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1 | INTRODUCTION

Restoring missing teeth with dental implants has become a valid
treatment alternative over conservative approaches in partially
edentulous patients due to their excellent long-term survival and
success rates.”™ However, biological complications such as peri-
implantitis or marginal bone loss of 2mm or more may affect implant
survival.1#5~?

Similarly to natural teeth, supracrestal tissue attachment is
formed around implants, creating a biological barrier.!®! The mainte-
nance of this protective seal is crucial for the stability of peri-implant
hard tissues.*? Following implant placement and abutment insertion,
physiological bone remodeling will occur to establish supracrestal tis-
sue attachment.}®'2 Most remodeling occurs within the first year of
healing, with the highest dynamics in the first 6months.'® As a result,
the amount of marginal bone loss can determine the success of dental
implants.* Several factors influence marginal bone loss, which can
be anatomy-related,'>*¢ tooth-related,'”*® or implant-related.}¢*7-2¢

Implant design can be divided into one-piece (tissue-level)

and two-piece (bone-level) configurations. In two-piece implants,

after the connection of the prosthetic abutment, a microgap is
established in the implant-abutment junction,?’” which is associ-
ated with microleakage and bacterial contamination.?®2? Although
the results are controversial, these negative factors could lead to
greater marginal bone loss.3%3 It is becoming crucial to recognize
and address how implant restorative procedures may harm peri-
implant tissues and explore ways to minimize this impact.® Sev-
eral attempts have aimed to reduce the amount of marginal bone
loss. A well-documented approach with bone-level implants, called
platform-switching, was reported by Lazzara and Porter when a
smaller diameter abutment is used on a wider implant platform.25
However, Linkevicius et al.!® added that when vertical mucosa
height is less than 2 mm, the platform-switching concept alone will
not protect against marginal bone loss. Finelle et al.®? also added
that horizontal offset plays a minimal role, while the configuration
of the transmucosal component directly impacts bone remodeling.

Regarding the timing of abutment placement, recent reviews
have indicated that the ‘one abutment at one time’ protocol may
help minimize marginal bone resorption.>3-3® However, recent meta-

analyses, which exclusively included non-randomized clinical trials,
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have yielded conflicting results regarding whether this protocol gen-
uinely provides benefits for crestal bone levels.®”%8

On the other hand, several studies reported that the height of
prosthetic abutment could also impact marginal bone loss, %40 hy-
pothetically, through the establishment of supracrestal tissue at-
tachment. Vervaeke et al. were probably among the first authors
who concluded in a nine-year follow-up study that shorter abut-
ments could lead to greater bone loss.*! However, the nature of the
study was a prospective case series without a control group, which
lowers the level of evidence. Chen et al.?% also examined the impact
of abutment height on marginal bone loss in a meta-analysis. How-
ever, the authors included retrospective and animal studies, which
downgraded the evidence level. Another systematic review of this
matter concluded that the abutment height significantly impacted
marginal bone loss. As such, longer abutments correlated with less
bone loss.*? However, this study included retrospective cohorts
without quantitative analysis and showed a moderate-to-high risk
of bias. Although a randomized clinical trial from Linkevicius et al.
has found no significant difference between different abutment
heights,*® the most recent meta-analysis concluded that shorter
abutments caused higher marginal bone loss.** This study pooled
data from different follow-up times, and the authors also included
data from studies with the same study group and population that

4546 which created an important

had been used multiple times,
source of bias.

Therefore, the purpose of this systematic review and meta-
analysis is to offer the most robust and current scientific evidence
regarding the biological outcomes of bone-level implants when re-
stored with either short or long abutments within the context of the

‘one abutment at one time’ protocol.

2 | MATERIALS AND METHODS
2.1 | Protocol and registration

The present systematic review and meta-analysis was reported fol-
lowing the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2020 statement®’ with the guidance of
the Cochrane Handbook.*® We registered the study protocol at the
International Prospective Register for Systematic Reviews (PROS-
PERO) in May 2022 (registration number CRD42022331923).

2.2 | Search strategy

A systematic search was carried out in five medical databases:
MEDLINE (PubMed), EMBASE, Web of Science, CENTRAL, and
Scopus. The first search was from inception up to May 2022. An
updated search was also conducted in January 2023. We used the
same search term in each database: (dental implant OR dental im-

plantation OR osseointegrated OR oral implant OR implant) AND

(abutment height OR collar height OR running space OR abutment
length OR collar length OR neck length OR smooth neck portion OR
transmucosal height OR gingival height) AND (influence OR com-
parison OR difference OR different OR short OR long). During the
search, we did not apply filters. An additional manual search was
conducted among the reference lists of all included articles to iden-
tify further possible articles. EndNote reference management soft-

ware was used to organize and manage records.*’

2.3 | Eligibility criteria

We framed our research question following the Population, In-
tervention, Comparator, and Outcome (PICO) framework. Eligible
randomized controlled trials and non-randomized prospective in-
terventional studies included partially edentulous subjects in need
of implant restorations and compared prosthetic rehabilitation with
long (>2mm) and short (<2mm) abutments. The main outcome as-
sessed was marginal bone loss. Additional outcomes were bleeding
on probing and probing pocket depth.

For inclusion, studies had to fulfill the following criteria: human
study, at least 20 participants treated, follow-up time of at least
6months, any brands and kinds of titanium, bone-level, platform-
switching implants, detailed reporting on biological outcomes, de-
tailed reporting on abutment height: short abutments <2mm, long
abutments 22mm, and fixed single or partial (up to 3-unit) resto-
rations. On the other hand, we excluded studies with guided bone
regeneration, tissue-level (one-piece) implants, zirconia implants,
and study types like questionnaires, case reports, case series, and
non-randomized retrospective studies.

2.4 | Selection of studies

After removing duplicates, records were inspected by two review
authors (PT and ES) independently, based on the titles and abstracts
of the papers. Afterward, full texts were also assessed by the same
two authors. On each level, Cohen's Kappa (k) coefficient was calcu-
lated. Furthermore, the reference lists of the eligible articles were
hand-searched for additional potential studies. Finally, disagree-
ments between review authors were solved by discussion or by in-
volving a third reviewer (KM).

2.5 | Data extraction

Two authors (PT and ES) independently extracted data. Any
disagreements were resolved by discussion until consensus
was reached or by consulting a third author (KM). We extracted
the following data: first author, year of publication, study de-
sign, study setting, number of participants, number of implants

planned, number of implants at the end of the study, mean age
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of participants, implant type, surgical site, ‘one abutment at one
time’ protocol, restoration type, type of fixation, loading protocol,
level of implant placement, follow-up time, and outcome param-
eters. None of the studies reporting on multiple interventions in
one participant reported the intracluster correlation coefficient
(ICC). If data were given in independent groups, for example, thin
and thick mucosa, we calculated their common mean and stand-
ard deviation (SD) using the appropriate formula. However, if data
were given in dependent groups, for example, mesial and distal
measurement, the average standard deviation was used as pooled
standard deviation, which is an upper boundary estimate for the
true standard deviation, assuming a positive correlation between
the measurements.

2.6 | Quality assessment

The quality of each included study was assessed by two reviewers
(PT and ES) independently using the Cochrane Risk of Bias Tool 2
for randomized clinical trials and ROBINS-I for non-randomized tri-
als.’? If needed, a third reviewer author (KM) was also involved in the

decision-making.

2.7 | Statistical analysis

The statistical analyses were made with R.> For calculations and
plots, we used the meta®? and dmetar™® packages. In the case of
marginal bone loss and probing pocket depth, we calculated pooled
mean difference (MD) with 95% confidence intervals (Cl). We ana-
lyzed bleeding on probing as a binary variable, calculating pooled
risk ratios (RR) with 95% CI. The Mantel-Haenszel method was used
for pooling, and the exact Mantel-Haenszel method (no continuity
correction) was used to handle zero cell counts. In each case, we
applied the random-effects meta-analysis model with the Hartung-
Knapp adjustment to prevent false-positive findings. If it was ap-
plicable, we reported the 95% summary prediction interval (Pl). We
used forest plots to summarize results graphically. To estimate 2, we
used the REML method and Q profile method for calculating the CI
of 72.°% Statistical heterogeneity across trials was assessed using the
Cochrane Q test and I? values.>®

2.8 | Handling of correlated data

In the case of studies with multiple interventions in the same

40.55-58 \we performed a sample size correction follow-

subjects,
ing the recommendations of Higgins et al.*® We performed two
calculations with two values of the intracluster correlation co-
efficient: one for ICC=0, which means full independence, and
one for ICC=0.5, which means considerable dependence. Both
results are presented on the forest plots. For the detailed de-
scription of sample size correction, see Supplementary Methods

in Appendix S1.

ooy ) AR

2.9 | Certainty of evidence

We assessed the certainty of evidence using the Grading of Rec-
ommendations Assessment, Development, and Evaluation (GRADE)
approach.®’

3 | RESULTS
3.1 | Screening process

The systematic search resulted in 4055 articles after duplicate re-
moval. After title and abstract evaluation, 16 records were selected
(k=0.91). Finally, full-text selection revealed eight eligible articles
(«=0.97). Finally, the hand search of reference lists did not bring any
more results (Figure 1). Reasons for exclusion are detailed in Table S1.

3.2 | Included studies

Eight studies were included in the systematic review,*0:43:46,55-58,60

out of which seven were included in the meta-analysis.40:46-55-58:60
Seven of the included studies were randomized clinical trials, and
one was a non-randomized prospective interventional study.>® All
implants were titanium, bone-level, platform-switched, and placed
epi- or subcrestally without the need for hard or soft tissue aug-
mentation. Healing periods ranged from 2 to 4 months in all studies.
Only two studies followed the two-stage protocol with submerged
healing before inserting healing abutments.*®>® Three studies re-

h#04656 and seven studies reported 12-month fol-

ported 6-mont
low-up data.*346:55-58.60 The ‘one abutment at one time’ protocol
was applied in five studies.*®*>5°=57 All included studies investi-
gated bone-level changes, five studies investigated sulcus bleed-
ing,3:46.55.57.60 55,60

The extended summary of study characteristics is given in Table 1.

and two studies investigated pocket depths.

3.3 | Quality assessment

The overall risk of bias was low for three randomized clinical tri-

465557 \yhile the other three showed some concerns*®>%° due

als
to missing pre-specified analysis plans (Figure S1). For the non-

randomized study,58 the risk of bias was moderate (Table S2).

3.4 | Marginal bone loss at 6 months

Three studies with 174 implants overall were included in this analy-
sis. According to the random-effects model, the long abutment
group showed less (0.63mm) marginal bone loss at 6-month follow-
up (ICC=0.5, MD 0.63, 95% Cl: [-0.16; 1.42] I’=93.99%, p<0.001;
Figure 2). The certainty of evidence was moderate (Table S3). As for-
est plots shown in Figure 2, there was almost no difference between
the calculations based on the corrected sample sizes of the related
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[ Identificati £ studi ia datab d registe ] FIGURE 1 Flowchart of the selection
entification of studies via databases and registers process based on PRISMA 2020
statement.
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articles. ICC=0 and ICC=0.5 calculations showed no difference in

pooled values (p=0.980).

3.5 | Marginal bone loss at 1 year

Overall, 384 implants from six studies were included in this analy-
sis. The long abutment group exhibited less (0.26 mm) marginal
bone loss at 1-year follow-up (ICC=0.5, MD 0.26, 95% Cl: [-0.02;
0.53] 1’=73.25%, p=0.002; Figure 3). The certainty of evidence
was high (Table S3). There was almost no difference between the
calculations based on the corrected sample sizes of the related
articles, as forest plots shown in Figure 3. ICC=0 and ICC=0.5
calculations resulted in less than 0.1 difference in pooled values
(p=0.948).

3.6 | Subgroup analysis of the ‘one abutment at
one time’ protocol

Subgroup analysis of six studies revealed no difference in marginal
bone loss at 1-year follow-up, when definitive abutments were

placed immediately after implant placement (p=0.973; Figure 4 with
ICC=0.5 and Figure S2 with ICC=0 calculations).

3.7 | Leave-one-out analysis of marginal bone loss

Omitting the article of Spinato et al. (2017), thus including only ran-
domized clinical trials in this analysis, random-effects meta-analysis
resulted in less (0.26 mm) marginal bone loss in the long abutment
group at 1-year follow-up (ICC=0.5, MD 0.26, 95% Cl: [-0.12; 0.65]
1?=77%; Figure S3).

3.8 | Bleeding on probing

Four studies with 256 implants overall were included in this analy-
sis. We found no difference in bleeding on probing between abut-
ment heights at 1-year follow-up (ICC=0.5, RR 0.97, 95% Cl: [0.76;
1.23] 1’°=0%, p=0.927; Figure 5). The certainty of evidence is
moderate (Table S3). As the forest plots shown in Figure 5, there
was almost no difference between the calculations based on the
corrected sample sizes of the related articles. ICC=0and ICC=0.5

85U8017 SUOWWIOD 3AIIERID 3|qedljdde aup Aq paueAob a1e Sl VO ‘SN J0 S8 1o} Areiq 1T 3UIIUO AB]IM UO (SUORIPUOD-PUe-SULBH LI A8 |IMATe1q 1[BUI|UO//SHNY) SUORIPUOD PUe SWwiie | 8L 89S *[£202/60/82] UO AigiTaulluo A8 (1M ‘uieg TIseAIUN AQ YESZT PAd/TTTT OT/I0p/W00 A8 1M A eIq1jeuluo//Sdny woy papeojumod ‘0 ‘2G0009T



16000757, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/prd.12534 by Universitét Bern, Wiley Online Library on [28/09/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

"SS3UNDIYY [BSOINW [BDITIDA ‘| INA ‘|B1I} PO]|0JIUOD PAZIWOpUES ‘| DY
‘yydap 39320d Buiqoud ‘Qdd xapul anbejd ‘|4 ‘DWwi} SUO e JUSWINGE SUO ‘| QYO ‘[El4} PIZIWOPUEI-UOU ‘| YN ‘Pa3Jodal Jou “4u ‘ejuodiz JIyHjouoW ‘Z|A Xapul Suipas|q sndjNs paljipow ‘|gSw xapul anbejd
paljipow ‘| W {D1Welad-[ejaw ‘DA (SSO| 2U0(q |euldew “Tg|A ‘eS0dNW Paziuljesay ‘N {[9A3] auoq [ewixoldialul “Jgd| (JUaId14}200 Uolje|a.l0d Ja3snjdesul ‘DD ‘Suiqodd uo Suipasiq ‘dOg SUoijeInaIqay

Hun-13nw Jo 9|3uls

9N - wwg< wwo > ZT paulelal-quawa) |euoluUaAUO0D ON IN |easaJdidy L10C  ¢;'le 39 ojeulds
sa3pliq
R paiddy wwe wwT 9°‘c paule}al-maudsg |euoI}USAUOD OoN IN |eysaJoidy 8102 oy 1830 00UElg
m SuMoud pajullds |e1saJ4oqgns
m d0g ‘X 19N palddy wwg ww T TvT paule}al-mauds |eUoIIUSAUOD OoN 101193150 Jo -1d3 810 4o '|B 30 sa81og
W jun-13nw |eysaJoqgns
m 149d| palddy wwe wwT Zr‘9‘c paule}al-mauds |eUOI}USAUOD OoN 101193150d Jo -1d3 6102 s 1839 001d
2 un
.m LIAA ‘19SW ‘|dw 19N - wwe ww T 2T ‘9 9|3uls paule}al-Mmaldg |eUOIIUSAUOD ON 101193150 |eisauoidy 610C o, ’|e 32 Ojeulds
.m SUMOJD pajul|ds |e1sa4oqns
o INM ‘dOd 19N palddy wweg wwy  9eTI YT pauieja-matds |EUOIIUSAUOD ON 10119350d Jo -1d3 17494 oo |B 32 59810g
Hun-13nw Jo
409 ‘ddd ‘LIWA 19 palddy ww e ww T 2T 9|8uls paulelal-mauds |eUOIIUSAUOD ON 101193150 |e1saloqgns 1202 o€ 39 Zounjy
Hun LRE
Id ‘dOg ‘ddd 1an - ww g ww /o TT  9l3uls paule}al-maids |EUOIIUSAUOD ON J10143350d [e3sa401d3 (44014 SNIRIASYUI
sawo21nQ |020304d (Suoy) (340ys) syjuow suoljel01say |od0j0o4d  uonejuswsne a)s 19A9] FLEYN Joyny
10V0 ysivy ySiay dn-mojjo4 Suipeon anssi) piey |ea18ang jJuswadeld
jswinqy  juswinqy 10 yos juejdwy Apms
uogexay 226 ‘wwig< PEMIED) AR E)
[euldjul  wnjuell]  [9A9]-auog Sd  PHUgAY ‘T-adeys (0)44 oTT €6 6'9S ‘wwo >  pajddejoN d1eALd 1IN /10T ojeurds
|ea1uod €76 wwg oy 183
[eutau| wniueyl ] [9A9]-duog Sd MVSY1 ‘Dluolg (44 4% [44 8'GG W pajjdde 10N Ayisianiun 104 810¢ odue|g
|e21uod yoogellsy 29 ‘wwg J91U9d PR
|eusaqu| wniuel| |9A3]-auog Sd ‘paadsoassO €9 89 e /9 wwT palidde 10N 91eAlld 10¥ 8T0¢C sadiog
|ea1uod 7S wwg
jeusajul wniuell} [9A9]-auog Sd MVSY1 ‘Dluolg 99 99 €€ 9°GG ‘WwT paijdde j0N Ayisianlun 10y 610C  o5'le 32 0dld
uo3exay ouesdn PEAITER] oy 1839
|eulajul wniuejl ] [9A9]-auog Sd ‘Ogradeys 99 (074 (074 €19 papaaujoN 9}eAlld 10y 610¢ ojeuids
|e21u0d yoajelisy 29 :wwyg JEMIES] 0ole
jeusaju] wniuejl ] [9A9]-auog Sd ‘p92ds09s50 65 89 %3 £9 WWT papaaujoN 9jeAlld 10y 17404 saglog
W9ISAS
uo3exay juejdu| 8'EG ww g Ju e
[ewau] wniueyl | |9A9]-suog Sd Jaux20]3 ‘eS8 66 [4%% 69 G'9G wwT g pajjddy Ayis1anlun 104 1¢0¢ Zounin
|e21uod ey B39
[ewtau] wniueyl | |[9A9]-auog Sd SSO3IPNN ‘9L 19 09 09 9%  PIpa3uloN Aysianiun 104 (44014 SnidIASUI
adA) |eliare 9dA] wiojleld wa)sAs pus Sujuuisaq s329[qns (s1eah) o)) Sumss usisag Jeap loyiny
uol}d23uuo) ay1ie ‘oN 1e ‘'ON 10 'ON o8e uesy
m juejdwy uone|ndod Apnis
=
W 'S91pNis papn[oul 8y3 JO Soljsiualoeleyd diseg T 379VL




[ A TAJTI ET AL.
A\WAIBaA%S Periodontology 2000

Short abutment Long abutment

Studies N Mean SD N Mean SD Mean Difference MD 95% Cl Weight
ICC=0

Spinato et al. (2019) 34 060 034 32 0.32 0.25 . 3 0.28 [0.14;0.43] 351%
Blanco et al. (2018) ICC=0 22 091 0.19 20 0.11 0.09 o 0.80 [0.71;0.89] 36.7%
Pico et al. (2019) ICC=0 34 092 088 32 0.07 0.22 —— 0.85 [0.54;1.16] 28.2%
Random effects model 90 84 e 0.63 [-0.15; 1.42] 100.0%
Prediction interval [-3.89; 5.15]

Heterogeneity: 1% = 94.66% [87.76%; 97 .67%)], = 0.0925, p < 0.001
Test for effect in subgroup: t, = 3.47 (p = 0.074)

ICC=0.5

Spinato et al. (2019) 34 060 034 32 0.32 025 . 0.28 [0.14;0.43] 36.4%
Blanco et al. (2018) ICC=0.5 15 0.91 0.19 13 0.11 0.09 = 0.80 [0.69;0.91] 37.5%
Pico et al. (2019) ICC=0.5 23 092 0.88 21 0.07 0.22 —a— 0.85 [0.48;1.22] 26.1%
Random effects model 72 66 e 0.63 [-0.16; 1.42] 100.0%
Prediction interval [-3.91; 5.16]

Heterogeneity: 12=93.99% [85.85%; 97.45%)], 2 =0.0922, p <0.001
Test for effect in subgroup: t, = 3.41 (p = 0.076)
Test for subgroup differences: Xf =0.00, df =1 (p = 0.980)

[ I I I I 1
-1 05 0 05 1 15 2

Higher Higher
in long abutment in short abutment

FIGURE 2 Forest plot shows less marginal bone loss with long abutments at 6-month follow-up.

calculations resulted in less than 0.1 difference in pooled values time.136263 Besides the different surgical techniques, implant de-
(p=0.950). signs, and surfaces, Donos et al. mention the importance of immune-
inflammatory cells for the maturation of the bone matrix.®* Immune
cells like neutrophils, monocytes, and macrophages stimulate col-
3.9 | Probing pocket depth lagen deposition in the early stages. Long-term bone remodeling

shows that bone matures and gains resistance to deformation, but

Overall, 154 implants from two studies were included in this analy- osteocyte density decreases, emphasizing the importance of both
sis. There was no difference in probing pocket depth between abut- early and long-term remodeling for implant stability.* For this rea-
ment heights at 1-year follow-up (ICC=0.5, MD -0.05, 95% ClI: son, it is essential to separately assess marginal bone loss at differ-
[-1.11; 1.01] ?=0%, p=0.650; Figure 6). The certainty of evidence ent time points, as the marginal bone loss rate within the first year
was moderate (Table S3). There was almost no difference between can serve as a reliable predictor of long-term implant failure.*® Our
the calculations based on the corrected sample sizes of the related findings align with these assertions, as the results revealed a signifi-
articles, as the forest plots shown in Figure 6. ICC=0 and ICC=0.5 cant disparity in marginal bone loss at the 6-month follow-up, which
calculations resulted in less than 0.1 difference in pooled values corroborates the notion of substantial bone remodeling during this
(p=0.933). period.

In our study, concerning early marginal bone loss, our analysis
unveiled slightly higher bone levels in the long abutment group. Al-
4 | DISCUSSION though these findings did not reach statistical significance, they did

indicate less bone loss in this group at both the 6- and 12-month

This systematic review and meta-analysis aimed to assess the bio- follow-up intervals, and these measurements held clinical relevance.
logical outcomes of bone-level implants when restored with various One possible explanation could be attributed to the establishment
abutment heights, within the framework of the ‘one abutment at one of soft tissue architecture and the management of abutment-crown
time’ protocol. microgaps. When utilizing a short abutment in cases with a thin

In dental implantology, bone remodeling around implants is phenotype, there might not be enough vertical mucosal thickness
crucial for osseointegration.61 The majority of this occurs within to facilitate the formation of soft tissue architecture. Consequently,
the first year after implant placement. The rate of bone turnover is marginal bone loss could occur as a means to establish the necessary
highest during the first 6months and then gradually declines over vertical dimensions for STA.%°
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Short abutment Long abutment
Studies N Mean SD N Mean SD Mean Difference MD 95% Cl Weight
Icc=0 ’
Borges et al. (2018) ICC=0 16 0.65 0.38 20 0.72 0.37 —— -0.07 [-0.32;0.18] 15.2%
Linkevicius et al. (2022) 27 060 049 28 0.45 0.51 = 0.15 [-0.11;0.41] 14.6%
Munoz et al. (2021) ICC=0 48 0.19 0.14 51 0.03 0.14 0.16 [0.10;0.22] 20.7%
Spinato et al. (2017) ICC=0 26 053 0.31 36 0.25 0.21 . B 0.27 [0.13;0.41] 18.8%
Spinato et al. (2019) 34 068 043 32 0.34 0.27 = 0.34 [0.17;0.51] 17.8%
Pico et al. (2019) ICC=0 34 095 0.88 32 0.12 0.33 —+— 0.83 [0.51;1.15] 12.9%
Random effects model 185 199 _ 0.27 [-0.03; 0.56] 100.0%
Prediction interval [-0.47; 1.00]
Heterogeneity: /2 = 80.46% [57.77%; 90.95%], t* = 0.0587, p < 0.001
Test for effect in subgroup: t5 = 2.32 (p = 0.068)
ICC=0.5
Borges et al. (2018) ICC=0.5 11 065 0.38 13 0.72 0.37 — -0.07 [-0.37;0.23] 14.0%
Linkevicius et al. (2022) 27 060 049 28 045 0.51 = 0.15 [-0.11;0.41] 15.2%
Munoz et al. (2021) ICC=0.5 38 0.19 0.14 40 0.03 0.14 0.16 [0.10;0.22] 21.5%
Spinato et al. (2017) ICC=0.5 24 0.53 0.31 34 0.25 0.21 . B 0.27 [0.13;0.41] 19.5%
Spinato et al. (2019) 34 068 043 32 0.34 0.27 - 0.34 [0.17;0.51] 18.6%
Pico et al. (2019) ICC=0.5 23 0.95 0.88 21 0.12 0.33 —+—— 0.83 [044;122] 11.3%
Random effects model 157 168 e 0.26 [-0.02; 0.53] 100.0%
Prediction interval ——— [-0.34; 0.86]
Heterogeneity: /2 = 73.25% [38.67%; 88.34%], 12 = 0.0381, p = 0.002
Test for effect in subgroup: t5 = 2.42 (p = 0.060)

I T T 1

Test for subgroup differences: Xf =0.00, df =1 (p = 0.948)

in long abutment

-1 -05 0 0.5 1

Higher Higher
in short abutment

FIGURE 3 Forest plot shows less marginal bone loss with long abutments at 1-year follow-up.

When a short abutment is used with a thick soft tissue phe-
notype, the microgap and inflammatory infiltration are positioned
closer to the bone crest, potentially leading to increased bone re-
sorption.*®%¢%7 It is worth noting that our results, showing no signif-
icant difference, diverge from those of previous meta-analyses. This
divergence could be attributed to the more sophisticated statistical
methodology we employed in our study.23’43

Due to the limited data set size, a meta-analysis of late marginal
bone loss could not be conducted in the present study. Only one trial
could be included with a 3-year follow-up period.® In that study,
no significant difference was reported for marginal bone loss be-
tween short and long abutments at long-term follow-up. Previously,
Vervaeke et al.*! also found no significant difference in long-term
peri-implant bone loss with different abutment heights during their
9-year prospective case series.

A subgroup analysis revealed no significant difference in marginal
bone loss when definitive abutments were inserted immediately after
implant placement. Despite the few studies in this analysis, it is in-
teresting to see such controversy in the literature. Canullo et al .68
reported that the ‘one abutment at one time’ method might be able
to minimize marginal bone loss. In a recent meta-analysis using data

from four studies, significantly greater bone loss was also reported
with multiple abutment placements.38 Borges et al. investigated the
concept alongside abutment height with a 3-year follow-up. They
concluded that long definitive abutments inserted immediately after
surgery offer a favorable treatment option regarding the maintenance
of crestal bone.’° Other systematic reviews concluded insufficient
evidence in this regard.“’c”’70 These findings support the assumption
that further investigations are needed to draw solid conclusions from
this as-yet controversial concept.

Key elements of assessing soft tissue health are bleeding of
probing and probing pocket depth, indicating inflammation and at-
tachment loss.”* Our analysis showed no difference in bleeding of
probing or probing pocket depth between study groups. Our results
suggest that abutment height alone may not have an influence on
soft tissue health, but prosthetic factors and individual oral hygiene
routines could have.”?7* Previous meta-analyses could not investi-
gate this outcome due to the scarce amount of data available.?®*4

Several factors, both clinical and anatomical, influence the choice
of abutment height, including implant depth and angulation, interoc-
clusal space, and soft tissue height.”® Previously, it seemed that mu-
cosa thickness was also a significant factor in maintaining crestal bone
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Short abutment Long abutment
Studies N Mean SD N Mean SD Mean Difference MD 95% Cl  Weight
DEF AB PLACED AFTER HEALING
Linkevicius et al. (2022) 27 0.60 049 28 045 0.51 ——4— 0.15 [-0.11;0.41] 15.1%
Spinato et al. (2017) ICC=0.5 24 053 0.31 34 0.25 0.21 + 0.27 [0.13;0.41] 19.6%
Spinato et al. (2019) 34 068 043 32 0.34 0.27 —0— 0.34 [0.17;0.51] 18.6%
Random effects model 85 94 0 0.28 [0.09; 0.47] 53.4%
Prediction interval —— [-0.38; 0.93]
Heterogeneity: 12 = 0% [ 0.00%; 89.60%], t°> = 0, p = 0.478
Test for effect in subgroup: t;, = 6.31 (p = 0.024)
DEF AB PLACED IMMEDIATELY
Borges et al. (2018) ICC=0.5 11 065 0.38 13 0.72 0.37 —'— -0.07 [-0.37;0.23] 13.8%
Munoz et al. (2021) ICC=0.5 38 0.19 0.14 40 0.03 0.14 ' 0.16 [0.10;0.22] 21.8%
Pico et al. (2019) ICC=0.5 23 095 0.88 21 0.12 0.33 P 0.83 [044;1.22] 11.1%
Random effects model 72 74 ——.— 0.29 [-0.84;1.42] 46.6%
Prediction interval [-5.93; 6.50]
Heterogeneity: /2 = 85.44% [57.29%; 95.04%], t° = 0.1744, p = 0.001
Test for effect in subgroup: t, = 1.10 (p = 0.386)
Random effects model 157 168 < 0.26 [-0.02; 0.53] 100.0%
Prediction interval ——— [-0.34; 0.86]
Heterogeneity: 12 = 73.25% [38.67%: 88.34%], <2 = 0.0381, p = 0.002 ! ' ! !
Test for overall effect: t5 = 2.42 (p = 0.060) -2 -1 0 1 2
Test for subgroup differences: xf =0.00,df =1 (p =0.973) Higher Higher

in long abutment

in short abutment

FIGURE 4 Forest plot shows no difference in marginal bone loss between subgroups of ‘one abutment at one time’ and conventional

placement protocols at 1-year follow-up (ICC=0.5).

levels.'? Linkevicius et al. suggested that initial mucosa thickness in-
fluences crestal bone changes.'® Also, a meta-analysis in 2016 stated
that implants placed in thicker peri-implant soft tissue areas had sig-
nificantly less marginal bone loss than those with thinner mucosa.®®
Nonetheless, it must be noted that these studies did not consider
abutment height. In our study, two of the included trials investigated
marginal bone loss of different abutment heights in relation to ver-
tical mucosal thickness.**>> Contrary to previous findings, both of
these studies confirmed that the amount of marginal bone loss was
not correlated with vertical mucosal thickness. Therefore, this con-
troversial question should be further analyzed in future studies.

4.1 | Strengths and limitations
The strengths of the present meta-analysis were the pre-established
and published methodologies, with a more refined statistical analy-
sis, and the inclusion of seven randomized clinical trials. The included
studies showed low to moderate risk of bias, and GRADE assess-
ment indicated high to moderate certainty of evidence.

The present study has several limitations as well: (1) relatively
few studies were available for most of our analyses, mainly having
short-term follow-ups; (2) high statistical heterogeneity, which may

be due to the low number of studies available; and (3) differences in
study characteristics, such as restoration and retention types, fol-
low-up periods, implant connection types, implant placement levels,

and soft tissue phenotypes.

4.2 | Clinical and research implications

The usefulness of immediate implementation of scientific results has
been previously shown.”®”” Clinicians may prioritize the use of long
abutments when restoring dental implants as they can help reduce
bone loss and maintain more stable tissues, which may lead to more
predictable long-term outcomes. These advantages may make long
abutments a preferred choice for implant restorations whenever
possible in clinical practice.

Nevertheless, further research is needed to understand the
long-term implications of different abutment heights. More homo-
geneous study designs are needed in terms of implant placement
levels, abutment designs, and restoration types with longer follow-
ups, and preferably split-mouth trials. Moreover, further research
should also focus on the ‘one abutment at one time’ protocol as well
as follow-ups on vertical mucosal thickness in order to eliminate any

controversies around their influential effects.
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Short abutment Long abutment

Study Events Total Events Total Risk Ratio RR 95% Cl Weight
Icc=0 ‘

Borges et al. (2018) ICC=0 0 16 1 20 + | 0.36 [0.01;9.40] 1.3%
Linkevicius et al. (2022) 8 27 8 28 —|°— 1.04 [0.45;2.37] 19.7%
Munoz et al. (2021) ICC=0 11 48 11 51 —F 1.06 [0.51;2.22] 24.7%
Spinato et al. (2019) 16 34 16 32 . B 0.94 [0.57;1.55] 54.3%
Random effects model 125 131 4 0.98 [0.77;1.23] 100.0%
Prediction interval —— [0.44; 2.18]

Heterogeneity: 12 = 0% [0.00%; 84.69%], t° = 0, p = 0.929
Test for effect in subgroup: t3 =-0.33 (p = 0.766)

ICC=0.5

Borges et al. (2018) ICC=0.5 0 11 1 13 + 0.35 [0.01; 8.64] 1.4%
Linkevicius et al. (2022) 8 27 8 28 —lf— 1.04 [0.45;2.37] 20.6%
Munoz et al. (2021) ICC=0.5 9 38 9 40 —F 1.05 [0.47;2.37] 21.3%
Spinato et al. (2019) 16 34 16 32 . B 0.94 [0.57;1.55] 56.7%
Random effects model 110 113 ‘ 0.97 [0.76; 1.23] 100.0%
Prediction interval = [0.43; 2.21]

Heterogeneity: 1% = 0% [0.00%; 84.69%], ©* = 0, p = 0.927
Test for effect in subgroup: t3 =-0.40 (p = 0.714)
Test for subgroup differences: xf =0.00, df =1 (p = 0.950)

1T T 71T 1
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Higher Higher
in long abutment in short abutment

FIGURE 5 Forest plot shows no difference in bleeding on probing between different abutment heights at 1-year follow-up.

Short abutment Long abutment

Studies N Mean SD N Mean SD Mean Difference MD 95% Cl  Weight
ICC=0

Linkevicius et al. (2022) 27 256 090 28 269 0.95 —. -0.13 [-0.62;0.36] 48.4%
Munoz et al. (2021) ICC=0 48 3.08 1.24 51 3.04 1.16 — 0.04 [-0.44;0.51] 51.6%
Random effects model 75 79 -0.04 [-1.11;1.02] 100.0%

Heterogeneity: 2= 0%, = 0, p =0.630
Test for effect in subgroup: 1 =-0.52 (p = 0.694)

ICC=0.5

Linkevicius et al. (2022) 27 256 090 28 269 095 —fl— -0.13 [-0.62;0.36] 54.4%
Munoz et al. (2021) ICC=0.5 38 3.08 1.24 40 3.04 1.16 —— 0.04 [-0.50;0.57] 45.6%
Random effects model 65 68 -0.05 [-1.11;1.01] 100.0%

Heterogeneity: 12=0%, 1? =0, p =0.650
Test for effect in subgroup: t1 = -0.64 (p = 0.637)
Test for subgroup differences: xf =0.01,df=1 (p =0.933)

Higher Higher
in long abutment in short abutment

FIGURE 6 Forest plot shows no difference in probing pocket depth between different abutment heights at 1-year follow-up.
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It can be tentatively concluded that longer abutments for bone-level

implants appear to be a favorable treatment option for reducing

early marginal bone loss. In the context of a short-term follow-up

period, the timing of the abutment connection may not exert a sig-

nificant influence on biological outcomes. However, additional re-

search is required to substantiate these findings.
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