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ABSTRACT
Purpose: To investigate the influence of vertical mucosal thickness on marginal bone loss around
implants with short and long prosthetic abutments and the marginal bone loss progression rate 
up to 18 months after prosthetic loading.
Materials and methods: Internal hex platform-switched implants were placed equicrestally using 
a two-stage protocol in the posterior mandible of two groups of patients with different vertical
mucosal thickness, thin (≤ 2.0 mm) and thick (> 2.0 mm). Elevated prosthetic abutments of dif-
ferent heights (1 mm or 3 mm) were randomly assigned for single screw-retained crowns in both 
groups. Mesial and distal marginal bone loss were measured at implant placement (T0) and crown
delivery (after 4 months [T1]), and after 6 (T2), 12 (T3) and 18 months (T4) of functional loading.
Results: Eighty implants were placed in eighty patients. Three patients dropped out at T2. At 
T4, 74 out of 77 implants were functioning, resulting in a 96% survival rate. Marginal bone 
loss (mean ± SE) at T2 was significantly greater in the 1-mm abutment groups (0.61 ± 0.09 mm
with thin mucosa; 0.64 ± 0.07 mm with thick mucosa) than in the 3-mm abutment groups 
(0.32 ± 0.07 mm with thin mucosa; 0.26 ± 0.04 mm with thick mucosa). The marginal bone
loss pattern over 18 months of loading showed that the greatest amount of marginal bone loss 
occurred during the first 6 months of function.
Conclusions: Internal hex platform-switched implants placed equicrestally and restored with 
1-mm abutments presented greater marginal bone loss than identical implants with 3-mm abut-
ments, with vertical mucosal thickness having no significant influence.
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Introduction

Early marginal bone loss (MBL) is a common and 
non-progressive phenomenon first described by 
Adell et al1. In the late 1980s and during the 1990s

it was accepted that less than 2 mm of MBL can be
expected in the first year after implant placement 
and that an average of 0.1 to 0.2 mm of MBL may
occur thereafter. It was also accepted that after the
first year, bone levels would remain remarkably 
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stable for years1,2. For this reason, the amount 
of bone loss around implant necks has long been
used as a criterion for defining long-term implant 
success2. However, a multifactorial aetiology has
been postulated for MBL, even though the bio-
logical mechanisms have not yet been completely
understood3-5.

Factors influencing early MBL include surgical
trauma, presence of an implant–abutment micro-
gap, supracrestal tissue height6 and implant neck 
characteristics. During the submerged healing 
period, an initial marginal bone remodelling pro-
cess of variable entity may occur as a consequence
of surgical trauma (i.e. excessive insertion torque
and/or bone overheating)3,4,7,8.

The implant–abutment interface position at 
bone crest level or below may determine greater 
peri-implant bone remodelling due to bacterial 
colonisation of the microgap9,10. The platform-
switching concept is based upon the use of a nar-
rower abutment and the resulting mismatch with
the implant neck diameter11. This determines a 
significant reduction of bone resorption as a con-
sequence of an increased distance between the 
bone crest and the area of inflammation pro-
duced by bacterial toxins in the implant–abutment 
microgap10.

Other factors related to implant neck design, 
such as use of microthreads and modifications to
implant surface characteristics, can influence peri-
implant bone loss12,13.

Moreover, supracrestal tissue height establish-
ment around implants has been shown to elicit 
peri-implant bone remodelling following abut-
ment connection14,15. It has recently been dem-
onstrated16-22 that less peri-implant MBL occurs if 
an elevated prosthetic abutment is used to allow 
supracrestal tissue height establishment around 
implants surrounded by both thin and thick mucosa, 
irrespective of vertical mucosal thickness23.

The pattern of peri-implant MBL over time has
been widely discussed in the literature. The major 
component of early MBL around implants placed
in a two-stage approach seems to occur after abut-
ment connection, increasing significantly up to 
6 months after prosthetic loading before stabilis-
ing23,24. On the other hand, MBL around implants 

placed in a one-stage approach showed the most 
significant changes within the first 3 months of 
healing before loading25,26.

Galindo-Moreno et al24 showed that MBL 
greater than 0.44 mm after 6 months of loading
reveals the likelihood of a loss of more than 2 mm
at the 18-month follow-up. These findings are 
in agreement with a recent prospective study27

which demonstrated that the variation in MBL in 
the first month significantly influenced 12-month
MBL values and is a predictor for bone alterations
occurring after 1 year of treatment.

The aim of this prospective study was to ana-
lyse MBL progression rates at four different time
points (4 months after implant placement and 6,
12 and 18 months after implant loading) and to
investigate the influence of peri-implant vertical
mucosal thickness on MBL around internal hex
platform-switched implants when using either 
short or long abutments for prosthetic restoration.

Materials and methods

Experimental design

This multicentre randomised controlled trial was 
reported following the Consolidated Standards of 
Reporting Trials (CONSORT) guidelines (http://
www.consort-statement.org). All procedures were 
in full accordance with the principles outlined in
the Good Clinical Practice Directive (Directive 
2005/28/EC) stating that all ethical principles of
the 2008 WMA Helsinki Declaration28 must be 
adhered to in clinical research involving human sub-
jects. The study protocol was approved by the rele-
vant Ethical Committee (Regione Calabria, Sezione 
Area Nord, No. 67/2016), and was recorded on a 
public register of clinical trials (www.clinicaltrials.
gov, NCT03229005). 

The clinical data were collected and evaluated 
by trained and experienced examiners (CS, SS, FB,
TL, DZ), who participated in a calibration meeting 
prior to the start of the study, in order to standard-
ise assessment of study variables and data acquisi-
tion. The data were recorded on a specific case 
report form.
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All patients signed an informed consent form
in which all procedures of the study were detailed, 
and consented to use of their personal data for 
research purposes.

Patient selection

This randomised prospective study is based on
data from a set of patients, some of whom were
included in a previously published 12-month clin-
ical trial23.

All patients were selected consecutively from a 
pool and treated in two private practices by two
experienced surgeons (CS and SS). The patients 
were partially edentulous and required placement of
at least one single implant in the pristine bone in the
posterior mandible. In the case of multiple implants,
only the most mesial implant was evaluated such
that each patient provided only one implant. All
single-unit prosthetic crowns were delivered. 

The local inclusion criteria were as follows:
• presence of keratinised mucosa with a min-

imum buccolingual width of 3 mm;
• bone crest with at least 6 mm of width and 

9 mm of height above the mandibular canal,
without concomitant or previous bone aug-
mentation procedures;

• presence of opposing dentition.

The additional inclusion criteria were as follows:
• age > 18 years;
• good general health;
• non-smoker;
• absence of disease affecting bone metabolism 

and wound healing;
• no regular medication consumption for at least 

3 months prior to treatment.

The exclusion criteria were as follows:
• untreated periodontitis;
• poor oral hygiene and motivation (full mouth

plaque score [FMPS] > 25%);
• lack of implant primary stability;
• active infection;
• uncontrolled diabetes (glycated haemoglo-

bin ≥ 8%);
• history of head or neck radiation therapy;

• present or past treatment with antiresorptives;
• pregnancy or lactation at any time during the

study.

Before implant placement, all patients received oral
hygiene instruction and were treated with non-
surgical periodontal therapy where necessary. 
Prior to surgery, CBCT was performed to evaluate
crestal bone dimensions.

Surgical and restorative procedures

All patients were treated according to the follow-
ing protocol. After administration of 4% articaine
solution with adrenaline 1:100,000 (Artin, Omnia,
Fidenza, Italy), a mid-crestal incision was made
in the centre of the edentulous bone crest. A 
full-thickness flap was elevated in two phases as
described elsewhere29: after buccal flap elevation, 
a periodontal probe (15 mm, PCP-UNC15; Hu-
Friedy, Chicago, IL, USA) was used in the centre
of the future implant site to measure the mucosal 
thickness of the unseparated lingual flap, then the
lingual flap was opened, exposing the alveolar 
crest. The implant location was subsequently 
marked with a small-diameter pilot drill using a 
prefabricated surgical guide.

A two-stage protocol was adopted according 
to the manufacturer’s recommendations. When 
necessary, a piezoelectric tip (OP3, Piezosurgery 
Touch, Mectron, Carasco, Italy) was utilised to level 
the bone crest before implant site preparation for 
ideal equicrestal implant placement. The site was 
prepared to permit insertion of 1-mm machined-
collar internal hex platform-switched implants 
(Shape1BC, I-RES, Lugano, Switzerland) at crestal 
level. Owing to crest width, all implants were 
3.75 mm in diameter and operators selected appro-
priate implant lengths (8, 10, 11.5 mm) according 
to available bone crest height. All implants were 
submerged and flaps were sutured. Patients were 
prescribed with antibiotics (amoxicillin 1 g twice a 
day) for 6 days, and nonsteroidal anti-inflammatory 
drugs (ibuprofen 600 mg) when needed. Sutures 
were removed 12 to 14 days after surgery. Patients 
were instructed not to utilise removable prostheses 
during the healing period.
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Stage-two surgery was carried out after 
3 months of submerged healing. A mid-crestal 
incision was performed and measurement of verti-
cal mucosal thickness was repeated with the previ-
ously described modalities. A 3-mm height healing 
abutment was used in all implants.

Final impressions were taken 3 weeks after 
stage-two surgery. The prosthetic framework was 
bonded to a prefabricated titanium abutment (of
either 1 or 3 mm, randomly assigned) and, after 
functional and aesthetic try-in, a single-unit screw-
retained metal ceramic crown was delivered. 

The fixation screw was torqued to 30 Ncm fol-
lowing the manufacturer’s guidelines. Screw access 
was then closed using light-cured composite resin.

Patients received individual oral hygiene instruc-
tions and were recalled every 6 months (or less, if
necessary) to ensure that periodontal health was 
maintained throughout the entire study period.

Treatment allocation

Based upon vertical mucosal thickness measured
at implant placement (Fig 1) and confirmed at 
stage-two surgery, patients were first clustered 
in two groups: group A, the thin mucosa group 
(≤ 2.0 mm), and group B, the thick mucosa group 
(> 2.0 mm)30. Vertical mucosal thickness was
measured at stage-one and stage-two surgery by
the same experienced operator who placed the im-
plant (CS or SS). The mean of three measurements

performed to the nearest 0.5 mm was recorded for 
each surgical site.

To assign abutment heights of either 1 mm or 
3 mm for each implant, patients were allocated
using two randomisation lists generated by a ran-
domisation plan generator (www.randomization.
com), one for group A (thin mucosa) and one for 
group B (thick mucosa).

Patients’ assignment to the different groups
was enclosed in identical, opaque, sealed enve-
lopes which were opened after the final impression
had been taken, revealing which treatment was to 
be performed to the clinician. Therefore, treatment 
allocation was concealed from the investigators
responsible for enrolling and treating the patients.

Radiographic measurements

Digital radiographs, customised for each patient 
with a bite jig, were taken using a long cone paral-
leling technique with a Rinn-type film holder at the 
time of implant placement (baseline), at prosthetic
crown delivery (4 months after implant place-
ment), and after 6, 12 and 18 months of prosthetic 
loading. All radiographs were performed using the 
same x-ray generator technology (FOCUS, KaVo,
Biberach, Germany), set with the same parameters
(60 kV, 7 mA).

Marginal bone level was calculated on each 
radiograph as the linear measurement of the 
distance between two points, the most coronal 
point of the implant platform and the most cor-
onal bone-to-implant contact, corrected referring
to the known height and diameter of each implant 
(Fig 2). The vertical distance between the most 
coronal point of the implant platform and the most 
coronal bone-to-implant contact was measured on 
the mesial and distal aspects of the implant at:
• T0, implant placement;
• T1, prosthesis delivery (4 months after T0);
• T2, 6 months of prosthetic loading;
• T3, 12 months of prosthetic loading;
• T4, 18 months of prosthetic loading.

Mesial (mMBL) and distal (dMBL) MBL were cal-
culated as bone changes between T0, T1, T2, T3
and T4. Therefore, an increase in vertical distance

Figs 1a-b  Images showing the vertical mucosal thickness measurement at implant 
placement of a patient in (a) group A (thin mucosa, ≤ 2.0 mm) and (b) group B (thick
mucosa, > 2.0 mm).

a b
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between the implant platform reference point 
and the crestal bone (the most coronal bone-to-
implant contact) was considered indicative of bone
loss, whilst a decrease in distance was considered
indicative of bone gain.

The bone loss pattern during the four periods
(T0–T1; T1–T2; T2–T3; T3–T4) was evaluated by
calculating the monthly differential MBL (mdMBL)
using the equation mdMBLx = (MBLx – MBLx−1)/
(x – x−1) [MBL at time x minus MBL at time x−1,
divided by months elapsed between time x and 
time x−1, with 4 months ≤ x ≤ 22 months].

Radiographs demonstrating any deformation,
darkness and/or other problem were immediately 
repeated. All radiographic measurements were
made by a single calibrated examiner blinded to
mucosal thickness (FB), using a 30-inch LED-backlit 

colour diagnostic display with Kodak Dental Im-
aging Software (Kodak, Eastman Kodak, Rochester, 
NY, USA). Each measurement was repeated three 
times at three different time points, as proposed by
Gomez-Roman and Launer31. Examiner calibration 
was performed by assessing ten radiographs, with
a different author (TL) serving as reference exam-
iner. Intra-examiner and inter-examiner concord-
ances were 96.1% and 90.4%, respectively, for 
linear measurements within ± 0.1 mm.

Statistical analysis

Based upon data published in previous studies16,30, 
the sample size of this study was computed using
Primer of Biostatistics (6th ed) software32. Con-
sidering two group comparisons, a sample of 12

Figs 2a-d Radiographs at baseline (a and c) and 18 months after prosthetic loading (22 months after implant placement)
(b and d), showing implants with short (1-mm) (a and b) and long (3-mm) abutments (c and d). (Note the bite jig in the 
upper part of each image.)

a b

c d
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patients for each treatment group was required to
detect significant differences (confidence level 5%
with statistical power of 80%), with an expected
difference in MBL of 0.3 mm (± 0.25 mm).

Statistical analysis of radiographic measure-
ments was performed using Primer of Biostatistics
(6th ed) software32. The patient was considered 
the statistical unit (one implant per patient). Intra-
and intergroup comparisons were carried out using
the one-way analysis of variance (ANOVA) test.

Differences in patient age, gender, MBL and
mdMBL in ANOVA comparisons were considered
marginally significant for P ≤ 0.1, significant for 
P ≤ 0.05 and highly significant for P ≤ 0.01.

Results

A total of 80 consecutive selected patients were 
enrolled and treated in two clinical centres. In 
all 80 patients, vertical mucosal thickness was
measured at stage-one surgery and rechecked at 
stage-two surgery (37 patients with thin mucosa,
group A; 43 patients with thick mucosa, group B).

At T2, three patients dropped out (one 
patient died and two patients moved abroad). 
Two implants failed to osseointegrate at T1 and 
another implant failed due to peri-implantitis after 
16 months of loading, thus 74 implants were func-
tioning satisfactorily at T4 (Table 1), resulting in a 
96.1% implant survival rate. Seventy-four patients
(36 male, 38 female, mean age ± standard deviation 
51.1 ± 1.38 years, range 26 to 70) were included in 
the final analysis. No significant differences were 
demonstrated among the four subgroups for age 
or gender (P > 0.05) after ANOVA.

Primary wound closure was achieved in all 
surgeries and no complications or adverse effects 

were recorded during follow-up. All 74 implants, 
3.75 mm in diameter, placed in 74 patients 
(Table 1) functioned satisfactorily at T2, T3 and T4.

At stage-one surgery, the vertical mucosal 
thickness (mean ± SE) was ≤ 2 mm in 32 patients
(1.58 ± 0.06 mm, group A) and > 2 mm in 
42 patients (3.74 ± 0.15 mm, group B). At stage-
two surgery, the vertical mucosal thickness was 
1.48 ± 0.07 mm in group A and 3.46 ± 0.15 mm in 
group B. The differences in vertical mucosal thick-
ness between the first and the second measure-
ment were not statistically significant (group A,
P = 0.309; group B, P = 0.201).

Of the 74 patients, 38 (subgroup 1) received 
a 1-mm abutment and 36 (subgroup 3) received 
a 3-mm abutment. In subgroup 1, 16 patients 
(group A1) had thin mucosa (1.53 ± 0.10 mm) 
whereas 22 (group B1) had thick mucosa 
(3.70 ± 0.20 mm). In subgroup 3, 16 patients 
(group A3) had thin mucosa (1.63 ± 0.08 mm) and 
20 (group B3) had thick mucosa (3.78 ± 0.22 mm).

Radiographic measurements

In one-third of patients, a very small MBL was 
detected before prosthesis delivery (T0–T1), but 
mean MBL did not differ among the four groups. 
Intragroup comparisons showed that the greatest 
amount of MBL occurred between T1 and T2 in all
four groups, reaching statistical significance. At the 
following observation periods (T2–T3 and T3–T4),
average MBL values tended to stabilise in all four 
groups, showing a minimal increase without stat-
istical significance when compared to T2 (Fig 3).

Intergroup comparisons highlighted that 
at T2, the average MBL in the short abutment 
groups (0.61 ± 0.09 mm with thin mucosa; 
0.64 ± 0.07 mm with thick mucosa) was 

Table 1 Position (according to FDI notation) and length of 3.75-mm diameter implants placed in the 74 patients involved in 
the study

Implant length 
(mm)

No. of implants Position

34 35 36 44 45 46

8 14 1 2 1 4 3 3

10 53 5 5 16 8 2 17

11.5 7 0 0 3 1 2 1
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signifi cantly greater than in the long abutment 
groups (0.32 ± 0.07 mm with thin mucosa; 
0.26 ± 0.04 mm with thick mucosa; Table 2). 
When using the same abutment height (1 or 
3 mm), no significant differences were observed 
between the thin and thick mucosa groups at any 
time points. Complete data are listed in Table 2.

The analysis of monthly differential MBL 
(mdMBL) confirmed this pattern. mdMBL increased 
from T1 to T2, and subsequently reduced greatly 
up to T4 in all four groups (Fig 4). Similarly to 
MBL, intragroup comparisons showed that the 
average mdMBL was significantly greater in both 
short and long abutment groups during T1–T2 
than in all the other time intervals. No significant 

differences were observed between the mdMBL 
for the short (range 0.006 to 0.016 mm/month) 
and long (range 0.004 to 0.013 mm/month) abut-
ment groups during T0–T1 and T3–T4. Intragroup 
comparisons showed that during T1–T2, the aver-
age mdMBL (Table 3) for both short abutment 
groups (0.084 mm/month with thin mucosa; 
0.082 mm/month with thick mucosa) was sig-
nificantly greater than the average mdMBL for 
the long abutment groups (0.034 mm/month 
with thin mucosa; 0.024 mm/month with thick 
mucosa). When using the same abutment height 
(1 or 3 mm), no significant differences were dem-
onstrated between the thin and thick mucosa 
groups at any time point.

Fig 3 MBL, expressed in mm (mean ± SE), in group A (thin 
mucosa, ≤ 2.0 mm) and group B (thick mucosa, > 2.0 mm) 
with 1-mm and 3-mm abutments, at the four evaluation 
time points. Note how MBL increased from T1 to T4 in all 
four groups, but to a greater extent in A1/B1 than in A3/B3.
Also note how, particularly with the 3-mm abutments, MBL 
was slightly greater in group A. (T1, 4 months from implant 
placement; T2, after 6 months of functional loading; T3, 
after 12 months of functional loading; T4, after 18 months of 
functional loading.)

Fig 4 mdMBL, expressed in mm/month (mean ± SE), in 
group A (thin mucosa, ≤ 2.0 mm) and group B (thick muco-
sa, > 2.0 mm), with 1-mm and 3-mm abutments, at the four 
evaluation time points. Note how mdMBL increased from T1 
to T2, and subsequently reduced greatly up to T4 in all four 
groups, but with greater values in A1/B1. Also note how, 
particularly at T1 and T2 for the 3-mm abutments, mdMBL 
was greater in group A.

Table 2 MBL, expressed in mm, in group A (thin mucosa, ≤ 2.0 mm) and group B (thick mucosa, > 2.0 mm) with 1-mm and 
3-mm abutments, at the four evaluation time points

Group No. of 
implants

T1 P T2 P T3 P T4

MBL MBL MBL MBL

A1 16 0.10 ± 0.03 < 0.01 0.61 ± 0.09 0.60 0.70 ± 0.11 0.72 0.74 ± 0.12

A3 16 0.12 ± 0.04 < 0.05 0.32 ± 0.07 0.66 0.37 ± 0.08 0.83 0.39 ± 0.08

B1 22 0.15 ± 0.03 < 0.01 0.64 ± 0.07 0.52 0.71 ± 0.09 0.76 0.75 ± 0.09

B3 20 0.12 ± 0.03 < 0.01 0.26 ± 0.04 0.36 0.32 ± 0.05 0.72 0.34 ± 0.05

T1, prosthesis delivery; T2, 6 months of loading; T3, 12 months of loading; T4, 18 months of loading. 

Values, mean ± standard error; P, probability after ANOVA test.

Group A

Group B

1 mm

3 mm

0.8

0.6

0.4

0.2

0

0.4

0.2

0

mm

T1 T2 T3 T4

Group A

Group B

1 mm

3 mm

0.08

0.06

0.04

0.02

0

0.02

0

mmm/m

T1 T2 T3 T4
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Discussion

In the present clinical trial, MBL was investigated 
at four time points:
• initial post-surgical period of 4 months from im-

plant placement to prosthetic delivery (T0–T1);
• first 6-month period of prosthetic loading (T1–

T2);
• second 6-month period of prosthetic loading 

(T2–T3);
• third 6-month period of prosthetic loading (T3–

T4).

MBL increased across all four time points but at 
very different rates. The average MBL during the
first period (T0–T1) did not differ between the four 
groups (A1 and A3, thin mucosa; B1 and B3, thick 
mucosa). Bone loss before loading was limited but 
noteworthy, as recently described elsewhere27. The 
greatest amount of bone loss was recorded dur-
ing the first 6 months of loading (T1–T2), but the
3-mm abutments preserved peri-implant crestal 
bone more successfully than 1-mm abutments. 
MBL during the second 6 months of loading (T2–
T3) was more limited, with values similar to T0–T1, 
in close agreement with previous studies23,24,33.
The bone loss in all four groups was even lower 
during T3–T4, with average values less than those
recorded during both T0–T1 and T2–T3.

The bone loss rate (calculated as mdMBL)
recorded during T0–T1 was very small (slightly
greater than 0.01 mm/month) and almost identi-
cal in all four groups. Early bone loss may occur 
during the submerged healing period and may be
ascribed to the surgical trauma of implant site prep-
aration3,4,7 and subsequent implant insertion3,4,8.

Additionally, stage-two surgery and the two heal-
ing abutment disconnections/connections per-
formed between the third and fourth month after 
implant placement for prosthetic reasons (impres-
sion taking and subsequent try-in of the crown) 
could also have negatively affected early crestal
bone remodelling4,34. This limited but nonethe-
less significant bone loss before implant loading
was present in one-third of patients, irrespective
of vertical mucosal thickness.

Early bone loss could be considered a predic-
tor of bone alteration over time, as suggested in
a recent prospective study27. More specifically, in 
another article24, MBL > 0.44 mm at 6 months
proved to be an indicator of bone loss progres-
sion over time. In fact, 97% of these implants
showed MBL > 2 mm after 18 months. Therefore,
it may be stated that even a limited amount of 
peri-implant MBL (≈ 0.5 mm) has real and predic-
tive clinical significance. In the present study, the
mean MBL at 6 months (T2) was ≈ 0.6 mm (range
0.61 to 0.64 mm) in the 1-mm abutment groups,
and ≈ 0.3 mm (range 0.26 to 0.32 mm) in the
3-mm abutment groups. Bone loss during T1–T2
could have been caused primarily by supracrestal 
tissue height establishment around the implant 
neck requiring a vertical space greater than 2 mm
above the peri-implant crest16,20,35,36. During T2–
T3, the low bone loss rate was similar to T0–T1,
and this can probably be ascribed to bone’s adap-
tive response to loading. During T3–T4, the bone 
loss rate dropped to minimum values. Structural 
peri-implant bone resorption could be considered 
to have almost concluded and this small amount 
of bone loss could therefore be ascribed to residual
bone remodelling in some patients.

Table 3 mdMBL, expressed in mm/month, in group A (thin mucosa, ≤ 2.0 mm) and group B (thick mucosa, > 2.0 mm) with 
1-mm and 3-mm abutments, at the four evaluation time points

Group No. of implants T1 T2 T3 T4

A1 16 0.014 ± 0.003 0.084 ± 0.011 0.016 ± 0.005 0.007 ± 0.0016

A3 16 0.013 ± 0.006 0.034 ± 0.006 0.008 ± 0.002 0.004 ± 0.0006

B1 22 0.014 ± 0.004 0.082 ± 0.008 0.013 ± 0.005 0.006 ± 0.0008

B3 20 0.007± 0.004 0.024 ± 0.004 0.009 ± 0.002 0.004 ± 0.0010

T1, prosthesis delivery; T2, 6 months of loading; T3, 12 months of loading; T4, 18 months of loading. 

Values, mean ± standard error.
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The differences recorded in mdMBL between 
the two groups of abutments (1 mm and 3 mm) 
were highly significant during T1–T2, and suggest 
that only abutments longer than 2 mm could pre-
vent significant MBL. Mucosal thickness had almost 
no relevance, probably due to its very small or neg-
ligible effect on mdMBL when compared with the
effect on bone resorption of short abutments during
the establishment of supracrestal tissue height. 

In order to explain the different bone behav-
iour in the presence of short and long abutments, 
some considerations are required. Supracrestal tis-
sue height is the vertical space necessary for the
establishment of a mucosal barrier around implants 
to protect underlying tissue15,16. In recent human 
histological studies37,38, supracrestal tissue height 
measured around two-piece implants varied from
3.26 mm to 3.6 mm, which represents the min-
imum space required for the ideal protective seal.
When there is insufficient vertical space for supra-
crestal tissue height establishment, as is the case in 
the presence of a 1-mm abutment, marginal bone
resorption inevitably occurs irrespective of vertical
mucosal thickness23. 

The present outcomes partially agree with pre-
vious studies, which demonstrated significantly
greater bone loss in thin mucosa (< 2 mm)15,29,30,36.
In these latter investigations, however, different 
prosthetic abutment designs were utilised. Speci-
fically, Berglundh and Lindhe15, in an animal model, 
applied healing abutments only, whilst Linkevicius
et al29,30,36 restored their implants using a conven-
tional prosthetic abutment design, adapting height 
to the site-specific characteristics of the soft tissue.

Conversely, in the present clinical trial per-
formed to evaluate the simultaneous effect of
abutment height and mucosal thickness on peri-
implant bone loss, mucosal thickness seemed to
play only a marginal role in MBL compared with
that played by abutment height. In other words,
slightly greater bone loss was recorded in thin
mucosa when compared with thick mucosa only
when long abutments were used. In groups A1 and
B1, the strong negative influence of short abut-
ments on bone remodelling, as occurring irrespec-
tive of mucosal thickness, masked the potential
effects of vertical soft tissue.

The present authors’ outcomes strongly agree
with retrospective16-20 and prospective21,23,33,39

studies and with a recent systematic review22 that 
demonstrates the significant influence of abut-
ment height on MBL. Use of a short abutment 
inevitably leads to a prosthetic restoration with a 
wide emergence angle, whose correlations with 
increased marginal bone resorption and occur-
rence of peri-implantitis have been demonstrated 
in a recent study40.

However, early MBL can be influenced not 
only by supracrestal tissue height establishment,
but also by the inflammatory process elicited 
by bacteria present in the implant–abutment 
microgap9-11. The presence of the microgap at 
the crestal level could have negatively affected 
peri-implant bone stability, even if the use of 
platform-switched internal connections should 
have reduced this problem. Moreover, it should 
be noted that this effect was common to all four 
groups analysed in the present study, thus limit-
ing its significance as potential confounding fac-
tor. Furthermore, in the present study a second 
microgap could be identified at the prosthesis–
abutment junction, since an elevated prosthetic 
abutment with a luted crown was utilised. This 
prosthetic solution has been demonstrated to 
give no clinical disadvantage, and a minimal luting 
gap between the two components is desirable to 
improve soft tissue adaptation41. A recent study42

showed that marginal and internal adaptation of 
two-piece luted prostheses after central and/or 
local manufacturing provides a highly precise fit, 
comparable with the high-quality standards of 
CAD/CAM implant-supported prostheses.

A partially unexpected finding of the pre-
sent study was the slight decrease in vertical 
mucosal thickness between stage-one and stage-
two surgery. This very limited reduction can be 
explained by soft tissue contraction following sur-
gical trauma. Based on this change, it is possible
to speculate that peri-implant mucosal thickness
could be unstable over time. Further investigations
with longer follow-ups and more measurements
over time are required. 

The present study and several previous 
investigations21,23,29,30,32,36,39 do not consider 
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medium-thickness mucosa as a separate group,
as recently proposed in the literature43. There-
fore, further studies should investigate not only
the effect of thin and thick mucosa, but also the 
eventual effect of medium-thickness mucosa on 
crestal bone loss.

A limitation of the present study is the fact that 
assessment of MBL only referred to the mesial 
and distal aspects of each implant, thus excluding 
mid-facial and mid-lingual measurements. There-
fore, the present outcomes are not representative 
of 3D  bone remodelling, but analyse only its “bi-
dimensional” mesial and distal aspect.

Furthermore, the influence of other confound-
ing factors such as smoking, oral hygiene and peri-
odontal disease was not investigated in this pre-
sent 18-month study and may affect longer-term 
peri-implant bone loss, as reported elsewhere44.

Conclusions

The pattern of MBL over time revealed that the
greatest amount of peri-implant bone resorption 
occurs in the first 6 months after prosthetic load-
ing. After this time, peri-implant bone levels tend 
to stabilise, and no further significant modifica-
tions were recorded up to 18 months of pros-
thetic loading. The results of the present investi-
gation showed that platform-switched implants 
with internal connection placed equicrestally 
and restored with short abutments (1 mm) pre-
sented greater MBL than identical implants with 
long abutments (3 mm), and that peri-implant 
mucosal thickness plays only a very limited role
in MBL compared with that played by abutment 
height.

The outcomes of this randomised clinical trial
require confirmation by further studies conducted
in different areas of the mouth and with a larger 
sample size.
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