
"SOZIS 109J9p [BINI0A [fea [esonq (gexso[re) Y40 (¥100)
Juowean-aad JuaIogyIp PpazIeoo| snoaue)NWIS S, TUBYRIR]
1"9% ‘UBIA y)m 3unjerd snooue)nuwis 1504 puerdur -1peqeZIog
owr 9¢ (4 0L/ 8€) 80T 1O4dD b1°86 “dAS UT SOUAIJJIP JUBOYIUTIS UBIA/XBIN [esoonwisues], 9¢1 [eL [estuls pue o]
wuw r9°¢ g
wur g/°¢
Y [eisaw dd
-dd ut
QOUAIRYJIP ON
1S NBIN pamoys
% Id 20wy %t 0¢ ‘Suedwi uy JO
(8L wunurxew) wur L8] NBIN pamoys stsATeue (S100)
(K 61-p) £9'7S “UBN ‘PpIm %€ 0 ‘Swuedwr 1504 JO 1s0duy A0 s [eUOno9s 1B
K8/ “uedN A ¥TT/N L6) T1T Jnueloued N UBSN Td [BOTMAA UT 90USIOlIP ON UBIA/XBIN IN2IN -V L96 ~SSOIO [edTuI[y) uromper]
wur £ 2D
wur ¢ LL
:(ure3 [eONIoA UBRIPIW)
wur 17 =9
wur ¢ AL
:(ure3 yIpIm uerpaw)
15)09Jop [BIIe]
JUSWIAINSBAW PUOIAS
wuw g0 souelq
:($309J9p [BONIAA) D wow payuI[
wuw '] -SS0ID-UoU :D)
:($109J9p [eO1IAA) ], SQuBIqUIdW
O% L wuwr 20 [105 payuIf
10} Aouonbaiy :(S30959p TRIONR]) D SSOIO 9SOqI ], [e1 Ted1uId
%bSS ¥ DS OL wur g ‘SoueIquIstI to1td papurjq
J& SOUISIYAP :($10959p [eIIR]) I +deD orseydig -9[3urs (1102)
€G [UBIA anss1 1Jos JOAQ] [)S2I0 I8 Js04uy AgO ¥ ‘pajonuod S LEE}
ow 9 L€ ommpwoydion %001 “dAS LIA prey A[[edrur[d ur uren UBJA/XRJA  UOT)BIUQWITNE [RIOJR] €L pastwopuey UUBWPILL]
ST (1K) QO1AQD g T S eaTe Juowaoed u3isap syuedur adKy e
a3k 29 X3S JUSUWIAINSBIJA! jueduwy Apms Jo "ON Apms

panupuoD °g alqeL

162



Bone loss in tissue and bone level implants

'SBaIR JO sso[pae3al smel
(JOq Ul SSO[ dU0q dWeS 1y
ww 1670 -d
ww 9¢°0 vV
(Teruuts) Xej
wwgLo:d
w610 vV
:(90UQIQIJIP JUBDOHIUTIS) URIA
:SSO[ QUOQ UBIA
(ww 8£°0) %L'99 :d
(ww 9z°0) %1°'8€ °V
:(Qouaragyip
JuedJIUSIS) SBAIR [RISI(]
(ww z4°0) %9°Ly :d
(ww z¢'0) %E€E 'V

:(Qouaragyip
JuBOIJIUSIS ON) SBAIR [BISAIA[
ww 9 g IB[[0D JUITIQAIP : (6102)
wul 670 1V (rejowraxd Ie[jod PR
Suipeopsod :(90URIRJJIP JUBIIJIUSIS) 29 Iejow) 1s0d [esoonwisuer) [BUONIBAIISQO olopeued
K¢ 12 vd - (18303) SSO[ QUOQ UBIA UBJA/XBIA JUAZIAUOD : w aanoadsold -unsndy
(ww g-G'( ‘@3uer) ww | N
(wur $-G°() ‘o3uel) W 7 &\ Yoy
:o8ueyd T UBOW IA (O] Ul WW G> JO
‘o3ejuoned 29 A g Sururewax
‘191oweIp ‘waIsKs juerdur 2» uondiosar
JO Qouanfjur ou Jng ‘SSO]  A3PLI JR[OAA[R
(I£01 ‘S ‘¢ QUOQ [BISAID 29 XIS UM QIOAQS )M
‘1 18 Aydein) %66 :[eI0L, QOUQIJJIP JULOJIUTIS SNO[NUAP
(owr %T6 URN *(asearour /SNO[MUAP (38910 oeIYI (S102)
G9T-71 ‘o3uer) 76 :93e uBoN %96 XBIN wuw ¢<) wut §°7 K O] Arenreq  Jouadns JoLidjue) 481
oW (9 ‘BN (N 01/4 T2) T€ JreIouR MAS :SSO[ QUOQ [BISAID UBIIA! UBIA/XBIAL 1eIs KequQ 0S1 aandadsonoy JsInmiaIg
dnesmopo (1K) Q01AJP TG T eaIe Juwoed ugisop sjueduwr adKy bme
a3e 29 xo§ JUSUWIAINSBIJA! juerdwy Apms JO "ON Apms

panunuoD *g a|qeL

163



J Korean Assoc Oral Maxillofac Surg 2021;47:153-174

120 841 dDJOIIIXDJ] [24() 20SSY UD2AOY] [ *SJLI] DI JO MI1N2A JUDUIDISAS D Spupjdudl DIUAP [242] UG PUD NSSY UL SA0IID PaID|aL-SSO] JUOG D 12 INDZDLOJ] PAUIDE]

(21005 o12YIS Nuid :SHJ ‘Q109S ONAYISS AIYM

'SAM ‘TeA9] auoq g ‘AydeiSowo) paindwiod weaq duod ;[ )G ‘LSOONW PIZIUNBIONUOU (AN ONSST) PIZI[BIQUIW : A ‘[0NU09 1) 159} -], ‘deydsoyd-wniofes :qe) ‘1opnoys jueduwr ay) 03 uiSrew
[esoonw Y} WOl JUBISIP (NI Xopul Surpadiq snopns :1gs ‘ydep Surqoid :(qq “xepur anbeyd :1q ‘981 $5900nSs 1YDHS 10LIU0d Jue[duwiI-auoq ISty 3Y) 01 JOP[NOYS WO} OULISIP (] ‘QUIN[OA JUO0q ‘A g
‘Qrewoy o ‘opew A ‘[eordentad 1y g ‘9Bl [BAIAINS YAS ‘SSO[ Quoq [eurSrew TN ‘I011d1sod 13S0 “IOLIdJUE JUY Q[IPUBW IUBJA ‘B[[IXBW :XBJA ‘UONEIOUASAI ou0q papIng gD ‘[OAd[-onssn L)

‘ol 9 29 ¢ U9IMIOq
TN UI S90URIHIp ON D
wur 160 -L
wur £6°0 D
“Kypiqels A1epuodos
UT QOURIJJIP JUBITUSIS ON

:ow 9
wur €0 -L (Burpeor
wuw ¢6°0 pakelop 2 A1ed)
(TN 10Y31Y) O SARYTIS D
(S 0] TN % Anpiqess Arewid EERL U (L100)
9¢ 'L UT QOUQIRJJIP JUBIIFTUSIS 1504 orydoapAy Kreururpard P (5
M $T 2 TT :o8e ueo 109D - ow ¢ uej M JIoyS T, o€ aaneredwo) D[O2IMONBIA
G'8 [e10L
181
reqded e1siq
691
weqided [eIsspN (0z02)
0’16 :93e UBS :(ueowr) SAJ uy R
K¢ AP/ TT) ST vd %00T MAS W [£(°0 :o3ueyd Tg UBA XeJN  IB[[0D JUQTIQAUOD) 91 aanoadsoig ofnue)
(uoneuTwIEXd ‘[Tem Kuoq [eroey
pug) W [g°g- ou pey syuejdw Jo %6
29 (UOTJBUTIIEXD wur §°() 2
IST) WW 7' ¢— 8°0— unyIm ures auoq o
INIA $so[ uoq :syue[dur Jo 9,68
w9z W gete 01 8671
:dd UesN WOIJ SSOUNOIY) Ueawl 29 (Y300) 9[3uIs)
889 :(SHJ uey wuw 7'z ;[[em Auoq [e1oej (rejowraxd
9qe1s aI0uUr) JO SSoUYOIY) UeaW 1D 01 [B1UID) [euonoas
(1K £ :ueowr) {°]¢ 93k uroIN vd SHM UBIA ww 817 sqI( ueaw 29 uy -SSOID (€102)
K601G (d91/IN SO ¥ 104D 6L -SHd U\ 16 wuefduwr-ued o[qug 1vd Xe]N dgdD 114 ‘oanoedsord '[ee 1esng
T (1K) Q01AP ST S ST e eare Juswaoed ugisop syueduur adKy s
a3e 29 Xo§ JUSUWIAINSBIJA! juedwy Apms Jo "'ON Apms

psnuluoy *g alqel

164



Bone loss in tissue and bone level implants

BY'S 14
%0 1L
:suonedrdwod
[re1oAQ
(syyead
SRI[I UL %y'9L
S1jeIS [BLIBA[RD

S)yeIS [RLIBA[ED UT WW G¢'()

ur 94,¢°06 ‘SyeId ‘$)JeI3 ORIT UT WW ¢ T sagpux (erIeATRD
snwel ul 9,6°¢6) ‘S)JeI3 snuwel ur ww g4°() g SNO[MUAP “OBI[I ‘snuuer)
(ow ¢¢ %898 T "SJRIS [RLIBATRD UI WW G¢'() JO $19979p (€ s)jeId Aefuo
‘ueowr) %007 1L ‘S)JeI3 JRI[I UT WW 9¢°() 1O [BOTIOA snoud3ony #102)
Surpeopsod G 6F :98e uvoy vd DS ‘syyeId snurer ur ww ¢7°0 1L 1s04uy S6:1d W e
ow 89-¢1 (4 +E/IN 91) 0S orweloued %001 “4AS :uondI1osar auoq ueayn UBIA/XRIA 16 1L 761 aAndadsonay oosedery)
s)jeId snwel
10J WW Zf7°() 29 [BLIBA[RD IO snurel
%001 “dAS ww §1°( uawaoe[d juedur (eSpux 10 WINLIBA[ED
(syyead 0) Jorid uondiosar auoq ueaN SNO[MUAP woly siyeId
snwel) 9,1°¢6 S)JeI3 [BLIBA[ED UI WW [4°() JURIDIJOP Ke[UO [BOTIOA
(ow g1 (syyead SBAIR PAJONIISUOD A[reruozioy) snoua3ony (2102)
‘ueow) 16 -uesN Vd  [BHBARD) %€°06 ur (ww [-0) W gg'Q 1s0d//uy 8¢ 14 B3
owr 9¢-7 A ZI/IN9) 8T orweIoued MOS :uondIosar auoq uean UBIA/XBIN €1 1L 1S aandadsoig oosedery)
(ww o' ‘ueow)
UISIeur Quoq [BISaId
QAOQR WW ¢/ 7 01 €470
JIop[noys T, (W £00 0+
‘Ueow ‘ww §/ "0+
0} TL°0— ‘93ueI) Quoq [€ISAID
Ieou K194 19pInoys juedwr :1g
-d1dI
*SSO[ QuOoq
arowr pamoys syuepdwr redea(g
"L ur 19yea13 ApysIys 29 ow
Z1-9 18 OUQIJJIP JUBDJIUSIS ON
wuw 60 ‘S0 ‘9°0 1L
wuw () ‘8¢°0 ‘€0 119 (¥100)
owr 9¢ TN UBSA 1s0d//uy 861 1L [eowur[o o 1812
2 vT Tl 6C1 Jlueloued - 0w 9¢ ‘pT ‘Tl UBJA/XBIN 6L1 19 LEE aandadsonay Tewnsyy
dn-morjoq owmAWOxom EQMMWMM@E S)NSAI YO s)[nsal auog «oﬁmﬂwﬁwﬁwﬁm uSisop Apms mH_Ma.ﬁMMM adKy Apmg Apmg

spueidwl 1L g U10g peLiesul 1By} SAIPNIS *g dlqeL

165



J Korean Assoc Oral Maxillofac Surg 2021;47:153-174

1°€G :93e ueo

wuw ¢8°() A G 0} dureseq
ww €670 KL G 0) |
wuw ¢ A | 0} dureseq
:sdnoi3
U99M9q QOURIJJIP JuLdJIUSIS
wu ()z'0— 1A G 0) aureseg
wuw /10— K601 |

(I LT/ BI'96 1L G wur ¢(°0— 1A T 0) oureseq
€0) 0S 19 %66 1K T 1d
6’ Ly 1938 UB]A 19 wuw [9°( A G 0} duleseq
A 61/ %86 A G wu ¢ A G 0) | PoyNIMs
uoneIo)sal 1€) 0S 1L %001 A | ww 9z°() 1A | 0} duljeseq uopeld 19
SADIULISP G0 :93e uealy vd TIL 1L 1s0d payorewt (8102
ToyeILGp | 4 9%/IN ¥§ 109D UAS TN UBSIN UBJA/XBIN utopeld 1L L61 Rre). | o TE 10 05T
(90UdIJIP
JuedJIUSIS ou) W [()'0— Ig
(90UdIYJIP
6t :93e ueoN JuedIUSIS) W () “TL
(N 6/ LT) :(sdnoi3 uoomiaq oUIYIP
9z 14 JueoyIusIs) (T JO UL
L€t o8 ueo wur 740 1L payoIIms
(N 6/ 91) ww 100 19 wiopeld 19 (T100) T8
ST 1L :(0UQIRYJIp 1504 payorewr 19 0SOULIO
1K $S vd - JuBdIJIUSIS) SSO[ AUOQ UBIA UBJA[/XRIA prepuel§ 1L 11 10¥ -ZIpURUIdg
w20 19
W $1°¢ IL
0w ¢
w90 1d
wa e 1L
dd Tefruurs o g
‘o ¢ w2970 194
e %06 ® oW [ wwgee 1L
Je 9IS SUuIpa”Iq :uone[[eIsuy sIsayIsoid
Surpeopsod c16v QUO JsBI[ JB ww 800 19
w77 % 9 :08e uea aa poq ut war 84" 1L
‘uone[eISul A ¥1/N9) SAS JO %08 ‘uonosur juefduy
sIsayIsold (snnmuoporrad dod ® Id wuw 0L 0 1d LOY
‘uonasur ooy jo vd 10J 9OUSIITP w6/ 0 IL 504Uy 0c 14 ymouw-1rds (8100
jueidwy  K103S1Y PIM) O 109D JuedIjIusIs ON :owr g 03 dn TGN UeQN UBJA[/XBIA 0z 1L ov ‘aAnoadsold |, '[e 39 BUUBIA
wur $0°0 IL
wwero-1d 490
:$SO[ QUOQ UBIA| W UL {7/
vd %T6 ~dOS WIW () -SSO[ auoq ueaj 1s0dAuy A Ur9L 10Y4od (9100)
ouw 8 {UBIN 09 :98® uBaA drweIouRg %L86 “dAS ‘%76 TN UBIIN UBRIA/XBIA [eoupur£) 0S1 aandadsonoy o T8 30 23do]
dn-mojjoq owmmwvxom Eoﬂoomﬁﬂoz S)[NsaI YO sj[nsar auog aoammww%“wwﬁa usisop Apms wﬂw«.ﬂﬂmw adKy Apmg Apmgs

psnujuog "¢ ajqel

166



Bone loss in tissue and bone level implants

1202 3418 ID[OIIIXDIA] [DA() DOSSY UDIOY [ “SIDLU DIIUND JO MIIA2L JUDUWIISKS D :Spupjdiutl [DIUP 1242] 2UOQ PUD INSS1 UL SI0IIN PAID]24-SSO] JUOY [V 12 IADZDLO PAUIDE]
(3or3u09 Juerdwir-auoq IsI1y Y} 03 JOP[NOYS wolf duelsip :g[J ‘Aydeiowo) paindwod
weaq-auod :1DgD ‘pdop Suiqoid :qq ‘Surqoid wo Surpas[q :gJOg xopur anbed :[q ‘[e1n [eorurd pazrwopuel ;DY ‘UOHBIUATAI ou0q papmg Ygo ‘oreway i ‘orew A ‘Teordenrad 1yq ‘orex
[BATAINS Y AS @IBI $5000ns DS “yuowade[d jueidwr jo ypdop [enmur : iy ‘ssof auoq [eurdrew A I0119)sod :3s0q ‘IOLIIUE JUY ‘QQIPUBW [UBJA ‘B[[IXBW XBA ‘[9AJ] 9Nnss1) i, ‘[9A] uoq 1g)

(W £6°0 % €5°0)
sa3ueyd JUBOIJIUSIS ON TL

(%08

6'€L 1L moqe 1o wuwr 670 % 61°0)
(€9v 6'8L 14 osLAIOUT JURIYIUSIS T
‘o%e ueaw) 9 :g :Kpqe)s ATepuoods :("TEIN UuT 20UIJJIp
(6°sv $99 1L JeOIuSIS) M 9¢ % TT 91 “1L (L10D)
‘oSe ueow) £ 1y 104D 8'LLT1d 1L>14 (10adse [e1orey) 91 “1d LRt
M 9¢ %9 TT €1 vd :Aiquas Arewriig TTAN uey  syuepdwr 1oyg 43 aaneredwo) N1zpeH
W GJ()°() :SSO[ QUOQ UBIW [BI0],
wurcoo
JO sso[ auoq ueaw 29 2d£j01q
ury) ym g 2p wut 1¢°0 Jo
sso[ auoq ueow 29 ad£joiq
Yoy ya syuerduwt g L
K 6
W g0+ :93UuBYd 9UOQ UBW [E10],
Sy wur 60°0 o
‘o3e ueow g a3ueyd 2» adKjo1q ury) YPIm
6¢ 8 % Wi ¢((— Jo a3ueyo
1k ‘o3e ueow ], quoq ueaw 29 adKjoiq (8102)
gLorow 1) (AN €1/d 80 T Yory Y syuerduw 41 g uy cc1d LR
1L 6 p1ueay uewiny vd - K61 XeN 0T 1L [4% [ELI) [eotulDy 1aufem
“JA ¢ 0] QuI[eseq WoIJ
1L Ul 90UIJJIp JuedljIusis A[uQ
W 4()°() A ¢ 0} ouIeseqg
ww 100 K € 03 |
wu /()0 JA ] 0} ourjeseqg
UBIIA
wuw 6170 1L paydims
UONBI0)SAI wur 81°0 19 uuopield 19
QATIIUTJOP S'6F [UBIN 11K ¢ 03 ourpeseg 1504 payoewr (6102)
Toye k¢ 1 (d0T/N ST SE Vvd - :S95UBYD 9UOQ [BISAI) UBJA/XBIN wopeld 1L 001 L0 ymowr-iidg ¢ T8 19 058
) (1K) 901AP BaIe Juwoed syuedur
dn-mojjoq St o ST S)[Nsal YO sj[nsa1 auog e ugisop Apms . adKy Apms Apms

panuuoD *¢ a|qeL

167



J Korean Assoc Oral Maxillofac Surg 2021;47:153-174

NCBI PMC and PubMed database advanced search

Search terms: “bone level implant”, “tissue level implant”, “bone level implant” AND
“tissue level implant”, “bone/tissue level implant” AND “marginal bone loss”,

Additional papers obtained from
other sources
(n=25)

Excluding irrelevant studies
by evaluating titles and abstracts
(n=38)

Excluding in vivo studies and those which
focused on soft tissue results, biomechanical

1 I
1 I
1 I
i features of implant, implant stability and i
| survival rate or did not report bone results |
1 I
1 I

(n=59)

= “bone/tissue level implant” AND “bone resorption”,
S “bone/tissue level implant” AND “marginal bone level change”
© Publication dates: until September 2020
o . . .
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%

to the first BIC (DIB)*****. Two studies reported both MBL

25.30 . . . .
. In one article, hard mineralized tissue

and mean bone loss
at the crestal level was evaluated™, while another study re-
ported the correction percentage of vertical defects after GBR
and TL implant insertion*’,

Non-related bone results: Ten studies reported
SVR»%H19:2426:364244 " while one article mentioned only
SCR'". Both SVR and SCR were reported in 10 stud-
ies! 11004 Other outcomes included reports of prob-
ing depths (PD) in 10 studies™'**********%47 plaque index

(PI) in 4 studies"***>*, bleeding on probing (BOP) in 2 stud-
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60 80

ies”"’, and pink esthetic scores (PES) in 5 studies

9,20,23,34,45.
Risk of bias assessment: The evaluation of risk of bias is
presented in Fig. 2 and 3. For 23 studies, randomization and
blinding of participants, personnel, and outcome assessments
were not applicable. Therefore, among 15 articles, 60%, 47%,
and 30% of studies exhibited low risk in selection bias, perfor-
mance bias, and detection bias, respectively. In relation to attri-
tion bias and reporting bias, the majority of the studies showed

no incomplete data or selective data reporting.(Fig. 2, 3)
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IV. Discussion

Although implant placement is the preferred treatment
method for tooth loss, the reason for MBL remains contro-
versial. MBL induces pocket formation and affects peri-im-
plant tissue health™. In this review, parameters related to BL
change after implant insertion are discussed in detail based
on comparison of the included studies.

1. Patient-related factors

Individual differences: Significantly more MBL has been
reported in females after 10 years, which may depend on
differences such as factors influencing bone physiology and
sex steroid hormones that provide harmony between bone
formation and resorption with alterations in osteoclastogen-
esis and osteoblastogenesis™. Age and sex varieties may have
an impact on autologous bone grafts”. Other factors such as
smoking, periodontitis, and infection in sockets should be ex-
cluded in order to increase the homogeneity and reliability of
the results of the clinical trials®.

Bone quality and quantity: Implant insertion in severely
resorbed ridges may lead to more failures’. BL implants were
successful in low-density bone after early loading protocols'’.
Interestingly, Markovié¢ et al."’ suggested that bone quality
had no significant effect on the SVR of nonstructured and
hydrophilic implants*. Lower primary stability and higher
secondary stability have been evidenced in bone with lower
density. However, no significant difference in secondary sta-
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bility was reported by Makowiecki et al.”, which may be due
to the differences in implant type and bone density. In their
study, implants with more aggressive threads were inserted in
bone type D1 as a study group and in bone type D2 as a con-
trol group. Maintaining a definite conclusion about the effect
of bone density on implant stability remains difficult™.

Soft tissue type and thickness: When the preoperative situ-
ation is compromised and the patient is realistic, the patient
may be satisfied with the final result even when the outcome
of an objective aesthetic index is poor™.

Preoperative mucosal tissue thickness may be a major eti-
ology in crestal bone loss’. According to Puisys and Linkevi-
cius’, implant design and surface treatment does not have a
significant impact on crestal bone levels if mucosal tissue is
thin during implant insertion. Therefore, it can be hypoth-
esized that when initial mucosal thickness is insufficient, BW
with bone loss forms before loading. Therefore, a certain

minimum width of peri-implant mucosa may be required*”.
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Although a high degree of satisfaction was observed in all
subjects in whom allogenic membranes were used for verti-
cal thickening of the soft tissues, thickened soft tissue may
become thinner with time®. If mucosal tissue is <2 mm, sig-
nificant bone loss may occur’. Soft tissues with thin biotypes
exhibited more desirable outcomes even though thick, soft
tissues have been more resistant to inflammation and trauma
due to the different blood supply to the bone™. It has been
suggested that BL implants be used in areas with transparent
soft tissue to obtain better esthetic results”. Wallner et al.”
reported negligible bone loss when a steady state has been
achieved after the first phase of remodeling. They proposed
that neither soft tissue type nor implant design affects peri-
implant bone levels™.

2. Implant-related factors

Implant type: BL implants provide more varieties of gingi-
val formers during surgery with the margin of the abutment
being adjusted at the time of prosthetic treatment®. In the
study by Gao et al."”, after 6 weeks, surrounding bone loss
was observed in all implants except for one that was placed
above the alveolar crest shoulder. Interestingly, Gao et al."
noticed not only <0.5 mm bone resorption at the crestal level
of BL implants which was less than other reports, but also
3 cases with bone gain. Despite BL types which are placed
at the crestal level with BW being set in a more apical posi-
tion, TL implants reduce the recession of barrier epithelium
and connective tissue depending on its position to the bone
crest™. In addition, TL implants locate the AFC transmuco-
sally, which demonstrates minimal bone alteration, but with
compromising soft tissue esthetics because of the possibil-
ity of becoming visible. Therefore, BL implants are used
more frequently in esthetic areas'*”’. On the other hand, TL
implants with a convergent collar exhibited proper esthetic
outcomes and stable hard and soft tissues during follow-ups
in the anterior maxilla which can increase tissue thickness
with being directly cemented on the implant neck and provid-
ing space for the connective tissue section of the supracrestal
tissue attachment’”**. Another advantage of the TL type is
the ability to be detected easier during osseointegration with
more favorable handling®.

Implant platform design: Crestal bone loss might be due
to microgaps at the AFC for bacterial colonization of the
implant sulcus or establishment of an adequate dimensioned
BW to be associated with MBL at regions with a thin mu-

cosa™’. This biological process is altered by repositioning
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the outer edge of the AFC horizontally more inwardly and
away from the outer edge of the implant platform leading to
the introduction of the platform-switching design, in which
a smaller-diameter prosthetic component is connected to a
larger-diameter implant platform®. The impact of platform
switching on long-term crestal bone preservation remains
controversial”’. Canullo et al.'® introduced the relationship
between platform switching design and the amount of MBL
that could be attributed to a wider space for the horizontal
repositioning of BW and/or a better distribution of load-
ing stress at the BIC™'*'**". The limitation of the study was
that it only involved information on altering crestal mesial
and distal bone loss especially vertically, not buccally and
palatally'®. Vanlioglu et al.** demonstrated that BL implants
with platform switching resulted in minimal bone resorp-
tion at the crestal level during functional loading. However,
some implants exhibited an increase in bone height. On the
other hand, BL implants with the platform switched design
demonstrated a negative influence on crestal bone levels in
comparison to TL implants*'. Despite the evidence of higher
crestal bone stability in platform switched BL implants by
Fernandez-Formoso et al.”’, higher SVR in TL implants with
the platform matched design compared to platform switched
BL implants was shown in another study (98% vs 96.1%
after 5 years)”*’. Comparing BL and TL implants with non-
platform switched designs placed in the same graft type, sim-
ilar SVR and peri-implant bone resorption were observed™'.
Less MBL has been demonstrated in Astratech implants with
platform switched designs compared to Straumann TL im-
plants after 12 and 36 weeks’'. Therefore, long-term studies
evaluating the clinical efficacy of platform switched designs

. 23,3336
are still necessary™"".

3. Treatment procedure and follow-up related factors

Bone augmentation: The graft type seems to be the most

541

important factor influencing graft resorption™ . More bone

resorption has been shown in cancellous bone which could

541 . . .
. Demineralized bovine bone

be harvested from the iliac
mineral (DBBM) granules will not be resorbed during the
natural bone remodeling process and thus will help maintain
the dimensions of the facial bone wall over time". Synthetic
bone substitute material induced significantly higher vascu-
larization than xenogenic bone, but after 6 months, new bone
formation was not different™. In the study performed by Le
and Borzabadi-Farahani*, mineralized allograft provided suf-

ficient strength and shape in 61% of cases.



Similar implant stability and peri-implant bone changes
were evidenced using the same BL implants (Astratech) with
one study in fresh sockets and the other with GBR™. Like-
wise, Fretwurst et al.” found similar BL changes in implants
placed in both augmented and non-augmented areas. Buser et
al.* did not demonstrate change in DIB overtime and showed
that GBR successfully established a facial bony wall in 95%
of patients that was maintained for a mean of 7 years.

Less favorable esthetic outcomes were demonstrated in
augmentation areas, which may be due to imperfect preop-
erative situations or the formation of scar tissue. However,
no significant differences were reported in marginal BL
change™. Submerge techniques plus bone augmentation pre-
vent overloading and bacterial contamination”®.

Choosing the best alveolar bone grafting technique remains
a challenge. Bone graft shrinkage may occur following re-
modeling. Therefore, it is advised to overcorrect the augmen-
tation site and use a vertical incision in the flap to advance
the flap coronally and support the graft*. Grafting at the time
of implant insertion reduces the number of invasive proce-
dures and treatment time*',

Location of the crestal portion of the implant: The crestal
positioning of the implant’s rough surface has been correlated
with a greater maintenance of peri-implant bone compared
to subcrestal positioning™. The supracrestal location of AFC
limits bacterial access to the attachment and reduces the
inflammatory response from bacterial contamination. There-
fore, less MBL occurs during early phases'®”’. Kumar et al.”’
demonstrated more MBL in deeper implants, which may
depend on more stress distribution on the crestal bone and
greater distance of the inflammatory infiltrate to the crestal
bone. It is possible to place TL implants at greater depth™. On
the other hand, less bone loss was reported in BL implants
compared TL implants, but this was not significant, while in
another study, significant lower MBL was observed in TL
implants, which may be due to longer follow-up periods™*’.

Implant placement protocol: MBL after surgical trauma is
accepted particularly in the submerging protocol of BL im-
plants”. Implants can be inserted in 3 ways: immediate, early,
and late”. Controversies exist in the hard and soft tissue
results of immediate implant placement®”. Many immediate
implants with recession have no facial bony wall in the long
term, even though immediate placement is only recommend-
ed in patients with low risk factors in the placement area®™*.
Due to the lack of a facial bony wall around two implants,
these two have no osseointegration in the facial aspect™.

Loading protocol: Immediate placement containing func-

Bone loss in tissue and bone level implants

tional and non-functional (1 week), early (1-2 weeks), and
conventional (more than 2 months) loading are known as the

loading protocols™**

. In contrast to previous studies, im-
mediate loading exhibited a tendency for better long-term
implant SCR>'. Even though nonfunctional loading helps
diminish early overload, similar MBL and implant failure
were reported between these two types of immediate load-
ing”**. Successful functional early loading was reported with-
out an increased risk of failure despite low bone density'.
Early loading of platform switched BL implants is associated
with minimal MBL and successful peri-implant mucosal ar-
chitecture™. It has been demonstrated that modified surface
topography makes immediate or early loading possible even
in areas of lower bone quality”".

Radiography: Although radiography is the most widely
used method to measure remaining bone height, distortion,
superimposition, artefacts, and magnification are several

. 27,52
known shortcomings

. CBCTs offer excellent image qual-
ity with diminished radiation exposure compared to CT
scans”. Despite the proper accuracy of CBCTs in the pres-
ence of sufficient bone thickness, further studies are required
to evaluate the accuracy in areas of insufficient bone™. Like-
wise, it has been demonstrated that CBCTs have low accu-
racy in assessing buccal bone width when the bone thickness
is <0.5 mm*. Although Lago et al.* reported that platform
switching may preserve crestal bone levels and maintain soft
tissue in esthetic zones, radiographic crestal bone levels are
only an indirect measurement of esthetics outcome and thus
platform switching does not necessarily directly improve es-
thetics.

Follow-up periods: Maintenance through follow-up visits
is essential. However, a wide range of follow-up visits are re-
ported. Straumann TL implants exhibited minimal changes in
MBL during the follow-up periods, among which the maxi-

mum follow-up duration was 10 years™.

V. Conclusion

There are several inconsistencies among studies and meth-
odologies that limit precise comparisons. Bone alterations
have been reported in different ways involving mean bone
resorption, MBL, percentage of BL change, and the amount
of BL change. Therefore, it makes exact comparisons im-
possible. Multifactorial characteristics of peri-implant bone
resorption and diversity among implants and patients leads
to a heterogeneity of results and cannot be applied to clini-

cal indications. Clinicians must notice patient demands and
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attempt to choose the most proper implant design based on
clinical demands. Researchers should use patients who share
common situations such as receiving similar prostheses, re-
quiring augmentation, receiving same implant types, and the
rehabilitation of similar edentulous areas to reduce systematic
errors and potential bias. Biomaterial-related tissue reactions
remain unclarified. The short-term nature of the results, limit-
ed sample size, and radiographic measurements of mesial and
distal crestal BL changes are several limitations. Therefore,
comparative long-term randomized clinical trials and a large

number of patients are required.
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