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Abstract: Purpose: To conduct a comprehensive systematic review and meta-analysis on
marginal bone loss (MBL) in dental implants, enhancing the understanding and manage-
ment of both bone-level and tissue-level implants. Methods: MEDLINE-PubMed and
Scopus databases were searched for relevant English articles (up to April 2024), assessing
the MBL as the primary outcome. The relevant data were extracted, and a meta-analysis
was performed to evaluate the effect of implant neck design. Results: A total of 17 studies
were included for qualitative analysis. Out of the 21 articles included, 15 studies established
a statistically significant difference in MBL between the study groups; however, the differ-
ences were not found to be clinically relevant. Bone-level implants with platform-switched
abutments in most of the cases showed better marginal bone stability compared to tissue-
level implants or bone-level implants with matching abutments. Seven RCT studies were
evaluated for the MBL between bone-level and tissue-level implants. The difference in MBL
between bone-level implants and tissue-level implants was statistically significant, with
a greater loss of bone in bone-level implants (Mean Difference: 0.11, 95% CI:0.02 to 0.19,
p = 0.01 and 12 heterogeneity: 81%, p < 0.0001). Conclusions: This review underscores the
need for standardized measurement techniques, consideration of patient-specific factors in
clinical decision-making, and further long-term studies to optimize dental implant success
and patient outcomes.

Keywords: tissue level; supra-crestal; bone level; crestal; marginal bone loss; dental implant

1. Introduction

Dental implants have emerged as a premier solution in dentistry over the past few
decades, transforming clinical practice and significantly improving patients’ quality of
life [1]. Dental implants have several advantages over other therapies: a high success rate
and improvement in esthetics, chewing, eating, and speaking [2]. Dental-implant rehabilita-
tion of edentulous patients is very widespread. Osteointegrated dental implants are being
increasingly used to replace missing teeth in a variety of situations, ranging from a missing
single tooth to complete edentulism [3]. Osseointegration was first introduced by Bréne-
mark to describe the successful outcomes of dental implants after their placement in the jaw
bone [4]. With the correct patient selection, planning, and maintenance, success rates exceed
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90% over a ten-year period [5]. According to Albrektsson, the success criteria of dental
implants showed a survival rate of 93.0% [6]. A previous study from Pjetursson’s 2004 and
2012 reviews (which define the concept of survival as ‘implant remains in situ at follow-up
examination’) gave 10-year implant survival rates of 92.8% and 93.1%, respectively, from
six prospective studies with a median of 81.5 implants per study [7,8]. A more recent cohort
study by French et al. and a systematic review by Howe about the 10-year survival rate of
implants presented a similar result, survival rates of 96.8% and 96.4%, respectively [9,10].
One of the earliest and most widely recognized success criteria for osseointegrated dental
implants was the one proposed by Albrektsson et al. 1981 [4]. According to these criteria,
a successful dental implant should display immobility: a proficient implant is securely
affixed to the jawbone, demonstrating no signs of movement. Clinical mobility serves as an
indicator of potential issues or a failure in the osseointegration process [5].

There are many related factors affecting implant failure. First, a group of factors are
host-related; second, there are factors related to site-related implant placement; third, there
are surgery-related factors; fourth, there are implant fixture-related factors; and, fifth, there
are implant prosthesis-related factors. The age and gender of the patient, smoking habits,
systemic disease, and oral hygiene are host-related factors. The position within the dental
arch, quality, and quantity of bone are implant placement site-related factors. Initial stability,
angulations, direction of implant, and the skillfulness of the operator come under surgery-
related factors. Surface roughness, length, and diameter of the dental implant and the
macrostructure and microstructure of an implant fixture are implant fixture-related factors.
The type of prosthesis, retention method, and occlusal scheme are implant prosthesis-
related factors. Albrektsson et al. concluded that factors such as the design and surface
of implant, condition of implant placement site, surgery technique, and occlusal loading
affect osteointegration [11].

Exhibiting minimal bone loss: According to Albrektsson, marginal bone loss (MBL)
is defined as a loss in apical direction, of alveolar bone marginally adjacent to the dental
implant, in relation to the marginal bone level initially detected after the implant was
surgically placed, and it should be under 1.5 mm in the initial year post-loading and
should not exceed 0.2 mm annually in subsequent years [4]. A recent study by French
et al. 2024 evaluating marginal bone loss over 10 years reported losses of 2.0-2.5 mm [12].
One of the most debated topics within this realm pertains to the optimal placement of
the implant—specifically, whether it should be positioned at, above, or below the bone
crest. The controversy is driven by varying results in clinical outcomes, and the question
remains: Which positioning best supports long-term implant success and patient satis-
faction? [13]. Traditional crestal placement: Historically, implants were placed such that
the implant collar was flush with the alveolar bone crest [1]. This crestal placement was
thought to maximize the osseointegration surface and facilitate soft tissue management [14].
Sub-crestal placement: More recent advancements in implant design and understanding
of peri-implant tissues have led some clinicians to place implants in a sub-crestal posi-
tion. Here, the implant is positioned slightly below the crest of the bone [15]. Advocates
believe that this promotes better esthetic outcomes, especially in the anterior region, by
preserving the interdental papilla and soft tissue contour. Additionally, by positioning the
implant-abutment junction below the bone, there might be enhanced protection against
bacterial infiltration and peri-implantitis [16]. Supra-crestal placement: This less-common
method involves positioning the implant above the alveolar bone crest. Proponents argue
that this placement reduces crestal bone stress and allows better distribution of occlusal
loads, potentially minimizing bone resorption [17]. Several factors can influence bone
behavior, whether it pertains to growth or loss, during dental implant placement. These
include the implant’s macro- and micro-design [18-21], the spacing between implants [22],
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the quality of the surrounding periodental tissue and bone [23], occlusal forces [24], the
presence of microgaps that allow bacterial colonization between implant and abutment,
and the position of the connection in relation to the bone crest [25-29]. Bone-level dental
implants after 10-year follow-up had success rates of 99.4% in healthy patients without sys-
temic disease and 95.9% with systemic disease [30]. Tissue-level dental implants in 4-year
follow-ups had a success rate of 100%, with a mean marginal bone loss of 0.99 mm [31].
According to a recent study by Chacun 2024 where 301 tissue-level dental implants were
placed, a follow-up of 4.5 years had a survival rate of 98.8% [32]. A study comparing bone
and tissue-level implants with a follow-up of 4 years had a success rate of 100% and a mean
marginal bone loss of 1.03 mm and 0.95 mm with non-significant difference [33].

For many clinicians, the placement of bone-level/tissue-level implants remains a
dilemma. The purpose of this systematic review is to bring some insight into this controver-
sial dichotomy; the next question is raised: Is there any significant difference in marginal
bone loss (MBL) around the neck of bone-level and tissue-level implants?

2. Materials and Methods

This systematic review aimed to answer the following question: Is there any differences
in the MBL between bone-level/tissue-level implants? This study follows the Preferred
Report Items for Systematic Reviews and Meta-analysis (PRISMA) check list [34].

2.1. PICO Question

Are there any differences in the marginal bone loss between bone-level/tissue-
level implants?

Population: patients who received dental implants.

Intervention: situation related to the bone level of implant placement

Comparison: bone-level implants vs. tissue-level implants.

Outcomes: MBL at the neck of the dental implant.

To develop the PICO question, we have followed the principles indicated in the
manual prepared by the “Ministerio de Sanidad, Servicios Sociales e Igualdad” (2016, Spain.
Accessible at https:/ /portal.guiasalud.es/wp-content/uploads/2019/01/manual_gpc_
completo.pdf, accessed on 30 December 2024).

2.2. Search Strategy

A search was performed to detect the difference between the effect of bone-level and
tissue-level implants on MBL; the search was conducted in PubMed and Scopus. The last
electronic search was performed from January 2014 to April 2024. In PubMed, the key
words were (((((tissue level) OR (supra crestal)) AND (bone level)) OR (crestal)) AND
(marginal bone loss)) AND (dental implant [MeSH Terms]). For Scopus, the key words
were TITLE-ABS-KEY (tissue AND level) OR TITLE-ABS-KEY (supra AND crestal) AND
TITLE-ABS-KEY (bone AND level) OR TITLE-ABS-KEY (crestal) AND TITLE-ABS-KEY
(marginal AND bone AND loss) AND TITLE-ABS-KEY (dental AND implant).

The results of the above searching processes were added together, and duplicates
were removed. Two independent reviewers (A.E. and N.T.-V.) then screened the articles
and removed those that were not related to the topic being reviewed by reading the title,
abstract, or full text. When necessary, the reviewers reached a consensus by discussion.
Review articles on the topic were searched as well.

2.3. Inclusion Criteria

The inclusion criteria were English studies that used radiographic methods to measure
MBL around the neck of both bone-level and tissue-level implants. The original studies in-
cluded those such as retrospective cohorts, prospective studies, and randomized controlled
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trials (RCTs), clinical studies that include more than 10 patients, and studies comparing
dental implants in the maxilla and mandible, with follow-up time periods of at least 1 year.

2.4. Exclusion Criteria

The exclusion criteria were in vivo or in vitro studies which did not mention the tool
used for bone loss measurement, case reports or case series with less than 10 patients,
articles published in languages other than English, a follow-up of less than 1 year, or
articles published before 2014.

2.5. Quality Assessment

The quality assessment was conducted independently by two reviewers (A.E. and
M.B.-H.). In case of discrepancies, these were resolved by S.E.-M. and ].L.-L. Each reviewer
evaluated the selected articles based on the criteria specified in the appropriate assessment
tool. They then conferred to resolve any discrepancies in their evaluations through dis-
cussion. This approach was not only systematic but also introduced a layer of checks and
balances, minimizing the potential for oversight or bias in the assessment process.

To assess any potential risk of bias, the authors critically appraised each study by the
Newcastle-Ottawa Scale for cohort and case-control studies [35]. A “star system” was
developed in which a study was judged in the following three domains: selection of case
and controls, comparability of cases and controls, and ascertainment of exposure. The
rating was as follows. Good quality: three or four stars in the selection domain, one or
two stars in the comparability domain, and two or three stars in the outcome/exposure
domain. Fair quality: two stars in the selection domain, and one or two stars in the
comparability domain, and two or three stars in the outcome/exposure domain. Poor
quality: no or one star in the selection domain, or no stars in the comparability domain,
or no or one star in the outcome/exposure domain [36]. For the RCT, the Jadad scale had
been used. This grades them from 0 (lowest quality) to 5 (highest). In this system, points
are awarded as follows: One point if the trial is randomized and another if a satisfactory
method of randomization is described in the paper. One point if the trial is double-blinded
and a second point if a satisfactory description of how double-blinding was achieved is
given. One point is given if the number of dropouts from the trial and their reason for
dropping out are recorded [37].

2.6. Data Extraction

Data extraction was performed by A.E., checked by J.L.-L. and S.E.-M. and recorded
in an Excel table. Each study provided the following information: first author’s name,
publication year, study design, method of bone loss measurements, follow-up duration,
implant brand, implant placement protocol (one-stage vs. two-stage), implant connection
type, presence of platform switching, and number of samples in each group (bone-level
and tissue-level implants), as well as the mean and standard deviation of MBL and survival
rate in each group.

2.7. Data Synthesis

For dichotomous outcomes, the summary measures considered were relative risks
(RRs). Absolute frequencies and percentages were registered when available.

Pooled analyses were performed using a fixed-effects model. The heterogeneity of
the studies was assessed by the I” statistics. Heterogeneity among studies was considered
statistically significant for a p-value < 0.05 and was interpreted as recommended by the
Cochrane Handbook: 0-40% was considered unimportant, 30-60% as moderate heterogene-
ity, 50-90% as substantial heterogeneity, and 75-100% as considerable heterogeneity. The
Review Manager 5.4 program was used as a tool to analyze the data, previously recorded in
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an Excel table. Forest plots were performed to graphically represent the difference between
bone-level and tissue-level implants, with a 95% confidence interval (CI).

3. Results

As shown in Figure 1, a total of 273 articles were found by electronic and hand search.
After eliminating the duplicated and the ineligible studies, 31 studies were elected by title
and abstract. Twenty-one articles were reviewed. This review investigated the studies
which were primarily concerned with comparing the effect of bone-level or tissue-level
design on MBL around implants. According to the inclusion/exclusion criteria, 17 articles
with a total of 1.895 implants were included [38-54]. Eight studies compared bone and
tissue level [35,39,45-50]; seven articles studied bone-level implants [38,40,41,44-47], while
two articles studied tissue-level implants [42,48]. It is noteworthy to mention that
five articles, when read in full text, did not strictly compare bone-level with tissue-level im-
plants, but we included them because they provided data of interest for this review [44—48]
(Figure 1, Table 1).

IDENTIFICATION

Identified studiesin:

Pubmed (n=183) Studies excluded by automation:
Scopus (n=90) * | Duplicate articles (n=50)

Total (n=273) Identified asineligible studies (n=192)

v

SCREENING

Selected studies by title/abstract (n=31)

— | Excluded by title and abstract (n=10)

l

Studies reviewed (n=21)

Excluded studies:
Not meeting established quality criteria (n=2)

v

\d

Not having the necessary level of support for
their conclusions(n=2)

INCLUDED

Included studies (n=17) 5 | Prospectivestudy (n=4)

v

Retrospectivestudy (n=6)
Retrospective case-control study (n=1)

Quantitative analysis (n=7)

Retrospective and multi-centerstudy (n=1)

Randomized, controlled, parallel-group clinical trial (n=1)

Split-mouth randomized controlled clinical trial (n=4)

Figure 1. Flow chart.
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Table 1. Most relevant data from the studies analyzed.

Implant System, Implant Length [Follow-Up] . Results (mean
Authors IS)t uc'ly Sample  Brand and and Diameter Surgery Methods of gurvwalRR:te & MBL, CBL, HBL Covariates
esighn Number (mm) Measurements uccess Rate OR PIL) in mm.
- Demographic (age and gender).
- Anatomic (tooth site, upper or
lower jaw).
-Cylindrical - Impl. i
! plant (length, diameter, and type).
pos BTSSR Lo e e
Lopezetal.,, A ' 10-14 & <14. . [5-year; 85 & 44 m] SVR =100% _ smoking, periodontal disease,
2016 [38]. Cohort F=35. -FM]? Falapp.a Diameter — Technique A. Int, Pan. SCR = 92.6% PIL=01 +1.3. edentulism).
M=30.  Medical Devices 3.4-48. - Surgical (surgeon, post-extraction,
S.p.A. Rome, Italy) bone grafting procedures performed
-BL =215. together with implant placement).
- Prosthetic (immediate loading, single
crowns, or bridges).
- Demographic (age and gender).
- Anatomic (tooth site, upper or
lower jaw).
- Implant (length, diameter, and e).
150 —Cylinjrlicall Lot = 814 giL :001§ j:41 . - Rell:;ted I(Jath%)logies (diabetes, vPe
= . tapered Implant. ength = 8-14. — 990, =u xL smoking, periodontal disease,
Lopezetal,  conort  F=76.  -FMD,Romeltaly. Diameter =3438, TechniqueA.  LoF = 47ml SCR =92% STL =0.04 + 1.3. ot p)
2016 [39]. Int, Pan. SVR =98.7% . edentulism).
M=74 -BL=49 & <4.2. Only two implants Surgical (surgeon, post-extraction,
-STL=99 were lost. bone grafting procedures performed
together with implant placement).
- Prosthetic (immediate loading, single
crowns or bridges).
- Demographic (age and gender).
-Cylindrical and - Anatomic (replaced tooth, upper or
Conical tapered lower jaw). )
Andreasi P=52 implants (52). Length = <10.5, - Implant (length, c.hameter, .and type).
B Cohort  Foa1  -ElisitEVO 115,13 & >13. Tochnique A, 1446 % 344 m] SCR = 77%. MBL=09 10y  Related pathologies (smoking,
ss1 et al., ono ~  Cylindrical & Diameter =34,38 o due A py SVR = 100%. U= periodontal disease, edentulism).
2016 [40]. M =31 conical, FMD, & >4.0. - Surgical (post-extraction, bone
Rome, Italy. grafting procedures performed
-BL =52. together with implant placement).

- Prosthetic (single crowns or bridges).
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Table 1. Cont.

Implant System, Implant Length [Follow-Up] . Results (mean
Authors ls)t:;ilyn Sample  Brand and and Diameter Surgery Methods of SEZ‘C’;‘;ZIRR;? & MBL, CBL, HBL Covariates
& Number (mm) Measurements OR PIL) in mm.
A Cox regression analysis between
peri-implant bone resorption and
several clinical variables (i.e., gender,
-Cylindrical and diabetes, smoking, periodontal
Conical tapered diseases, length, diameter, type of
implants. ) ) loading, type of prosthesis,
L P =38. —I—F};x implants Lengths = 8, 10, [(12 to 36 M), with a o M_BL cylindrical post-extractive, jaws, tooth-replaced,
Opez et al., Cohort F-18 by FMD Fala 11.5,13. Techni A o4 ths] SVR = 100% 1=0.52 £ 0.21. GBR).
2016 [41]. . Y PPa  Diameters = 3.5, echmique A. mean of 22 months SCR = 82%. MBL conical . - -
M =20. Medical Devices Px. Cox: regression analy51s
S.p.A. Rome, 40,45,5.0. [=048£0.19. demonstrated that diabetes
Italy. (p = 0.0074), GBR (p = 0.0115), maxilla
_BL= 66. (p = 0.0117), and smoking (p = 0.0194)
have a statistical significant impact
on the clinical outcome of the worst
success rate.
Mean CBL:
TL =1.18 & 0.89.
BL =0.97 + 0.64.
Mesial bone loss
(MBL):
3i BL = 0.68 + 0.74.
Branemark BL
=0.61 + 0.83.
Straumann TL The study recorded other factors that
-Straumann, Length =8, 8.5, 10, = 9-85 +1.25. could influence the CBL, such as
. Branemark & 31 11.5, 12,13, 15. Distal bone loss patient age, systemic health status,
Nicolas et al., Cohort P =44. Biomet. Diameter = 3.25, N.m [10-year] N.m (DBL)1 loading protocol, implant location
2020 [43]. N.m BL=97. 3.30,3.75, 4.0, 4.10, Px. 3i BL =1.45 + 0.74. and angulation, implant-abutment
-TL = 43. 4.80. 5.0. Branemark BL connection type, and prosthetic
! =1.10 + 0.84. material
Straumann TL
=1.50 + 0.80.

Average bone loss
(ABL):

3i BL =1.07 £ 0.61.

Branemark BL
=0.856 + 0.67.
Straumann TL
=1.18 + 0.89.




Appl. Sci. 2025, 15, 2286

80of18

Table 1. Cont.

Implant System, Implant Length [Follow-Up] . Results (mean
Authors IS)t uc'ly Sample  Brand and and Diameter Surgery Methods of gurvwalRR:te & MBL, CBL, HBL Covariates
esign Number (mm) Measurements uccess Rate OR PIL) in mm.
- Gender, smoking habits, history of
-Conical internal periodontitis, bone substance,
Galindo- P=176. connection. Length =6,9,11, implant, and prosthetic rates.
Moreno etal,  Cohort M=89. -Astra Tech TX 13 & 15. 3 Technique A. [(6 & 18 m] N.m MBI: - All surviving implants with more
2022 [45]. F=87. implants. Diameter = 3.5, Pan. BL = 0.64. than 3 mm of MBL that suffer
-BL = 590. 40,45 &5. mucositis (a transitory entity) would
be classified as peri-implantitis.
MBL = 0.04 + 0.14.
-Cylindrical 41in 4 P were lost
P45 dental implants before loading.
Sui et al,, o -Osseo Speed TX, Length: 6. . [5-year] B o 1Iin1P was lost
2022 [46]. Cohort %/[__2137 Dentsply Sirona, Diameter: 4. Technique A. p - SCR = 88.4% at the 5-year N-m
e York, PA, USA). follow-up.
-BL = 68. 2 P were lost to
follow-up.
-Cylindrical - Location (maxillary /mandibular).
Hexagonal - Position (anterior /posterior), sex
internal Leneth = 10 (male/female).
_ . ength =10 or _ - Smoke (yes/no).
Prati et al., P=76. connection 115. ‘ (48 M] SVR = 98.4% MBL =0.99 £ 0.68. = o< v ¢ timi
Cohort M=34 implant. . Technique A. o 2 implants were mplant placement timing
2020 [48]. Fed2 “Premium SP, Diameter = 3.8, Px. SCR =98.4% failed. (immediate, early, delayed).
Sweden & 4.25, or 5.0. - Gingival thickness (thin/thick).
Martina. - Endodontically treated and adjacent
-TL = 128. teeth (yes/no).
-Ticare® Inhex®
implants. .
-Group A = EABL' A
High-speed length =10, 11.5 083 + 073
Pellicer- Case. D=2 drilling with g‘gt T (12 m] SCR: Crow g
Chover et al,, M=09. irrigation. N Technique C. Group A =93.3%. P N.m
control Diameter = 3.75, Px. o =0.70 + 0.62.
2017 [47]. F=16. -Group B = Group B = 100%. . :
4.2,5.0. 11 failed during
Low-speed . .
o . osseointegration
drilling with :
M in Group A.
irrigation

-BL = 30.
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Table 1. Cont.

Implant System, Implant Length [Follow-Up] . Results (mean
Authors IS)t uc'ly Sample  Brand and and Diameter Surgery Methods of gurvwalRR:te & MBL, CBL, HBL Covariates
esign Number (mm) Measurements uccess Rate OR PIL) in mm.
-Cylindrical & i
tapered. - rfl"he stucﬁl did nl(()it evﬂaluate arﬁy other
. Sweden & L th = 8.5, 10, . actors that could influence the
Costa-Castillo Case- P= Mwe. en P 1;’ ngl [1-year; prosthetic Mean PIL: peri-implant bone loss, such as
etal., 2022 ase 30- artina (Prama, -5 13. N, loading] N BL = 1.04,, 0.12 ; ; :
[49] v control N.r. Shelta & Premium) Diameter = 3.30. - Px & " TL = 0'27" o patient age, oral hygiene practices,
: (Padua, Italy). 3.80, 4.25, 5.0. . =v.a/s. loading protocols, or systemic health
-Bl = 20. factors.
-TL =10.
-Conical
connection.
Canullo L _ -Premium Kohno 1l [5-year; TLI =3.97 Y MBL
etal., 2022 Calfter' | Mo & Prama; Sweden Iﬁ‘znﬁf}‘t‘rl};;' Nir. BL = 4.71Y] SVR = 100%. TL=038+046. N.m
[52] contro = & Martina. ameter = 2.0. Px. BL = 0.83 £0.58.
-BL =18.
-TL = 25.
-Conical &
cylindrical
Tapered.
-Syra or Shelta & Length =10, %{Bl:l 304 + 0.64
Pera F et al. Case- P =38. Prama implants, 11.5,13,15. Technique A. [1y] BL SVR =97.37%. TL _ 1'1 04 + 0'30' N.m
2020 [53] control N.r. Sweden & Martina ~ Diameter = 3.8, Px. TL SVR = 100%. L " ’
Failure of 2 BL
Due Carrare, 4.25. Implants
Padova, Italy. p :
-BL =76.
-TL = 80.
i Straumann® - Implant success defined as follows:
gi\lilea];g‘;’ellus (i) persistent ge;in, éloreigr;l body
. sensation, and /or dysesthesia;
implants with o 11\/\1(]33 E\T (? 41;j: 0.27. (ii) recurrent peri-in?plant infection
Souzaetal,  pop Ef ﬁ narrow and L%‘Igt.h o [3-year] SCDIE =95 o 3Y = —0.58 + 0.39. with suppuration (S); (iii) implant
2017 [42]. =12. regular dlar@g\eter. NDIs: 3.3. N.m Px. NDIs = 95 o- MBL RDIs: mobility (M); (iv) continuous
M=10 -Straumann RDlIs: 4.1. RDIs = 100% 1Y = —042 + 0.27. radiolucency around the implant;
Dental Implant 3Y = —0.53 + 0.46. (v) probing pocket depth (PPD)
gystem,lBaZel, >5 mm associated with bleeding
witzerland.

-TL = 44.

on probing.
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Table 1. Cont.

Implant System, Implant Length [Follow-Up] . Results (mean
Authors IS)t uc'ly Sample  Brand and and Diameter Surgery Methods of gurvwalRR:te & MBL, CBL, HBL Covariates
esighn Number (mm) Measurements uccess Rate OR PIL) in mm.
-Conical MBL
Yue Sun et al P=19. connection. Length = 8 & 10. [12 ms] TL =0.04 & 0.08.
2023 [50] v RCT F=11. -Straumann RC BL. Diameter = 4.1 Technique A. Px N.r. BL =0.17 £+ 0.017. N.m.
vl M=8.  -Bl=2l. &4.8. : 4 Implants were
-T1=21. lost for control.
-Tapered
connection.
. -Nobel Replace
Meloni M.S P =10. MBL
etal., 2018 RCT M=3  lapered CCPMC,  Length=8&10. g e s, [oyear] N.r. BL=093+037. Nm
Nobel Biocare, Diameter = 4.3. Px.
[51] F=7 SC=0.28 +0.21.
Goteborg, Sweden.
-Bl = 10.
-5C =10.
-Straumann
P =235. CBL
églgg %5‘_?] al, Rer M=15  (oreumannFles g Technique A. &Y SVR = 100% BL=0.18+046. Nm.
F =20. e ’ TL = 0.14 & 0.35.

-TL = 50.
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Patient (P), Implant (I), Month (m), Female (F), Male (M), Implants were inserted
with a full-thickness periosteal flap elevation approach or flapless in post-extractive sites
(Technique A), Implant was placed post extraction with GBR (Technique B), Post extraction
of 6-months healing (Technique C), Survival rate (SVR), Success rate (SCR), Marginal bone
loss (MBL), Peri-implant bone loss (PIL), Crestal bone loss (CBL), None reported (NR), Bone
level (BL), Tissue Level (TL) Bone level inserted 0.75-1 mm above the crest (5C), 0.75-1 mm
above the alveolar crest (SC), High bone loser (HBL), Narrow-diameter implants (NDIs),
Regular-diameter implants (RDIs), Peri-implant probing depth (PD), Note Mentioned
(N.m), Soft tissue level (STL), Bone level (BL), Maxilla (MAX), Mandible (MAN), Bleeding
on probing (BOP), Pink esthetic score (PES), White esthetic score (WES), Periapical X-ray
(Px), Panoramic X-ray (Pan), Intraoral Radiographs (Int), Randomized Clinical Trial (RCT)

Eight studies compared the MBL around dental implants placed at bone level and
tissue level [39,43,49-54], with a total of 684 implants. Bone-level implants in these studies
had mean MBLs (of 0.12 + 1.47 mm, 0.97 + 0.64 mm, infra crestal 0.09 + 0.16, crestal
0.90 £ 1.09, 0.17 £ 0.017 mm, 0.93 £+ 0.37 mm, 0.83 £ 0.58 mm, 1.324 + 0.64 mm,
0.18 £ 0.46 mm) over a total of 341 implants. The average mean of each study was
0.795 mm, 0.805 mm, 0.125 mm, 0.995 mm, 0.17 mm, 0.65 mm, 0.705 mm, 0.982 mm,
and 0.32 mm. Tissue-level implants in these studies had mean MBLs (of 0.04 + 1.3 mm,
1.18 £ 0.89 mm, 0.22 £+ 0.35 mm, 0.04 &+ 0.08 mm, 0.28 + 0.21 mm, 0.38 + 0.46 mm,
1.194 £ 0.30 mm, 0.14 & 0.35 mm) over a total of 338 implants. The average mean of each
study was 0.67 mm, 1.035 mm, 0.285 mm, 0.06 mm, 0.245 mm, 0.42 mm, 0.747 mm, and
0.245 mm. The analysis results show that both bone-level and tissue-level implants have
significantly near the same MBLs. While another study by Lépez et al. [40] compared
implants placed at the crestal level with a cylindrical and tapered Shiner XT, resulting in a
100% survival rate with mean MBLs of 0.1-0.3 mm. Another study by Guadio et al. [38],
which compared cylindrical and tapered implants without mentioning the level of place-
ment, had a 100% survival rate and mean MBLs of 0.9 £+ 0.7 mm.

Lopez et al. [40] compared cylindrical and conical implants, with a 100% survival
rate on both implants but higher bone loss in the cylindrical 0.52 4= 0.21 mm than in
the conical 0.48 £ 0.19 mm. Souza et al. [42] compared tissue-level implants of nar-
row diameter and regular diameter, showing higher survival for regular-diameter im-
plants, with mean MBLs of 0.06 £ 0.09 mm, rather than in narrow-diameter implants,
with mean MBLs 0.14 £ 0.16 mm. Bienz et al. [44], compared 18 tissue-level implants
only, where 8 of them received soft tissue grafts, with a control of 12 years, and had
no further significant peri-implantitis complication. Galindo-Moreno et al. [45], did not
compare tissue-level with bone-level implants either but provided some interesting data;
after the placement of 590 internal tapered conical connections, they observed >2 mm
MBLs. Sui et al. [46], analyzed 6 mm length bone-level implants, with mean MBLs of
0.04 & 0.14 mm. Pellicer-Chover et al. [47] analyzed dental implants inserted with high-
speed drilling with irrigation and low-speed drilling without irrigation, having only
high MBL in high-speed drilling (0.83 = 0.73 mm) in comparison with low-speed drilling,
0.70 & 0.62 mm. Prati et al. [48], placed 128 tissue-level only implants and had 2 implants’
failure and MBLs of 0.99 & 0.68 mm.

3.1. Bias Analysis

The bias and quality analysis of the articles that specifically discuss the comparison
between bone level and tissue level can be found in Tables 2 and 3.
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Table 2. Quality evaluation of the articles according to the Jadad scale [35].
Lost to Follow-Up
Randomized * Double Blind * and Removed Correct MEtIFOd of Correct Met.hOd of Score
Randomization ** Double Blind **
from Study *
Souza et al. [42] 1 0 1 -1 2
Sun et al. [50] 1 1 1 1 5
Meloni et al. [51] 1 0 1 -1 -1 0
Lago et al. [54] 1 0 1 -1 2

**Yes=1,No=0;*:Yes=1,No =

-1

Table 3. Quality assessment for case-control and cohort studies based on Newcastle-Ottawa Scale [37].

Selection

Comparability Exposure

Score (0-9)

Lopez et al. [38]

k%%

*

3%

6

Lopez et al. [39]

%%

*

3%

Anndrea Bassi et al. [40]

%%

*

*3%

Lopez et al. [41]

*%%

*%

Nicolas et al. [43]

43434

3%

Bienz et al. [44]

EE R

3%

Galindo-Moreno et al. [45]

%%

3%

Sui et al. [46]

LR

3%

Pellicer-Chover et al. [47]

%%

3%

Prati et al. [48]

*%%

*%

Costa-Castillo et al. [49]

%%

%%

Canullo et al. [52]

%%

*

3%

Pera et al. [53]

%%

*

FoF

NI N| VNN OO Ny on oy O

*, 2, 0k and *** “star system” used to assess the quality of studies in research articles.

3.2. Comparative Analysis

Regarding the quantitative analysis, seven studies [41,43,49,51-54] evaluated the MBL

between bone-level and tissue-level implants. Forest plots were produced to represent it

graphically (Figure 2). The difference in MBL between bone-level implants and tissue-level

implants was statistically significant, with a greater loss of bone in bone-level implants
(Mean Difference: 0.11, 95% CI:0.02 to 0.19, p = 0.01, and 12 heterogeneity: 81%, p < 0.0001).

Figure 2.

Bone Level Tissue Level Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Canullo et al. 2021 0.83 0.58 18 0.38 0.46 23 6.9% 0.45[0.13, 0.77]
Costa-Castillo et al. 2022 09 19 10 0.22 0.35 10 0.5% 0.88 [-0.52, 1.88] »
Lago etal. 2019 0.14 0.11 50 0.18 0.46 50 42.0% -0.04 [-0.17, 0.09]
Lopez et al. 2016 0.12 1.47 49 004 1.3 99 3.1% 0.08 [-0.40, 0.56)
Meloni et al. 2018 0.93 0.37 10 0.28 0.21 10 10.4% 0.65 [0.39, 0.91] —_—
Nicolas et al. 2020 0.97 0.64 97 1.18 0.89 43 B.3% -0.21[-0.50, 0.08) —
Pera etal. 2023 1.324 0.64 76 1.194 0.3 B0 28.8% 0.13[-0.03, 0.29) T
Total (95% CI) 310 317 100.0% 0.11 [0.02, 0.19] <

Heterogeneity: Chi* = 30.86, df = 6 (P < 0.0001); I' = 81%
Test for overall effect Z = 2.49 (P = 0.01)

-0.5 -0.25 0 025 05
Tissue Level Bone Level

Figure 2. Forest plot comparing MBL of tissue-level and bone-level implants [41,43,49,51-54].
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Only one study analyzed soft-tissue thickness, concluding that, the less soft tissue, the
greater the marginal bone loss, with a 12-year control of 0.88 mm [44].

4. Discussion

Bone-level and tissue-level implants have been widely and successfully used in dental
practices. However, there is no consensus as to which one has better outcomes. This review
studied the articles which were primarily concerned with comparing the effect of bone-level
or tissue-level design with regards to the MBL around implants. In the realm of implant
dentistry, diverse study designs ranging from retrospective cohorts to RCTs have been
employed to evaluate MBL around dental implants [38-54]. A comparison of these designs
reveals nuanced differences in the reliability and interpretation of the results that must be
meticulously dissected to appreciate the overarching narratives emerging from the data.

Retrospective cohort studies, such as those by Lopez et al. [38,39], provide the ad-
vantage of long-term follow-up data, which is invaluable for assessing the longevity and
success of implants. However, retrospective analyses are susceptible to inherent biases such
as selection and recall bias, potentially skewing the results. Prospective studies, exemplified
by the work of Andreasi Bassi et al. [40] and Sui et al. [46], offer a more controlled environ-
ment for data collection and can reduce these biases, thereby enhancing the reliability of
the outcomes reported. RCTs are the gold standard in clinical research due to their ability
to minimize bias through randomization. Souza et al. [42] employed a split-mouth RCT
design, offering a robust comparative analysis within the same patient, thus controlling for
patient-related variables. As seen in the multi-center study by Sui et al. [46], increasing the
sample of the study allows the detection of smaller differences in outcomes and provides a
more precise estimate of the treatment effect. Conversely, smaller sample sizes may not
adequately empower the study, leading to a potential Type II error, where a true effect
may go undetected [41]. Studies with a heterogeneous population, such as the one by
Nicolas et al. [43], which included non-compliant patients with a range of oral hygiene
practices, may reflect a more realistic clinical scenario but complicate the direct comparison
of outcomes between studies. In the discussion of implant dentistry research, it is crucial to
acknowledge the influence of study design and sample size on the interpretation of results.
The retrospective study by Lopez et al. [41], for instance, while providing a high survival
rate (SVR) and success rate (SCR), may be influenced by the biases inherent to its design.
In contrast, the prospective design by Andreasi Bassi et al. [40], with a 100% SVR but lower
SCR due to mean MBL, offers a different perspective on implant success.

Implants come in various shapes and sizes and with different surface characteristics,
each designed to optimize osseointegration and clinical success. The retrospective study by
Lopez et al. [38] showcased the use of transmucosal implants with a conical connection,
while Lopez et al. [39] compared bone-level and soft tissue-level cylindrical implants, each
with unique micro-threaded and transmucosal neck designs. These design variations are
critical to understanding the biomechanical integration of the implant with the surround-
ing bone and the potential for MBL. For instance, the conical plus octagonal connection
system assessed by Lopez et al. [41] was designed to enhance the implant-abutment inter-
face, which could theoretically reduce micro-movements and contribute to the implant’s
longevity. The sandblasted and acid-etched surfaces used in the implants studied by Lopez
et al. [38] and Andreasi Bassi et al. [40] were designed to increase the surface area for bone
contact, thereby potentially reducing the likelihood of bone loss. The placement technique
also plays a crucial role in implant success. Flapless surgery, as reported by Prati et al. [48],
tends to minimize surgical trauma and preserve blood supply, which can be beneficial for
bone preservation. In contrast, the full-thickness periosteal flap elevation technique used by
Lopez et al. [38] provides excellent access and visibility but may lead to greater disruption
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of the periosteal blood supply, which is essential for bone healing and regeneration. The use
of regular-diameter implants (RDIs) showed a 100% success rate, while narrow-diameter
implants (NDIs) showed 95% success rate in the posterior jaws, as investigated by Souza
et al. [42]; this addresses the challenge of limited bone availability while still maintaining
adequate support for occlusal forces. Studies with extended follow-ups, such as the 12-year
retrospective analysis by Bienz et al. [44], offer valuable insights into the behavior of soft
tissue contours and marginal bone over time. In contrast, shorter follow-up periods, like
the one-year assessment reported by Costa Castillo et al. [49], may not capture the full
spectrum of bone remodeling that occurs post-implantation. Despite the use of similar
surface treatments, the study by Lopez et al. [39] reported a mean peri-implant bone loss of
0.12 & 1.47 mm for bone-level implants and 0.04 & 1.3 mm for soft tissue-level implants,
whereas Souza et al. [40] observed a mean bone loss of —0.58 + 0.39 mm for NDIs and
—0.53 £ 0.46 mm for RDIs over a three-year period. These discrepancies highlight the
multifactorial nature of bone loss, influenced by not only the implant’s physical characteris-
tics but also by the surgical technique and patient factors. As we can see, the relationship
between implant characteristics and MBL is multifaceted and influenced by a variety of
factors. The collective evidence from the studies [38-54] underscores the need for careful
consideration of implant design, surface treatment, and placement techniques in the pursuit
of optimizing clinical outcomes. It also points to the necessity of individualizing implant
selection based on patient-specific anatomical and functional requirements to maximize the
potential for implant success and longevity. The standardization of measuring MBL is criti-
cal to compare results across studies. While most studies utilize radiographic assessments,
the precision and angles of radiographs can vary, potentially affecting the measurement
of bone levels [38,39,41]. Moreover, the timing of these measurements can influence the
perceived rate of bone loss. For instance, studies with longer follow-up periods, such
as that by Nicolas et al. [43], which considered a 10-year timeframe, offer insights into
the long-term stability of peri-implant bone. In contrast, shorter-term studies may not
capture the complete trajectory of bone remodeling [45]. When comparing quantitative
results, the studies present a range of MBL figures, from the minimal loss reported by
Lopez et al. [39] to the more significant loss in the study by Andreasi Bassi et al. [40]. These
discrepancies can be attributed to differences in implant design, surgical techniques, and
patient management. For example, the implementation of platform switching, as reported
by Prati et al. [48], is known to influence peri-implant bone levels favorably. Such design
modifications can mitigate stress concentration at the bone-implant interface and slow
the progression of bone loss. Prati et al. [48] reported a mean preimplant bone loss of
0.04 mm in infra-crestal implants, 0.26 mm in crestal implants, and 0.19 mm in supra-crestal
implants, while Costa-Castillo et al. [49] reported lower MBL in the sub-crestal group than
in the crestal group (0.04 £ 0.08 vs. 0.17 £ 0.17 mm, p = 0.004). Covariates play a pivotal
role in the interpretation of data and the understanding of bone loss around dental implants.
Patient-related factors such as age, hygiene practices, and systemic health conditions can
significantly influence the healing and maintenance of peri-implant tissues [43]. Studies
that account for these variables offer a more nuanced interpretation of implant success and
provide more individualized patient care guidelines. For instance, the influence of smoking
and periodontal disease history on bone stability around implants has been documented,
with conflicting reports on their impact on bone loss [43,45]. The interaction between these
covariates and the type of implant and study design can complicate the interpretation of
results. For example, while Souza et al. [42] found no significant difference in bone loss
between narrow- and regular-diameter implants, the patient’s oral hygiene and compliance,
which were not explicitly discussed in the study, could have a substantial impact on these
outcomes. Similarly, the retrospective nature of studies such as those by Lopez et al. [38]
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and Costa Castillo et al. [49] can introduce recall bias and selective reporting, which might
confound the results.

This systematic review presents some limitations. In the comparative analysis of
MBL, the homogeneity of study groups is another factor that influences the reliability and
comparability of results. Studies like that of Sui et al. [46] demonstrate high homogeneity
by using multi-center data with standardized protocols, enhancing the comparability of
their findings. Conversely, studies with heterogeneous groups, such as the case-control
study by Bienz et al. [44], require careful interpretation, as the variability within the sample
could mask or exaggerate the true effect of the implant characteristics on bone loss. Another
limitation is the lack of data that allow us to classify the results in subgroups to identify the
factors influencing bone loss. In future studies, it would be interesting to analyze bone loss
according to the measurement method used to observe the differences.

5. Conclusions

Concluding this systematic review and meta-analysis, the analysis revealed that
both bone-level and tissue-level implants are effective in managing marginal bone loss,
yet they exhibit distinct characteristics and outcomes. For instance, bone-level implants
demonstrated slightly higher rates of marginal bone loss in some cases, potentially due
to their direct contact with the bone. In contrast, tissue-level implants, often featuring a
transmucosal element, appeared to mitigate this loss more effectively in certain contexts.
The nuanced differences in their performance can be attributed to variations in implant
design, surface treatments, and placement techniques. The design and surface treatment of
the implant play a significant role in how well bone is maintained around the implant site.
For example, implants with rougher surfaces and platform-switching designs showed a
tendency to reduce bone loss, possibly due to better stress distribution and osseointegration.
This was reflected in a lower percentage of marginal bone loss compared to implants
with smoother surfaces or traditional designs. There is a clear need for standardized
measurement techniques for MBL to accurately compare the performance of different types
of implants. Understanding their unique characteristics and how they interact with patient-
specific factors is key to optimizing implant success. As dental implantology continues to
evolve, a patient-centered approach that integrates the best available evidence with clinical
expertise and patient preferences remains vital in providing effective, safe, and lasting
dental treatment options.
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