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Abstract
Objectives To assess whether implant macrodesign parameters interacting with implant time in function (Tf) could influ-
ence the peri-implantitis occurrence.
Materials and methods One hundred and two patients (55.17 ± 11.2 years old) with diagnosed early/moderate peri-implantitis 
around endosseous implants with implant-supported prosthetics reconstruction (n = 139) were recruited. Implant macrodesign 
(implant shape, thread number, implant collar), clinical parameters (peri-implant probing depth (PPD), clinical attachment 
level (CAL), keratinised tissue width (KTW), plaque index, bleeding on probe), implant placement localisation and region, 
and Tf were assessed and compared.
Results Peri-implantitis occurred approximately 6.1 ± 3.38 years after implant loading. There was a significant positive 
correlation between the implant macrodesign and Tf. Peri-implantitis rates were statistically significantly higher in implants 
with a cylindric shape and triple-thread in the posterior part of the mandible (p = 0.037 and 0.012, respectively). The thread 
number and implant shape interacting with Tf showed statistically significant influences on CAL and PPD increase (p < 0.05). 
Results indicated a statistically positive interaction between Tf and KTW decrease around the implants with microthreaded 
collar (p < 0.001).
Conclusion Peri-implantitis might be presented as a time-dependent disease. Implant-based factors, such as Tf and implant 
macrodesign, could influence peri-implantitis occurrence, exacerbate clinical parameters, and promote progressive bone loss.
Clinical relevance Peri-implantitis can be affected by implant macrodesign and Tf. The implant body shape, thread number, 
and design of the implant collar may be considered peri-implantitis-related risk indicators that should be taken into account 
in proper implant planning and therapy.
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Introduction

Implant macro- and micro-designs are considered to be 
important factors for osseointegration [1]. The shapes of 
the implant body and thread, threads number, and implant 
surface are constructed to enable a strong bone-to-implant 
contact (BIC) [1], withstanding the load during and after 
osseointegration [2]. Implant macrodesign, in addition, aims 
to accelerate the osseointegration process by resisting det-
rimental forces that might occur after prosthetic rehabilita-
tion [2–4]. Although implant surface topography (micro- and 
macro-designs) plays an essential role in osseointegra-
tion and long-term stability, these same features had been 
reported as risk factors resulting in peri-implantitis occur-
rence [3, 5, 6] with the consequence of late implant loss [7].

 * Dragana Gabric 
 dgabric@sfzg.hr

1 Department of Periodontology and Oral Medicine, School 
of Dental Medicine, University of Belgrade, 4, Dr Subotica, 
11000 Beograd, Serbia

2 Department of Implantology, Medical Military Academy, 4, 
Crnotravska, 11000 Belgrade, Serbia

3 Institute for Biomedical Statistics, Faculty of Medicine, 
University of Belgrade, 6, Dr Subotica, 11000 Beograd, 
Serbia

4 Department of Prosthodontics, School of Dental Medicine, 
University of Belgrade, 4, Dr Subotica, 11000 Beograd, 
Serbia

5 Department of Oral Surgery, School of Dental Medicine, 
University of Zagreb, 5, Gunduliceva, 10000 Zagreb, Croatia

6 University Hospital Centre Zagreb, 5, Gunduliceva, 
10000 Zagreb, Croatia

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



 Clinical Oral Investigations

1 3

At the 2017 World Workshop conference, peri-implantitis 
was defined as a biological complication around an implant 
in function characterised by peri-implant mucosa inflam-
mation and progressive bone loss [8]. Due to the limited 
efficacy of both non-surgical [9] and surgical interventions 
[10, 11] to treat peri-implantitis with reported success rates 
up to 50% [12], it seems of paramount importance to fur-
ther investigate factors which might have an influence on the 
onset and development of this disease. Alongside numer-
ous systematic and local risk factors [8, 13, 14], implant-
based factors including implant surface topography, implant 
placement localisation and region, type of implant-supported 
prosthetic reconstruction, and implant time in function (Tf) 
were also considered as potential peri-implantitis risk factors 
[5, 8, 14, 15]. Experimental studies on animals have revealed 
that the TiUnite implant surface could cause spontaneously 
higher bone loss compared with Turned, SLA, or TiOblast 
implant surfaces [16, 17]. Furthermore, different titanium 
implant chemical compositions and roughness had the abil-
ity to cause dental plaque accumulation, inducing increases 
in the adherence and growth of harmful microbiological 
pathogens, resulting in distinct biofilm structure [18, 19]. 
Besides implant topography, surface energy, wettability, and 
electrochemical changes that are also involved in biofilm 
adhesion and formation [20], released titanium particles/
ions may additionally interact with periodontal pathogens 
causing an inflammatory reaction and peri-implantitis occur-
rence [6].

However, the current literature provides insufficient 
evidence regarding whether the implant macrodesign 
parameters observed together might be related to the peri-
implantitis onset. In previous preclinical and clinical studies, 
successful titanium implant therapy assessment and peri-
implantitis incidence were merely based on only one of the 
implants macrodesign parameters, such as the implant collar 
(microthreads, polish, or mechanically treated), the implant 
thread shape, or the implant body design [21–25]. Therefore, 
this cross-sectional study aimed to assess whether implant 
macrodesign parameters observed together and in interac-
tion with a time in function (Tf) might influence the occur-
rence of peri-implantitis. Implant macrodesign parameters, 
including implant body shape, threads number, implant 
collar design, and Tf, were considered hypothetically to be 
implant-based risk indicators leading to peri-implantitis.

Material and methods

The present cross-sectional study was conducted as the 
part of a previously published, randomised control clinical 
trial (RCT) [26] approved by the local Ethics Committee of 
School of Dental Medicine, University of Belgrade (36/28) 
and was reported according to Strengthening the Reporting 

of Observational studies in Epidemiology (STROBE) guide-
lines [27]. The study was conducted at the Department of 
Implantology, Medical Military Academy, Serbia and 
Department of Periodontology and Oral Medicine, School of 
Dental Medicine, University of Belgrade, Serbia, in accord-
ance with the Declaration of Helsinki of 1975, revised in 
2004. All the procedures performed were part of the routine 
care administered.

Study population

Seven hundred and twelve patients with endosseous bone-
level and tissue-level implants (more than 8 millimetres 
(mm) in length, and from 3.2 to 4.6 mm in diameter) and 
implant-supported prosthetics reconstruction loaded from 
January 2010 to December 2018 were randomly examined 
clinically and radiographically during regular annual fol-
low-up visits. Of these patients, one hundred and forty-five 
patients with 412 implants who reported symptoms, such 
as pain, swelling, and had at least one of implant in func-
tion with positive sign of bleeding on probing (BOP) with/
without suppuration (SUP) and peri-implant pocket depth 
(PPD) ≥ 5 mm, were recurred for the further evaluation.

To be included in this study, patients needed to meet fol-
lowing inclusion criteria:

1.  ≥ 1 year one or more endosseous titanium implants with 
implant-supported prosthetic reconstruction (cemented 
or screwed retained single crown or implant-supported 
fixed bridge, or bar attachment removable denture)

2. Early/moderated peri-implantitis: Peri-implantitis 
defined as marginal bone loss ≥ 2 mm combined with 
BOP and/or suppuration with PPD ≥ 5 mm [28]. Inter-
proximal bone level changes were estimated on intraoral 
radiographs and were compared to previous radiographic 
records made within 1 year after implant loading. In the 
absence of previous radiographic records, a threshold 
vertical distance of 2 mm from the expected marginal 
bone level was also used to assess bone loss [29];

3. No implant mobility;
4. Non-smoker and light smoking habits (10 cigarettes/day) 

[30]

Exclusion criteria were:

1. Implant malposition (too buccally and other implant 
malposition) with signs of peri-implantitis;

2. Radiographic records showing ≥ two-third of bone loss 
(sever peri-implantitis) with or without implant mobil-
ity;

3. Previous peri-implantitis treatment;
4. Heavy smoking habit (> 20 cigarettes/day);
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5. Systemic conditions and diseases, such as diabetes mel-
litus, cardiovascular disease, leukaemia, musculoskeletal 
diseases, and disorders;

6. Earlier head and neck radiation therapy;
7. High-dosed antiresorptive drug use (i.e., bisphospho-

nate);
8. Alcohol and drug abuse.

Data collection

Regarding the implants with diagnosed peri-implantitis 
that met all inclusion criteria, a data collection process was 
conducted mostly from patient’s charts (if it was available). 
Assessed and collected data was consisting of three parts: a 
collection of demographic and implant-based factor data, a 
macrodesign parameters assessment, and clinical and radio-
graphic examination and comparison to earlier radiography 
record (Fig. 1).

All clinical and radiography examinations were carried 
out by one experienced and calibrated periodontist (DR). 
The clinical measurements and inter-examiner reproduc-
ibility were assessed on two separate occasions, 48 h apart, 
in five patients with diagnosed peri-implantitis who have 
not met inclusion criteria. The calibration was accepted 

if > 90% of recording between the first and second meas-
urements could be reproduced within 1 mm of differences 
with an interclass correlation coefficient of 0.91.

Assessed macro‑design parameters

Implant macrodesign and implant-related factors including 
a region (maxilla or mandible) and localisation (anterior, 
premolar, or molar region) of implant placement and time 
in function (Tf) were assigned and used as implant-based 
parameters. Tf was defined as the time interval between 
implant loading and peri-implantitis detection.

The following implant macro-design parameters were 
recorded:

1. Shape of the implant body: conical or cylindric;
2. Implant thread number: single, double, or triple-thread. 

The implant thread number was defined as a lead: the 
distance that a screw would advance in the axial direc-
tion per one complete revolution [31]. All examined 
implants had a “V” implant shape;

3. Implant collar design: polished or microthreaded.

1

2

3

4

Fig. 1  Clinical and radiographic records of the peri-implantitis cases 
presenting the bone loss through time (peri-implantitis might be 
defined as a time-depend disease). 1. A radiographic record 2 years 
after implant-prosthetic rehabilitation;  2. A radiographic record 

5 years after implant-prosthetic rehabilitation with bone loss; 3. and 
4.   Clinical images of the implant-supported cemented fixed bridge 
showing absence of keratinised tissues with signs of peri-implantitis 
(inflammation of mucosa and suppuration)
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Clinical examination

As a part of clinical examination, the following clinical 
parameters were measured by using a graduated periodon-
tal probe (PCPUNC 15, Hu Friedy, Chicago, USA), with 
force of 0.25 N:

1. Peri-implant probing depth (PPD): measured in mm as 
the distance from the mucosal margin (MM) to the bot-
tom of peri-implant pocket at six points (bucco-mesial, 
bucco-medial, bucco-distal, oro-mesial, oro-medial, and 
oro-distal);

2. Clinical attachment level (CAL): measured in millime-
tres as the distance from implant shoulder to the bot-
tom of peri-implant pocket at six points (bucco-mesial, 
bucco-medial, bucco-distal, oro-mesial, oro-medial, and 
oro-distal);

3. Bleeding on probing (BOP): presence or absence of 
bleeding at four points (bucco-mesial, bucco-medial, 
bucco-distal, and oral) after 15 s of probe insertion;

4. Plaque index (PI): measured at four points (bucco-
mesial, bucco-medial, bucco-distal, and oral);

5. Mucosal recession (MR): measured in millimetres as the 
distance from implant shoulder to the MM;

6. Keratinised tissue width (KTW): measured at the middle 
of the inserted implant in mm as the distance between 
the MM of the implant to a mucogingival junction 
(MGJ). The MGJ is defined as the scallop, the distinct 
boundary line between the attached gingiva and the oral 
mucosa, of which determination is based on different 
tissue colour, texture, and mobility;

7. Periodontitis history of patients with earlier successfully 
completed periodontal therapy: presence or absence.

The margin of the implant shoulder was established as a 
reference point for the MR and CAL measurements. If the 
periodontal probe was unable to approach the region around 
the implant, the superstructure was removed.

Statistical analysis

All data were analysed using IBM SPSS Statistics for Win-
dows, Version 20.0 (IBM Corporation, Armonk, NY, USA).

The results are presented as count (%), and means ± stand-
ard deviation, depending on data type and distribution. The 
groups were compared using parametric (t test) and non-
parametric (chi-square, Mann–Whitney U) tests. A general 
linear regression model (GLR) was performed to evaluate 
the relationship between the dependent variables (clinical 
parameters) and independent variables (threads, design 
of implant, and collar) in the implant model with time in 
function. The model used the following formula: independ-
ent variable + Tf + independent variable × Tf. The tested 

interaction was used to assess significant independent vari-
able interaction and Tf on a dependent variable. All p val-
ues < 0.05 were considered significant.

Results

The demographic and implant-related outcomes are 
shown in Table  1. One hundred and two patients 
(55.17 ± 11.2 years of age) with 139 implants in func-
tion met all inclusion criteria and were enrolled and 
assessed in accordance with the study design. The higher 

Table 1  Demographic and implant-based parameters

N (%)—patients number (percentage), n (%)—implants number (per-
centage)
TiUnite-porous anodized surface (Nobel Biocare, Göteborg, Sweden), 
machine polished surface (BCT Implant System, Belgrade, Serbia), 
MTX-acid washed surface (Zimmer Biomet, Warsaw, USA), SLA-
sandblasted large grit acid-etched surface (Straumann, AG Basel, 
Switzerland), osseospeed surface (Astra Tech, Mölndal, Sweden)
* Statistically significant differences between the groups, p < 0.05
a Single crown or implant-supported fixed bridge
b Bar-attachment removable denture

Ages of patient 55.17 ± 11.2
Time in function 6.1 ± 3.38
Gender, N (%)
Male 65 (64)
Female 37 (36)
Implant type
Bone level 49 (35)
Tissue level 90 (65)
Implant localisation by jaw, n (%)
Mandible 86 (61.9) *
Maxilla 53 (38.1)
Implant localisation, n (%)
Anterior region 33 (23.7)
Premolar region 50 (36)
Molar region 56 (40.3)
Implant surface n (%)
TiUnite 65 (46.7)
Machine polished 26 (18.7)
MTX 11 (8)
SLA 13 (9.3)
Osseospeed 24 (17.3)
Retention of prosthetic restoration
Cemented a 89 (64.3)
Screw retained a 33 (23.7)
Removable b 17 (12)
History of periodontitis, N (%)
Presence 32 (32)
Absence 70 (68)
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peri-implantitis rates were recorded in male patients; 
however, the differences between the genders were not 
significant. A third of the enrolled patients had early 
periodontitis.

There was a positive correlation between implant mac-
rodesign, implant-based factors, and demographic param-
eters (Table 2), as well as between implant macrodesign 
and clinical parameters (Table 3).

Peri-implantitis occurred 6.1 ± 3.38 years after pros-
thetic rehabilitation on implants with TiUnite surface 
(49%) and with significantly higher rates in the man-
dible (p > 0.05, Table 1). Within less than 5 years after 
implant-supported prosthetic reconstruction, peri-implan-
titis rates were higher at implants with a cylindric shape 
(4.09 ± 2.92 years), triple-thread (3.82 ± 2.6 years), and a 
microthreaded collar (3.97 ± 2.96 years) compared to the 
other macrodesign parameters.

A statistically significant more frequent peri-implanti-
tis rates were recorded in the molar region of the mandi-
ble (p = 0.008) compared to the anterior (p = 0.137) and 
premolar (p = 0.656) regions. Implants with a cylindric 
shape and triple-thread recorded statistically significantly 
higher rates of peri-implantitis in the mandible (p > 0.05) 
(Table 2). A cylindric shape of implant displayed sig-
nificantly greater CAL loss compared to a conical shape 
implant (p = 0.006, Table 3). The implants with polished 
collars demonstrated a statistically significant increase of 
PPD and PI (p = 0.001, Table 3).

A general linear regression model (GLR) demon-
strated that Tf in relation to the macrodesign parameters 
of implants statistically affected the peri-implantitis 
clinical outcome. The GLR model indicated that, if peri-
implantitis detection was delayed (more than 5 years after 
implant loading), PPD deterioration and KTW reduction 
would be statistically significantly increased in implants 
with triple-thread (p = 0.037 and p = 0.05, respectively), 
while statistically significant CAL loss would occur with 
implants with a cylindric shape (p = 0.012). The results 
of statistical analyses gained that maximum PPD values 
(approximately 7.8 mm) were detected around cylindric 
implant shape, triple-thread implants, and microthreaded 
implants. The deepest PPD of single-threaded implants 
and implants with polished collars was approximately 
7.2  mm. The GLR did not show statistically signifi-
cant interactions between Tf and implant body shape 
in terms of PPD and KTW changes (p > 0.05). Regard-
ing implant collar design if peri-implantitis detection 
was delayed > 5 years, Tf had a statistically significant 
impact on probing depth increase in implants with a pol-
ished collar design (p < 0.05). Contrary to this, KTW 
would be reduced at implants with a microthreaded col-
lar (p < 0.001).

Discussion

This cross-sectional study assessed the influence and con-
tribution of macrodesign parameters on peri-implantitis 
occurrence. The achieved results of this cross-sectional 
study revealed a statistically significant impact of implant 
macrodesign that interacted with Tf might lead to the dete-
rioration of assessed clinical parameters at implants with 
diagnosed peri-implantitis. According to these results, 
implant body shape, threads number, and implant collar 
design interacting with implant time in function (Tf) might 
be considered as peri-implantitis risk factors.

The geometric implant macrodesign plays an essential 
mechanical role in facilitating the osseointegration process 
[1, 2, 4]. Within 18 months of implant loading, approxi-
mately 2 mm of crestal bone loss occurs around the implant 
due to the physiological bone remodelling process, pre-
senting a successful implant therapy reference [32]. Nev-
ertheless, this physiological process can devolve into a 
pathological one [33, 34], altering bone histology and the 
bone-implant interface, and creating micro-gaps in the bone 
structure that could be colonised by pathogenic bacteria. 
This pathological process in conjunction with implant sur-
face topography (micro- and macro-designs) and implant-
based factors (i.e., localisation and region of implant place-
ment, bone quality, time in function) could contribute 
directly or indirectly to peri-implantitis onset [5, 35, 36].

Localisation and the region of implant placement are still 
controversial issues as potential risk factors for peri-implan-
titis occurrence [5, 8, 37, 38]. In this cross-sectional study, 
statistically, significantly greater peri-implantitis rates were 
found around implants with a cylindric shape and those with 
triple-thread mostly in the posterior region of the mandible 
(62%) which is in agreement with previous studies [35, 37, 
39, 40]. The proper geometric implant design (i.e., implant 
body, thread number, collar design) should be constructed to 
concomitantly resist and minimise the harmful shear forces 
occurring mostly in the posterior region. However, cylin-
dric design of implant and implants with triple-thread were 
shown to create higher shear forces [1], resulting in bone 
loss with the possibility of implant loss. This might be an 
explanation for the gained result in our study.

This is the first study that has assessed the influence of 
implant macrodesign interacting with implant time in func-
tion (Tf) on clinical parameters changes around implants 
with diagnosed peri-implantitis. It is therefore impossible 
to compare the results of our study with those of other stud-
ies that have assessed peri-implantitis incidence in relation 
to only one of the macrodesign parameters, such as implant 
design, surface, or implant collar [22, 23].

Tf is considered as an implant-based risk factor for 
peri-implantitis onset [5], defining peri-implantitis as a 
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time-dependent disease [41]. Based on prior studies, the 
risk of peri-implantitis was twice as high around implants 
in function for more than 5 years [5, 36], as well as that 
the most significant bone loss occurred in the first 7 years 
of implant loading [22]. Variable-thread tapered implants 
showed to be more prone to peri-implantitis (36.7% on 
implant level) approximately 8 years after implant place-
ment [42]. In accordance with these assertations, the 
present results determined that peri-implantitis occurred 
approximately 6 years (6.1 ± 3.38 years) after implant 
loading and within less than 5 years after prosthetic reha-
bilitation around implants with a cylindric shape, triple-
thread, and microthreaded collar.

Furthermore, the results indicated significant but not sta-
tistically higher PPD around cylindric implants compared 
with conical ones. Moreover, by utilising a general linear 
regression model, it was shown that as the peri-implantitis 
diagnosis period passes by Tf, CAL statistically significantly 
increases regarding the implants with a cylindric compared 
to a conical shape which is in agreement with only one study 
that dealt with the influence of implant body shape on peri-
implantitis prevalence [25]. The study recorded advanced 
bone loss around the cylindric implant compared to the 
conical implant after 3 years of follow-up. Misch, Strong, 
and Bidez [24] explained that a cylindric implant shape is 
exposed to larger detrimental shear forces, causing a greater 
bone loss around the implant during function, and therefore 
exacerbated implant failure. This statement might explain 
the poorer clinical results in both studies.

As a result of this cross-sectional study, there was a 
statistically significant increase in both PPD and CAL at 
the implants with triple-thread implant design (p < 0.05) 
regarding Tf. Based on GRL model analyses, KTW would 

statistically significantly decrease at implants with triple-
thread in the later stages of peri-implantitis diagnosis, prov-
ing that peri-implantitis is a time-dependent disease. The 
number and shape of implant threads are designed to achieve 
a strong and stable BIC by distributing the forces [31, 43] 
and, over time, to minimise harmful shear forces and ten-
sions that occur during implant function. Furthermore, the 
greater the thread number (double- or triple-threads), the 
faster and shorter the implant placement would be. Conse-
quently, as the speed of implant placement increases, the 
pressure forces would also be higher [2], leading to more 
bone loss around implants with triple-thread compared 
to single-thread [1]. The aggressiveness of triple-thread 
implants on the bone interface might explain the earlier 
peri-implantitis occurrence (3.82 ± 2.6 years), as well as 
the significant increase in PPD and CAL around the triple-
thread implants. Additionally, a decrease in KTW around 
the implants with triple-thread over time may contribute to 
inadequate oral hygiene maintenance, increase mucosal trac-
tion that contributes to plaque accumulation with subsequent 
inflammation and mucosal recession [44] leading respec-
tively to the occurrence of peri-implantitis.

Regarding the implant collar, as an essential factor of 
successful implant therapy, a greater peri-implantitis rate 
with statistically significantly lower KTW (< 2 mm) was 
observed around the implant with a microthreaded collar 
within less than 4 years after implant loading compared to 
polished implant collar. This finding conflicts with the collar 
microthreads concept that was established to prevent bone 
loss within the first year of implant placement, as well as 
to maintain the stability of crestal bone by disassembling 
the harmful forces over a long-term period [45]. A possible 
explanation for the gained outcomes might be a position of 

Table 3  Correlation between implant macro-design and clinical parameters

PPD periimplant probing depth, CAL clinical attachment level, KTW keratinised tissue width, MR implant marginal recession, PI plaque index, 
BOP bleeding on probing
* Statistically significant differences between the groups p < 0.05
Intergroup statistical differences:
a p < 0.05 single-thread vs double-threads
b p < 0.05 single-thread vs triple-threads
c p < 0.05 double-threads vs triple-threads

Implant shape Number of implant threads Implant collar design

Cylindric n = 77 Conical n = 62 p value Single (a)

n = 51
Double (b)

n = 31
Triple (c)

n = 57
p value Polished

n = 90
Microthreaded
n = 49

p value

PPD 5.11 ± 1.10 4.82 ± 1.13 0.132 5.22 ± 0.8 4.95 ± 1.3 4.78 ± 1.25b 0.118 5.23 ± 1.04 4.51 ± 1.11 0.001*

CAL 5.02 ± 1.42 4.46 ± 1.33 0.006* 5.43 ± 1.36 4.53 ± 1.4 4.42 ± 1.3a, b 0.001* 5.03 ± 1.5 4.43 ± 1.2 0.017*

KTW 2.08 ± 1.39 1.69 ± 1.11 0.164 2.44 ± 1.05 2.32 ± 0.9 1.2 ± 1.33b, c 0.001* 2.14 ± 1.18 1.47 ± 1.35  < 0.001*
MR 0.58 ± 0.93 0.51 ± 0.71 0.883 0.78 ± 1.05 0.64 ± 0.87 b 0.28 ± 0.46 0.071 0.65 ± 0.9 0.36 ± 0.7 0.062
PI 77.92 ± 26 78 ± 28 0.602 80 ± 24 76.89 ± 34.34 76.31 ± 25.6 0.516 83.3 ± 25 67.7 ± 27 0.001*

BOP 86 ± 20.78 85.46 ± 20 0.54 84.64 ± 21.8 83.3 ± 23.6 88.01 ± 17 0.84 83 ± 24 87.2 ± 18 0.93
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microthreads below the top of the implant collar that causes 
a weaker connection between the bone and implant, result-
ing in micro-gaps and bone resorption onset [33, 46]. Fur-
ther, reduced KTW (< 2 mm) interferes with providing and 
maintaining adequate oral hygiene especially in the posterior 
part of the mandible which could be a potential place for 
microorganism accumulation and retention. Together, these 
factors could result in bacterial retention, ultimately trig-
gering inflammation and the occurrence of peri-implantitis.

Even though BOP appeared to be high scored in the pre-
sent study, the study results did not display an influence of 
implant macrodesign on the BOP appearance, as one of the 
certain signs of inflammation and important parameter for 
peri-implantitis diagnosis. The dichotomous recording of 
the BOP (present/absent) may be misinterpreted. Based on 
this method of BOP presence recording, it is not possible to 
determine the severity of disease or the degree of inflam-
mation. In addition, BOP could be associated not only with 
changes in PPD and marginal bone level, but also with the 
trauma caused during probing [47]. Thus, the radiography 
records comparison performed in this study was necessary 
to distinguish peri-implantitis health from early peri-implan-
titis. Although polished collars for implants have been cre-
ated to prevent dental plaque accumulation and to maintain 
good oral hygiene [1, 4, 19], the present study showed a 
statistically significant increase in plaque index for polished 
collars as compared to microthreaded collars. One of the 
possible explanations of this obtained result could be the 
finding that peri-implantitis diagnosed around polished col-
lars of implants recorded a statistically significant increase 
in terms of PPD and CAL in the posterior parts of the jaw. 
The posterior part of the mandible may have reduced KTW 
that interferes with providing and maintaining adequate oral 
hygiene. Furthermore, absence or less than 2 mm of KTW 
joined with PPD > 5 mm and plaque accumulation (higher PI 
score) could result in BOP appearance [48, 49]. Aside from 
this, certain microorganisms in dental plaque have a high 
level of adherence to titanium implants [19, 50–52] and, 
consequently, could accelerate an inflammatory reaction in 
the tissues causing BOP and peri-implantitis onset.

Although this study tried to assess the effect of implant 
macrodesign interacting with time in function on the clinical 
parameters changed around implants with diagnosed peri-
implantitis, there were some limitations such as:

1. Small sample size and in some cases an absence of base-
line documentation that could result in an inaccurate 
interpretation of the results. Moreover, current literature 
provides insufficient case series evidence regarding the 
proper definition of early/moderate peri-implantitis what 
may lead to misclassification bias.

2. The period from implant insertion to prosthetic reha-
bilitation was not assessed. Since the tissue and bone 

remodelling occurred during osseointegration and after 
implant loading, it could not be claimed with accuracy 
whether the macrodesign solely influenced the KTW 
changes, which decreased and remodelled after tooth 
extraction and implant insertion. Moreover, implant 
position and insertion depth could also have a negative 
effect on therapy results. Additional bone loss can be 
explained by deeper implant insertions during the sur-
gery, which may affect the obtained results.

3. The study did not follow other parameters, such as 
prosthetic reconstruction including type of implant 
connection, abutment, and prosthetic retention, which 
could also be considered as potential factor risks in peri-
implantitis onset.

Furthermore, future studies should assess the interaction 
of implant macrodesign and strength forces on peri-implan-
titis occurrence and progression.

Conclusion

Within the limitations of this study, it can be concluded that 
peri-implantitis might be presented as a time-dependent dis-
ease. A delayed peri-implantitis diagnosis associated with 
prolonged implant Tf could interact with the geometric 
implant macrodesign, such as a cylindric body shape, triple-
thread, and polished implant collar, resulting in deterioration 
of clinical parameters. Therefore, the implant macrodesign 
interacting with Tf might be considered as an important risk 
indicator in peri-implantitis.
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