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Materials and Methods: A group of 176 patients in whom 590 implants were placed
were included in this retrospective study. Patients older than 18 years, presenting
either Kennedy class | or Il edentulous section, or totally edentulous at least in one of
the dental arches were included in this study. Those with any type of disturbance
able to alter bone metabolism or with nontreated periodontal disease were excluded.
Data on radiographic MBL at loading, 6 and 18 months later, age, gender, smoking
habits, history of periodontitis, bone substratum, implant, and prosthetic features
were recorded. Nonparametric receiver operating curves (ROC) were constructed for
the MBL at 18 months in order to establish a distinction among high bone loser (HBL)
and low bone loser (LBL) implants. Differences as a function of main variables were
also determined, particularly abutment height and periodontal disease.

Results: HBL implants lost at least 0.48 mm of MBL 6 months after loading; they
reached at least 2 mm of MBL 18 months after loading. MBL rate followed a non-
linear trend, except in implants restored over long prosthetic abutments and in
patients with history of severe periodontitis; in whom the rate of MBL over the time
was nearly zero.

Conclusion: Implants that lose more than 0.5 mm of marginal bone 6 months after

loading are at great risk of not being radiographically successful anymore. Therefore,

0.5 mm of MBL is proposed as a distinctive and objective criterion of success in
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What is known

1 | INTRODUCTION

Marginal bone loss is a multifactorial event happening around the
cervical area of dental implants. No matter what promotes it, marginal
bone loss can be considered as a key factor in the development of
peri-implantitis.> Although MBL does not always lead to peri-implanti-
tis, there is no peri-implantitis without the prior presence of MBL. The
presence or absence of MBL conditions the staging of the peri-
implant lesions. In fact, it is not possible to define peri-implantitis if no
bone loss is present around the implants.? This is true regardless of
any other clinical measurement, such as bleeding on probing (BOP),
suppuration or increased probing pocket depth (PPD). Those clinical
measures do not correlate with mean bone loss, and thus those mea-
sures do not stand alone for case definition.® According to the 2017
World Workshop on the Classification of Periodontal and Peri-Implant
Diseases and Conditions, the periodontal probe is an important tool
for the diagnosis of peri-implantitis, as it is in the diagnosis of peri-
odontitis. However, radiographic evaluation is the necessary element
for differentiating peri-implantitis from mucositis.

In fact, and although there are no current uniform criteria, the
definition of peri-implantitis implies “progressive loss of bone around
the implants”.* The Workgroup 4 from the 2017 World Workshop on
the Classification of Periodontal and Peri-Implant Diseases and
Conditions defines peri-implantitis as “a pathological condition occur-
ring in tissues around dental implants, characterized by inflammation
in the peri-implant mucosa and progressive loss of supporting bone”.2
However, it is surprising that, according to the positioning articles of
the same consensus, in the absence of previous radiographs and for
epidemiologic studies, peri-implantitis can be defined as a marginal
bone loss equal to or greater than three millimeters in the presence of
clinical signs such as PPD > 6 mm and BOP.>¢ This definition, in our
opinion, fails fundamentally in the concept of peri-implantitis itself.
Peri-implantitis, as a pathological entity, must be defined as any loss

of bone that occurs gradually after the post-implant placement bone

What this study adds
o |mplants that lose more than 0.5 mm of marginal bone 6 months after loading are at great

Implant Dentistry within a 6-month follow-up period. A prosthetic abutment height

>2 mm resulted the most protective factor in the peri-implant bone maintenance.

alveolar bone loss, dental implants, marginal bone loss, peri-implantitis, periodontitis, prosthetics

o Marginal bone loss is a key factor in the development of peri-implantitis.

e The level of bone loss that can be used to predict future loss is not properly defined.

risk of not being radiographically successful anymore.
o A value of 0.5 mm of marginal bone level at 6 months post-loading is a reference criterion to
differentiate between the physiological stability of the peri-implant bone and the possible

development of pathology.

remodeling, or after its functional loading, which also establishes an
interesting debate. By omitting the term “progressive loss”, important
diagnostic errors may arise. It would mean, for example, that all surviving
implants with more than 3 mm of MBL that suffer mucositis (a transitory
entity) would be classified as peri-implantitis. This will, thus, condition
their treatment. Even more, it could lead to the presentation of epidemi-
ological maps that are very far from reality, showing erroneous distribu-
tions of these entities in whole population groups. To reinforce its lack
of suitability, important leaders in the elaboration of this case-definition,
have recently published that this secondary case definition of peri-
implantitis suggested at the 2017 World Workshop Consensus on the
Classification of Periodontal and Peri-Implant Diseases and Conditions,
demonstrates a low sensitivity.”

The absence of bone around the neck of an implant can be
explained by different reasons. Among them, the most common is
physiological remodeling after surgery or prosthetic loading. This
remodeling could become pathological after the same events and lead
to peri-implantitis. However, it may also be due to improper surgical
placement of the implant, the use of one-piece implants, the tissue-
level design of some implants at different heights, or, after some com-
plex combined techniques, such as vertical bone augmentation (either
using the implant as a tenting abutment or due to reabsorption of the
biomaterial). In these situations, the final vertical position of the bone
is not at the neck of the implant. This can be stable and greater than
3 mm, but it should not be defined as peri-implantitis. Analyzing only
one radiograph, even in conjunction with peri-implant probing, may
lead to many false positives. Therefore, the importance of “progres-
sive bone loss” reinforces the need for at least two separate
radiographs during the time in order to consider the condition of
peri-implantitis.

Thus, the next question we need to answer is: how much progres-
sive bone loss is necessary to define that process as pathological or
peri-implantitis? Historically, implantology has defined three different

stages to classify an implant: success, survival, and failure. Many
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classifications have tried to establish a specific numerical value to
differentiate between success and survival. The search for consensus
has been ineffective. In some cases, the classifications are even con-
tradictory, and, for example, an implant can be considered in different
categories at the same time. For instance, if we take the criteria from
the Pisa Consensus, a Straumann 4 mm extra-short implant with two
millimeters of MBL, will be within the criteria for clinical success (hav-
ing lost no more than 2 mm), failure (having lost 50% of its length),
and survival (being maintained in function) at the same time.?

A great bias in our literature is that many studies with short,
medium, and long-term clinical follow-up report their results in terms
of survival. However, implants with pathology are sometimes not ade-
quately reported. Therefore, we do not know when those implants
are in palliative care, giving us an inadequate view of the success of
the implant treatment or of the concomitant surgical techniques to
maintain them. So, again, where should the red line be established to
distinguish between success or survival?

Derks and colleagues in 2016 presented a 9-year follow-up clini-
cal study in Swedish population. They reported how many implants
and patients were at different levels of MBL, from 0.5 to 4 mm.1°
Based on the 2017 definition of peri-implantitis, with this intentional
arbitrary staging done by the authors, most of the groups should have
been included in the term of physiological remodeling, or, at least, not
in the group of implants or patients with peri-implantitis. However,
using this same series of patients, in one of the posterior analyses
published also in 2016, these authors establish a limited amount of
bone loss to define disease or peri-implantitis: 0.5 mm.! In this sense,
1 year before, in 2015, our group reported that 97.5% of implants that
lost more than 0.44 mm up to the 6 months follow-up exceeded the
limit of 2 mm of bone loss after the first year of follow-up.® This
proves that those implants that we defined as “high bone losers™ early
on would not be in clinical success in the later follow-ups. This
occurred regardless of the cause of this loss, even if it was due to the
remodeling after loading because of the establishment of biological
width.'? If we extrapolate these ranges to the sample used by Derks
and colleagues,’® 45% of patients and 25% of implants would not be
classified as successful, even in such a highly selective population
because of their access to high quality public health. Consistently, this
work by Derks and colleagues and the successive studies reported by
that team analyzing the same population are of great interest to the
scientific community.”2%13-Y7 This Derks and colleagues' manuscript
was so transcendent in its publication that introduced an important
reflection in our field, verbalized in an editorial published by Gianno-
bile and Lang® entitled “Are Dental Implants a Panacea or Should We
Better Strive to Save Teeth?”, in which we were invited to a very seri-
ous reflection about the maintenance of the patient's teeth.

Nevertheless, the distinction between high and low bone loser
(HBL and LBL, respectively) implants that we introduced in 2015
could show some limitations, since we used a sample of implants with
different types of connection (conical internal and hexagonal external)
in patients rehabilitated only in the upper posterior maxilla.! The liter-
ature clearly indicates that external connection implants show more

bone loss than internal connection implants.*??* Also that internal

conical connections show less bone loss in vitro and in vivo compared
to any other type of connection?? or even clinically, less marginal
bone loss than other internal connection as internal hexagonal con-
nections.?® Therefore, we understand that it is necessary to update
the concepts of HBL and LBL, by extending the analysis to all bone
locations and analyzing only implants with conical internal connection,
because it is one of the safest connections in terms of bone preserva-
tion according to our current understanding of prevention of MBL.

So, the aim of this study was to establish an objective criterion in
terms of MBL to allow a better determination of prognosis of an
implant in the early and short-term, that helps us predict future peri-
implant pathology, and to know the role that different variables can
exert on it.

2 | MATERIALS AND METHODS

2.1 | Study population
This retrospective study was carried out on a sample of patients ran-
domly selected from those who received Osseospeed™ Astra Tech TX
implants in the practices of one of the faculties in the Department of
Oral Surgery and Implant Dentistry of the University of Granada,
Spain (487/CEIH/2018). This protocol was presented and approved
by the Ethics Committee for Human Research of our University. The
STROBE checklist has been followed to report our study.

To be included in this analysis, patients had to be older than
18 years, present either a Kennedy class | or Il edentulous section or
be totally edentulous at least in one of the dental arches, had
attended all the follow-ups visits and present panoramic radiographs
from, at least, each of the time points to be evaluated in this study
(loading, 6 and 18 months). Patients with records of any previous
medical condition, disease, or intake of medication known to alter
bone metabolism, previous radiotherapy in the oral area, nontreated
periodontal disease in the remaining teeth, or any type of disturbance
that may infer implant placement or sinus grafting when necessary
were excluded from the study.

2.2 | Surgical and restorative procedures

All surgeries were performed under local anesthesia procedure, by the
same oral surgeon (PG-M) and with the specificities described else-
where.2?* Alveolar preservation techniques or horizontal or vertical
crestal bone augmentation techniques were not performed in any of
the patients included in the study. Only maxillary sinus floor elevation
was conducted in those patients in need of it. All the implants used in
the surgical procedures reported in this study were OsseoSpeed™
Astra Tech TX implants with internal tapered conical connection (cur-
rently under Dentsply Implants, Mélndal, Sweden), of 3.5, 4.0, 4.5,
and 5 mm in diameter and 6, 9, 11, 13, and 15 mm in length. All the
implants were placed using a two-stage technique. The final surgical

position of each implant was prosthetically driven. Since we avoided
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any type of bone augmentation, except for maxillary sinus augmenta-
tion, when there was enough available bone, the implants were placed
following the ideal criteria proposed by Misch and Silic.2> After the
surgical procedures, medication was prescribed to all patients in the
following regimen: as antibiotic, a combination of amoxicillin and
clavulanic acid tablets (875/125 mg, TID for 7 days) or, if allergic to
penicillin, clindamycin tablets (300 mg, TID for 7 days); as anti-inflam-
matory, ibuprofen (600 mg every 4-6 h, as needed to a maximum of
3600 mg/day); and, finally, as analgesic, metamizole (550 mg, only if
needed in between the doses of ibuprofen). The sutures were
removed 7-10 days after the surgery. A wound healing follow-up pro-
gram was established every 2 weeks until complete wound healing.

The second surgical stage was carried out after 8 weeks, except
when maxillary sinus augmentation was performed, in which the second
surgery was delayed until 6 months after implant placement. Trans-
mucosal abutments were placed until the pertinent healing and epitheliali-
zation of the tissues were achieved. Then, impressions by opened trays
were taken, passive adjustment of the structure was verified, and, finally,
occlusal function was adjusted. All prostheses were screwed over straight
Lila or Aqua intermediate uni-abutments of 0, 0.5, 1, 2, 4, or 6 mm in
height (currently under Densply Implants). In all cases, prostheses were
delivered 4-6 weeks after the second surgery. According to the pros-
thetic plan, eight implants were placed in totally edentulous arches so that
the rehabilitation could be segmented into 3- or 4-unit bridges when pos-
sible. Partially dentate patients, 2-, 3-, or 4-unit fixed bridges were sup-
ported by two or three implants.

2.3 | Radiographic evaluation of MBL

Standardized digital panoramic radiographs (Instrumentarium 700 3D
module, Finland) were obtained throughout the different clinical phases
and for the corresponding follow-ups. For this study, and according to
the cut-off time-points established in previous studies,?* MBL was eval-
uated at (1) final restoration delivery (baseline), (2) 6 months after load-
ing and (3) 18 months after loading. Post-surgical radiographies were
not considered in the current study because it has been previously
determined that MBL mainly appears after prosthesis delivery.! Images
were exported in DICOM format and evaluated with the Image J soft-
ware (NIH, Bethesda, MD). Linear measurements in the distal and mesial
sides were obtained from the implant platform to the nearest supportive
crestal bone. A single calibrated and experienced examiner (MP-M)
conducted all the measures. Known implant length and diameter were
used to calibrate each individual measurement and correct most of the

possible magnification of each image.

24 | Additional data recorded

Patients' age at implant surgery, gender, smoking habits (positive or
negative), implant location (mandible or maxilla), and need of sinus
graft (grafted or pristine bone) were recorded. Information regarding

implants included position in the dental arch, length, and diameter.

Other main variables included in this study were as follows:
(1) Abutment height (0, 0.5, 1, 2, 4 or 6 mm). In order to analyze the
effects of the abutment height in the MBL, this variable was categorized
in (a) short abutment (SA) when the abutment was shorter than 2 mm
(i.e., 0, 0.5, and 1 mm) and (b) long abutment (LA) when the abutment
was 2 mm or taller (i.e., 2, 4, and 6 mm). The reason to discriminate in
these two categories was elsewhere related.?® (2) Type of prostheses.
Prosthetically, the sample was divided into two categories: (a) fixed par-
tial bridge, placed in partially edentulous patients with Kennedy class |
or lI; and (b) fixed full-arch implant-supported rehabilitation, in totally
edentulous patients. (3) Periodontal status/history. Three different cate-
gories were established, according to the classification that was estab-
lished at the time of initial clinical evaluation: (a) non-periodontal
patients; (b) patients with mild or moderate periodontal disease; and
(c) totally edentulous patients in whom all their teeth in the arch(s) were

extracted because of severe periodontal disease.

2.5 | Statistical analysis

Descriptive statistics was used to describe the sample. As mentioned
before, for these analyses, the abutment height variable was dichoto-
mized as short abutment and long abutment. We established two
main outcomes. Outcome 1: MBL as a function of all the other fac-
tors; Outcome 2: MBL as a function of type of prosthetic rehabilita-
tion. For the first outcome, a linear mixed model was used to analyze
mesial and distal MBL, with the patients as clusters and the implant as
unit of analysis”; abutment height, measurement time, graft, and peri-
odontal status were considered as factors, and age, gender, smoking
habits, implant location, implant length, and implant diameter as cov-
ariates. For the second outcome, Kennedy Class | and Class Il patients
were pooled together, and contrasted with those who were fully
edentulous at least in one arch. An autoregressive covariance matrix
was applied to minimize Schwarz's Bayesian information criteria.®
MBL was computed to clarify the interpretation. Rates for loading,
6 and 18 months were computed and the MBL divided by the time
elapsed from loading. Mesial/distal measures were averaged when
no interactions were observed with the remaining factors. The
Bonferroni correction was applied to account for the large number of
potential predictors, establishing a 0.05 significance level per compari-
son. The non-parametric receiver operating curves (ROC) were con-
structed for the MBL at 18 months to determine differences as a
function of abutment height and periodontal disease. Finally, the per-
centage of implants with success, survival, or failure was determined
for different criteria (0.5, 1, 2, 3, 4, or more mm) of MBL.

3 | RESULTS

The descriptive statistics of the sample are displayed in Table 1. There
were a total of 590 implants placed in 176 patients (87 women), with
a mean age of 54.48 (SE = 0.418, median = 53.5). A total of
122 implants were placed in 54 non-periodontal patients, 239 implants
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TABLE 1 Descriptive analysis of the socio-demographic variables
Variable N % p
Gender
Female 87 49.4 0.874
Male 89 50.6

Smoking
No 106 60.2 0.007
Yes 70 39.8

Periodontitis

No 54 30.7 0.516
Mild/moderate 96 54.5 0.001
Severe 26 14.8 0.001

Implant location

Maxilla 327 554 0.152
Mandible 263 44.6

Sinus graft
No 380 64.4 0.001
Yes 210 35.6

’ SA LA No Yes No Yes Mandible Maxilla PH M-PD S-PD

Abutment Graft Smoking Location Periodontitis
FIGURE 1 Marginal bone level as a function of the main variables

of the study. SA, short abutment; LA, long abutment; PH, periodontal
health; M-PD, mild/moderate periodontal disease;

S-PD, severe periodontal disease. Numbers within each column
indicate the number of implants

were placed in 96 patients with mild or moderate periodontal disease,
and 229 implants were placed in 26 edentulous patients with previous
history of severe periodontitis. The average number of implants per
patient was 2.26 for the nonperiodontal group, 2.39 for those with
mild and moderate periodontitis, and 8.81 for those with severe peri-
odontitis. The average level of MBL for each of the main variables is
presented in Figure 1.

The mixed linear model on mesial MBL yielded main effects
of abutment height (F[1,1043] = 36.988, p < 0.001), graft (F[1,637] =

TABLE 2 Marginal bone level at each time after loading
Time Site Mean SE LL UL
Loading Average 0.064 0.012 0.040 0.087
Mesial 0.056 0.011 0.034 0.080
Distal 0.072 0.013 0.046 0.098
6 months Average 0.322 0.022 0.279 0.366
Mesial 0.298 0.022 0.255 0.342
Distal 0.348 0.024 0.299 0.396
18 months Average 0.642 0.034 0.576 0.708
Mesial 0.603 0.034 0.537 0.669
Distal 0.679 0.037 0.607 0.751
16 4
=PH
14 =M-PD
-S-PD
1.2 4
£
g o8
§0v6
0.4 4
0.2 4
0 T T T T T 1
Loading 6 18 Loading 6 18
SA LA
FIGURE 2 Marginal bone level as a function of abutment height

(SA, short abutment; LA, long abutment), periodontal disease (PH,
periodontal health; M-PD, middle/moderate periodontal disease; S-
PD, severe periodontal disease) and time after loading (in months)

4.722, p = 0.03), periodontal disease (F[2,440] = 21.655, p < 0.001),
time (F[2,1237] = 146.982, p < 0.001), and the interactions of abut-
ment height by time (F[1,1261] = 21.704, p < 0.001), periodontal dis-
ease by time (F[4,1230] = 18.678, p < 0.001), and abutment height by
periodontal disease by time (F[4,1256]= 3.692, p = 0.005). The analy-
sis of the distal MBL vyielded the very same results: main effects of
abutment height (F[1,1015] = 58.542, p < 0.001), graft (F[1,653] =
5.263, p = 0.03), periodontal disease (F[2,459] = 22.086, p < 0.001),
time (F[2,1238] = 159.526, p < 0.001), and the interactions of abut-
ment height by time (F[2,1263] = 23.038, p < 0.001), periodontal dis-
ease by time (F[4,1230] = 20.994, p < 0.001), and abutment height
by periodontal disease by time (F[4,1258] = 3.777, p = 0.005). Thus,
the average of mesial and distal MBL was used for the following
analyses.

With the average MBL (Table 2), the mixed-linear model yielded
main effects of abutment height (F[1,1072] = 53.755, p < 0.001), graft
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(F[1,637] = 5.717, p = 0.02), periodontal disease (F[2,436] = 24.69,
p < 0.001), and time (F[2,1246] = 188.486, p < 0.001). There were also
effects of abutment height by time (F[1,1114] = 27.126, p < 0.001), peri-
odontal disease by time (F[1,1252] = 23.844, p < 0.001), and abutment
height by periodontal disease by time (F[4,1264] = 4.312, p = 0.002).
The detailed analysis of these effects showed that implants in grafted
areas (mean loss = 0.300 mm, SE = 0.040) lose significantly less bone
than those placed in pristine bone (mean loss = 0.417 mm, SE = 0.031);
that implants restored with SA (mean loss = 0.522 mm, SE = 0.041) lose
more bone than those with LA (mean loss = 0.195 mm, SE = 0.027); and
that, as expected, there is increased bone loss as time goes by (Table 2).
The main effect of periodontal disease was unexpected, as there was sig-
nificantly less MBL in severe (0.138 mm, SE = 0.056), than in no peri-
odontitis (0.364 mm, SE = 0.046) and mild or moderate periodontitis
(0.573 mm, SE = 0.033).

The effects of abutment height by periodontal disease by time
(Figure 2) showed that periodontal disease has a different impact on
MBL as time goes on depending on the abutment height. In fact, peri-
odontal disease has much more impact on implants restored with short

0.14 4
0.12 4 =PH
+M-PD
+S-PD
0.1 4
m
g
7 0.08
S
@
e
o
=
£0.06
20
&
2
0.04
0.02 4
0
Loading 6 18 Loading 6 18
SA LA

FIGURE 3 Rates of marginal bone level as a function of abutment
height (SA, short abutment; LA, long abutment), periodontal disease
(PH, periodontal health; M-PD, middle/moderate periodontal disease;
S-PD, severe periodontal disease) and time after loading (in months)

TABLE 3 Mean (standard error) of
the marginal bone level per abutment

height and type of prosthesis at each Abutment N
time point Short AH 185
20
Long AH 176
209

than long abutments, an impact that also increases at different rates.
The detailed analysis of this interaction is further clarified when MBL is
expressed as rate by month after loading. Figure 3 shows that the smal-
lest change in rate is produced in severe periodontal disease patients for
the long abutment, in which we can see that the rate remains all the
time around zero (no rate in fact differ from 0). The remaining ones
differ from zero, excepting those of severe periodontitis for short
abutment at 18 months after loading.

Regarding type of prosthesis, the same mixed linear model yielded
main effects of abutment height (F[1,1303] = 32.529, p < 0.001), graft
(F[1,1011] = 5.308, p = 0.02), smoking (F[1,307] = 5.20, p = 0.02), pros-
thesis (F[1,577] = 34.637, p < 0.001), and time (F[2,1260] = 91.095,
p < 0.001). Also, there were significant interactions of prosthesis by time
(F[2,1261] = 31.929, p < 0.001), and abutment height by prosthesis by
time (F[2,1280] = 6.137, p = 0.002; Table 3).

The analysis of the ROC curve (Figure 4) showed differences as a
function of abutment height (4%(1) = 9.44, p = 0.002), which implies
that the Youden criterion for classifying MBL at 18 months as a func-
tion of the MBL at 6 months is much higher for SA (1.39 mm) than for
LA (0.35 mm), with an average of 0.48 mm. The ROC curve as a

10 I —

0.8

Sensitivity
°
S

o4 — AUC SA = 0.81, p<0.001

— AUC LA = 0.92, p<0.001
AUC average = 0.89, p<0.001

0.2

0.0

0.0 0.2 0.4 0.8 1.0

06
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FIGURE 4 Receiver operating curves comparing the classification
of marginal bone level as a function of abutment height (less/more
than 2 mm)

Time
Prosthesis Loading 6 months 18 months
Partial 0.186 (0.038) 0.656 (0.039) 1.303 (0.038)
Complete 0.081 (0.119) 0.266 (0.128) 0.358 (0.121)
Partial 0.087 (0.041) 0.275 (0.042) 0.548 (0.041)
Complete 0.059 (0.045) 0.043 (0.045) 0.09 (0.045)
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— PH =086, p<0.001
— M-PD =0.90, p<0.001
S-PD = 0.93. p<0.001
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FIGURE 5 Receiver operating curves comparing the classification
of marginal bone level as a function of severity of periodontal disease
(PH, periodontal health; M-PD, middle/moderate periodontal disease;
S-PD, severe periodontal disease)

TABLE 4 Percentages of implants with different levels of MBL as
a function of abutment height category

MBL

<0.5 05<1 1<2 2<3 =3 N
Short abutment  20.00  65.85 11.71 146 0.98 205
Long abutment  77.66 19.74 208 0.52 0.00 385
Total 57.63 35.76 542 085 0.34 590

Abbreviation: MBL, marginal bone level.

function of severity of periodontal disease (Figure 5) did not reach
statistical significance (y%(1) = 3.64, p = 0.16).

Finally, the percentages of success/survival/failure for the two
different categories of abutment height (Table 4) showed that many
more implants remained fully successful (<0.5 mm) in the long than in
the short abutment category (p < 0.0001). Also, only 2.44% of the
implants with short abutments (5 out of 205) exceeded 2 mm of MBL,
while only 0.52% of the implants restored with long abutments (2 out
of 385) did so. Thus, only those can be considered survivors or failed,
according to the criteria of 22 mm of MBL as red line to define the

status of the implants.

4 | DISCUSSION

The definition of success in Implant Dentistry has evolved in recent
years, and has been revolutionized since 2017 World Workshop on
the Classification of Periodontal and Peri-Implant Diseases and Condi-

tions by the Characterization of Peri-implant Health.” It can read that

“healthy peri-implant tissues have become synonymous with implant
success”. This literally means that the clinical absence of erythema,
bleeding on probing, inflammation, and suppuration, without consider-
ing specific ranges of probing depth or clinical or radiological bone
loss, is currently synonymous with peri-implant health.??

In our opinion, this is much of a periodontal vision of the matter,
which detracts from much diagnostic and therapeutic potential to this
problem. For some authors, such as Papaspyridakos and colleagues,
assessing success should be related to at least four levels of integra-
tion related to implant level, peri-implant soft tissue, prosthesis, and
patient's subjective evaluation.*®

The most common etiology in the late implant loss is peri-
implantitis,®! being associated to almost 50% of the cases in several
studies.’® Beyond the clinical parameters proposed in the current def-
inition, marginal bone loss around implants ought to be the key
parameter in the peri-implantitis definition. Discerning between physi-
ological and pathological bone loss is of paramount importance in
Implant Dentistry, mainly because adequate peri-implantitis treatment
remains unclear. According to the results related in the present manu-
script, we agree with the criteria established by Derks and colleagues
in their studies.’®*! The results presented in this study support their
proposal, based on their clinical studies, and as a value of 0.5 mm of
MBL post-loading as a reference criterion to differentiate between
the physiological stability of the peri-implant bone and the possible
development of pathology. With this foundation, the 0.5 mm is nei-
ther an arbitrary number nor a mark for measurement error but a true
value according to the results presented here and previously.t

The Classification of Periodontal and Peri-Implant Diseases and
Conditions elaborate during a World Workshop in 2017 defined peri-
implantitis as presence of bleeding and/or suppuration on gentle
probing, increased probing depth compared to previous examinations
(characteristics shared with diagnosis of mucositis) and, differentially,
presence of bone loss beyond the level of changes in the crestal bone
that result from initial bone remodeling.> Thus, according to this defi-
nition that introduces the concept “level of changes in the crestal
bone”, at least two different radiographs separated on time might be
required. This is the essence of the diagnosis of peri-implantitis, radio-
logical analysis, because radiographic techniques prevail as the only
diagnostic tool capable of accurately verifying whether or not these
bone changes are occurring. In the absence of those two radiographs
separated on time, the clinical diagnosis of peri-implantitis ought to be
cautiously maintained or not considered.

Nevertheless, on the contrary, in the absence of such previous
radiographs, the aforementioned consensus established that peri-
implantitis could be defined as the presence of bleeding and/or sup-
puration on gentle probing, probing depths of 6 mm or more, and
bone level at 3 mm or more apically from the most coronal aspect of
the intraosseus part of the implant.® This definition was also recom-
mended to define peri-implantitis in epidemiological studies.
However, it is quite remarkable that in latter studies, the same authors
leading this classification and their colleagues have recently reported
that sensitivity of the case definition suggested by the 2017 World
Workshop of Periodontology (BoP/SoP > 1 site & bone level 23 mm &
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PPD = 6 mm) was low.” The mentioned study leaves in a very com-
promised situation the current case-definition proposed for epidemio-
logical studies. This is because according to those results, this low
sensitivity indicates a high inability to diagnose diseased implants, as
truly pathological. Moreover, the validity of the proposed clinical cri-
teria for the diagnosis of peri-implantitis is also in question, since they
also have reported that while blood on probing showed a high level of
sensitivity, the sensitivity of probing pocket depth was generally
low.32 But even more, bleeding on probing must be interpreted with
caution, as it may originate not only because of a true pathological
condition but also as a consequence of trauma upon the own maneu-
ver of probing.®*Thus, as mentioned earlier, many clinical situations
may lead to false positives with this definition, which introduces large
biases that may even affect how patients are treated. Even more, and
even if we use that definition for epidemiological studies and not for
clinical practice, the absence of sequential radiographic examination
can lead to nonrealistic statistics on the magnitude of the peri-
implantitis problem in a population because of errors in this case defi-
nitions. Therefore, it seems reasonable that at least two radiographs
are needed in the diagnosis of peri-implantitis.

To reinforce our proposition, we can also highlight that some of
the same authors who promoted 2017 consensus on peri-implantitis
definition, in their own clinical studies use other parameters to charac-
terize their study population. So, in 2016, in a study of high impact
about the prevalence of peri-implantitis in a Swedish population,
Derks and colleagues established the definition of peri-implantitis as
BOP/suppuration and detectable bone loss (>0.5 mm; exceeding the
measurement error). Implant sites presenting with BOP/suppuration
and bone loss >2 mm were considered as moderate/severe peri-
implantitis.1® Interestingly, these criteria have been maintained in
many other studies from the same group even after the definition of
the 2017 Consensus.”:10:11:14-17

Taking into consideration the related findings reported in all their
manuscripts using this same series, this distinguished group of
researchers in peri-implantitis used a combination of intraoral radio-
graphs (78.1% of implants) and panoramic radiographs (21.9% of
implants) for evaluating bone loss.1° It is even more interesting that to
define the onset and pattern of progression of peri-implantitis in their
population, the assessment was solely based on radiographic and not
clinical signs of progressive MBL.** In this same sense, it is important
to note that, although some studies associate clinical parameters to
the severity of peri-implant diseases,®* the meta-analytic evaluation
of more than 4000 patients treated with more than 9500 implants of
different brands and treatment protocols found no correlation
between mean probing depth and mean bleeding on probing with
mean MBL, which was also irrespective of follow-up.®

Based on the definition of peri-implantitis at 0.5 mm of radiogra-
phical bone loss, used by Derks and colleagues in 2016, in the ana-
lyzed Swedish population, with a really good dental and implantology
tradition, and a very good public health system, a 45% of patients and
24.9% of implants would have peri-implantitis; almost half the popula-
tion in their random sample would show peri-implantitis and one in

four implants.'® This led to an interesting wake-up call editorial about

the really high level of disease associated to the treatment with dental
implants.® Therefore, we must ask ourselves why to assume that
requirement (0.5 mm) and if we could not be more relaxed in the defi-
nition and adopt those 2 mm as the cut-off value described earlier to
define success or disease. Nevertheless, in the series of Swedish man-
uscripts, 2 mm of radiographical bone loss was defined by the authors
as moderate/severe peri-implantitis, and the numbers went down to
14.5% of patients and only 8% of implants with peri-implantitis, which
is less alarming. It is interesting that this radiographical level of 2 mm
of bone loss, strictly defined as moderate/severe peri-implantitis by
Derks and colleagues, is the cut-off value up to which success or sur-
vival can still be defined, according to most of the pre-established cri-
teria in the literature or previous consensus anterior to 2017 World
Workshop. Moreover, although a more relaxed parameter than those
0.5 mm of MBL is even stricter from the 3 mm defined in the 2017
World Workshop for epidemiological studies, if there were no
previous radiological data.

Therefore, according to our current results, again we support that
the criterion of 0.5 mm of MBL as a red line between the physiological
and the pathological is correct.° In a previous study, our group
already established that some implants had an aggressive initial peri-
implant bone loss so that, after a certain time, that implant would
hardly stop losing bone and would become non-successful in the fol-
lowing follow-up.? Those implants were defined as high bone losers:
when MBL was >0.44 mm at 6 months post-loading, they were much
more likely to have 22 mm of MBL at the 18 months follow-up. In
other words, 96.1% of implants with MBL of 22 mm at 18 months
had a 6 months value above the cutoff value (0.44 mm MBL). Moreover,
the OR for an implant with less than 0.44 mm of MBL at 6 months to
show an MBL <2 mm at 18 months was 25.66. Although that study pro-
vided very important data, in our opinion it had two important limita-
tions. (1) Both internal and external connection implants were analyzed.
The literature is currently consistent in that implants with external con-
nection lose more bone than implants with internal connection.}?2* (2)
Only implants in the posterior regions of the upper posterior maxilla
were analyzed. It is reported that the type of bone in which the implant
is placed, which varies in the different locations of the oral cavity, may
play a role in the MBL.%® In order to overcome those limitations, the pre-
sent study evaluated implants in all intraoral locations and of only one
micro and macro-design, that is, Osseospeed Astra Tech TX implants.
With these considerations, in the present work, high bone loser implants
are defined as those with an MBL >0.48 mm at 6 months post-loading, a
very similar results to our previous study.®

The mean MBL in our sample at the time of the prosthetic loading
was 0.064 + 0.012 mm, progressed to 0.322 + 0.022 mm at 6 months
post-loading and to 0.642 + 0.034 mm 1 year later, 18 months post-
loading. These data further support previous findings that established
that the MBL begins at the time of the disruption of the seal between
the implant and its cover screw. This is, it initiates in the second surgi-
cal stage, but it is not related to surgical events relative to the implant
placement.

In terms of the type of prosthesis that is connected to the

implant, Toia and colleagues clearly stated that, after 1 year of

85UB01 T SUOIWIOD BA11e81D) 3|qeotjdde 8y} Aq pauenob e Sepoie YO 8sN JO SajnJ 10} ARIq1T8UIUO AS]IAN UO (SUOTHIPUOD-PUE-SWUIB)/I0O™A8 | 1M ARe.d][Bu[U0//SdnL) SUOIPUOD PUe SWiB | 8U1 89S *[Z0z/TT/8T] Uo AkigiTauliuo A8|iM ‘(ouleAnge ) aqnopesy Aq ZZTET PO/TTTT OT/I0p/uoo 8| im Al ijeuluo//sdny woij pspeojumod ‘S ‘220z ‘8028802T



& | WILEY.

GALINDO-MORENO ET AL.

loading, implants supporting fixed partial dentures directly screwed
showed greater MBL and soft tissue inflammation than those implants
and screw retained fixed partial dentures with intermediate abut-
ments.3¢ Our study was carried out with restorations on multiple
implants; a direct connection between the prosthesis and the implant
was never done, so the use of multiunit abutments was mandatory.
As also found in previous studies by our group and others before and
after, the height of the intermediate transmucosal abutments was the
most important factor in the preservation of the peri-implant
bone.2¢%737 In the current study, those implants restored with abut-
ments shorter than 2 mm lost 0.522 + 0.041 mm of bone while those
restored with abutments higher than two lost only 0.195 + 0.027 mm.
We use 2 mm as a limit to categorize abutment heights following our
previous studies that demonstrate this mark as the important level.2%
Although other studies agree that short abutments induce higher loss
of bone, different limits are used to categorize abutment heights, but
completely arbitrary as admitted by the authors themselves.*°

According to the staging and success criteria proposed by Derks
and colleagues,® with the 0.5 mm limit, only 20% of the implants in
the current study restored with short abutment remained successful,
while 77.66% of implants restored with long abutment did not exceed
that limit after 18 months of occlusal function. On the other hand,
only 2.44% of the implants with short abutments exceeded 2 mm of
MBL, while only 0.52% of the implants restored with long abutments
did so. A recent meta-analysis estimated a prevalence of 12.8% of
implants exceeding 2 mm of MBL.#* The low numbers in our sample
can be due to multiple factors. Above all, the heterogeneity of the
implants included in the meta-analysis vs. the homogeneity of our
study. Finally, if the 2017 World Workshop criteria of 3 mm or more
of MBL is applied to our sample, only 1.19% of the implants could be
considered as suffering from peri-implantitis.

Our study also analyzed the influence of history of periodontal
disease, which has been classically defined as a predisposing factor for
the development of peri-implantitis.*?> There are many studies and
meta-analyses supporting the idea of a higher MBL associated to peri-
odontitis patients.>>* There are also many supporting just the con-
trary.#%444¢ There are some plausible explanations for both
affirmations. The current study shows surprising results regarding the
role that periodontitis plays in the MBL. Edentulous patients with a
history of severe periodontitis, that in fact led to having all the teeth
extracted because of it, showed the lowest rates of bone loss in the
entire series, and the lowest absolute values of MBL (0.138
+0.056 mm). However, patients with stable mild or moderate
periodontitis had their implants with greater bone loss (0.573
+0.033 mm) than those placed in periodontally healthy patients
(0.364 + 0.046 mm). It seems as if the severity of periodontal disease
would behave as a protective factor for implant MBL by conditioning
individualized clinical scenarios in which bone loss is reduced. In our
opinion, these results may be due to a number of factors. It is known
that, despite the extraction of all teeth in patients with severe peri-
odontitis, periodontopathogenic bacteria remain in the oral cavity in
specific reservoirs.*”*® Therefore, a patient's bacterial footprint does

not seem to disappear. However, edentulous patients do show a

reduction of the periodontopathogenic bacterial load because there
are fewer active niches as periodontal pockets disappear. Also, those
patients who lose teeth because of periodontal disease may change
their habits of oral hygiene and, if they are replaced with dental
implants, they become more aware of the importance of maintenance.
The biological and economic costs are truly known to them at that
point. In fact, it has been demonstrated that periodontal patients
trained with a systematic supportive periodontal therapy have signifi-
cantly reduced risk of suffering peri-implantitis.*’ On the other hand,
partially dentate patients with stable periodontitis would have a
higher bacterial load. However, this might not be the reason as recent
studies assert that implants adjacent to teeth in periodontal patients
do not show significant differences in terms of MBL compare to those
implants adjacent to teeth in periodontally healthy patients.’®>? In
addition, there are some differences between the biofilms developed
in teeth and implants, even they are adjacent to one another.>? Thus,
the differences in our groups of periodontal disease should be due to
other factors.

Of special interest in our study is the interaction between the his-
tory of periodontitis, the height of prosthetic abutment and time. As
shown in Figure 2, the MBL in absolute terms evolves over time, but it
follows different patterns in each group of periodontal disease, which is
clearly conditioned by the height of the abutment. This interaction
determines that even if classified in the same group of periodontal dis-
ease, those implants restored with short abutments lose much more
bone than those implants restored with long abutments. In contrast,
patients with a history severe periodontitis with implants restored with
long abutments, lose very few bone over time. These data highlight the
importance of prosthetic abutment over any other variable in the main-
tenance of bone around implants. This is even more evident when we
analyze the rate of progression of bone loss (Figure 3). The rate of MBL
is clearly not linear, as found in many other studies.’®>>* So, after an ini-
tial bone remodeling processes, the bone loss rate decreases consider-
ably, something that has been known since the dawn of implantology.>®
However, these rates are much lower in those implants restored with
long abutments. The rate of MBL in implants placed in patients with his-
tory of severe periodontitis restored with long abutments follows a
marked different trend from the rest of clinical situations: there is a con-
tinuous decrease. This is different from any previous pattern published
in the literature.'>>® We have to consider that in our study, there were
a high number of implants in this category, in which the MBL rate
always remained around zero.

Another relevant result in our study was the statistically signifi-
cant relationship for the interaction of abutment height by prosthesis
by time (p = 0.002), described in Table 3. The MBL in implants that
supported full-arch restorations was lower than that of partial fixed
bridges, including those supported by long abutments. Interestingly, in
fact, the combination of screw-retained implant-supported full-arch
restorations and long abutments did not show any MBL over time.

Classically, literature has reported highly satisfactory outcomes with
implant-supported fixed full-arch dental prostheses, independently of
the specific configuration used.’” The average bone loss associated to

this kind of restorations ranges from 0.7 mm>® to 2.65 + 1.34 mm.”’
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The problem is that the majority of the long-term clinical studies on
implant-supported fixed dental prostheses report their data in terms of
survival, but there is limited information on MBL. This may indicate that
most of those surviving implants are not truly successful, or even worse,
are associated with peri-implant pathology. Even more, to our knowl-
edge, there are no studies analyzing the role of abutment height on
long-term MBL around implants supporting full-arch rehabilitations.
However, there are some previous studies highlighting that a long abut-
ment is a preventive factor to avoid MBL around either cemented or
screw-retained implant-supported single crowns, fixed partial dentures
or overdentures 2426739536063 Erom our current results in terms of
type of prosthesis used, it can also be inferred that the height of the
prosthetic abutment could be an important key factor in the preserva-
tion of peri-implant bone regardless of the type of restoration.

One of the objectives of this study was to analyze if the type of
bone depending on implant location could affect the MBL around
implants. As in other studies,®® our results did not show significant differ-
ences neither in implants placed in the upper or lower jaw, nor in
implants placed in pristine bone versus grafted bone in the maxillary
sinus area. In some interactions of the mixed linear analysis, placing
implants in grafted bone turned out to be a protective factor for MBL.
These results contradict those published by our group in 2014.%¢ How-
ever, the population evaluated in that previous study clearly differs from
the one in the current analysis. In those studies, implants with internal
and external connection were analyzed. In this study, we only evaluated
internal conical connection implants. Secondly, in the previous sample
there were no severe periodontal patients, while in the current popula-
tion many implants had been placed in this kind of patients, which has
been already discussed. Third, in this study, many of the implants placed
in grafted bone were included in screw-retained implant-supported full-
arch dentures versus many partial bridges analyzed in the previous study.
As also discussed, with full-arch prosthesis, MBL was always lower. A
similar explanation can be attributed to the effect of tobacco consump-
tion. In some of the mixed linear model analyses, smoking showed a mar-
ginal effect in the MBL, but related to prosthetic restoration. No
interaction was found with any of the other significant variables. In the
main analysis, statistically significant differences were not found between
smokers and non-smokers (Figure 1). In previous studies, we related a

positive relationship between smoking and MBL around implants,®®¢”

as
many other authors.**%%%? Nevertheless, we were unable to corroborate
that relationship in the present study, surely due to differences in the
heterogeneity of the samples. In addition, other studies recently pub-
lished also failed to demonstrate this association.”®”*

This study has some possible limitations. First, it is a retrospective
study; therefore, some of the clinical variables could not be obtained,
being mainly a radiographical study. Many other relevant studies in
the literature suffer from this very same limitation. But as discussed
earlier, MBL, the distinctive factor between peri-implantitis and muco-
sitis can only be evaluated by imaging techniques. We must keep in
mind the low sensitivity shown by the previously discussed clinical
variables. Secondly, in this study, digitalized panoramic radiographies
were used, like most of the studies in our series on MBL. Although

some authors recommend periapical techniques to measure MBL,”?

due to their greater sensitivity, it is worth bearing in mind some fac-
tors that invite us to use panoramic radiographs in our studies. Peri-
apical radiographic techniques are, by definition, retro-alveolar
techniques. This can obviously only be used in clinical situations
where there is an alveolar ridge. In the analysis of one or two
implants it is feasible. However, in edentulous patients, with maxil-
lary atrophy, periapical techniques are frequently unfeasible because
the alveolar ridge usually does not exist. If carried out, they should
be done with the bisector technique, which in addition to distorting
the image, does not allow a proper reproducibility in the following
follow-ups. Panoramic radiographs are based on parallelism tech-
nigues, in which the image distortion is lower, and the position of the
maxilla is more reproducible over time. In addition, the literature also
endorses the use of panoramic radiographical tools. In fact, in the
Swedish study series initiated by Derks and colleagues, 20% of mea-
surements were made on panoramic radiographs.’® Moreover, more
recent studies conducted and published by others also use data from
panoramic radiographies to analyze MBL around implants.”?? It is

273 “intraoral radiogra-

remarkable that in the most recent consensus,
phies” are not required specifically, surely due to the important limita-
tions of the intraoral radiographies described above. In any case, in
the current study, all radiographical measurements were calibrated

with the known diameter and length of each analyzed implant.

5 | CONCLUSION

In our sample, the vast majority of implants that exceed 0.5 mm of
marginal bone loss 6 months after loading, do not demonstrate radio-
graphic success in the subsequent follow-up 12 months later. There-
fore, we propose a limit of 0.5 mm of radiographic marginal bone loss
as a distinctive criterion of dental implant success. Additionally, the
height of the prosthetic abutment is once again confirmed as the most
relevant factor in the preservation of peri-implant bone. A minimum
of 2 mm abutment height is recommended to get adequate protection
against peri-implant bone resorption.
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