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Abstract
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When Branemark first introduced the concept of 
osseointegration in 1952, a new era of oral reconstruction 
emerged [1]. For a long period of time, this machined type of 
implant was clinically and histologically considered successful for 
osseointegration. In response to clinical demand, rough surface 
implants were introduced in the late 80’s in order to facilitate 
bone–implant-contact (BIC) [2,3]. However, plaque can attach up to 
25 times more easily to rough surfaces than to machined surfaces 

Introduction

Purpose: This systematic review compares the effect of rough-surfaced and machined implant collar on marginal bone loss in adult 
patients. 
Materials and Methods: An online search was assembled with a combination of Medical Subject Headings (MeSH terms) and free-
text words of the literature published up to February of 2016, to identify studies that compared modifications in the implant neck 
area and measured marginal alterations. 
Results: The primary search yielded 1,110 significant titles. After filtering, data extraction and quality assessment, eighteen full text 
studies were selected and divided according to the follow-up at one year, three years and five or more years. 
Conclusion: In short-term cases, defined as ≤ 1-year follow-up, rough collar implant surfaces showed better marginal bone preserva-
tion than smooth collar implant surfaces. However, there was no difference between implant designs in longer-term studies, defined 
as ≥ 3ys follow-up. The data do not suggest a long-term advantage to the use of either implant collar surface.

[4,5], jeopardizing long-term success of the biological seal around 
the implant collar [6-9].

Dental implant surface roughness first started with an appetite-
layer (e.g., hydroxyapatite (HA)-coated), then titanium plasma-
sprayed, titanium oxide [TiO2] blasted, acid-etched, blasted 
and acid-washed/etched, anodized, laser ablation) [2,310]. For 
decreasing the healing time and reducing the stress at the peri-
implant marginal bone to prevent crestal bone alteration [11,12].
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Lack of effectiveness of the machined neck, when it is placed 
under the crest of the bone, led to the introduction of one stage 
implant designed by Straumann Standard Implant, formerly known 
as the “ITI Implant” in 1985 and later, sandblasting large grit and 
acid-etched surface (SLA), applying the smooth transmucosal neck 
supracrestal [13,14].

The concept of having implants roughened along their entire 
length, without machined collar, was introduced in most implant 
brands [15,16] in order to accommodate the new clinical challenges 
of immediate loading and to improve the immediate placement 
method. Previous studies compared subcrestal with epicrestal 
implant placement with platform switching without abutment 
removal and showed very low bone loss in both groups of implants 
and delayed loading [17,18].

The transition from turned (machined) to textured surface 
of the implant collar started when research demonstrated 
that this surface modification has a beneficial effect on early 
osseointegration and it reduces the time of loading [16,18,19].

Starting in 2005, the incorporation of micro-threads to the 
collar of the implant was introduced, in order to try to shorten or 
even to eliminate the polished collar [20-22].

Besides the microbial issue, crestal bone loss could still happen 
due to the possibility of a macrogap in butt-joint connections 
and potential movements between the implant fixture and the 
abutment/prosthesis during loading [12,22,23]. In order to solve 
this issue, the platform-switching concept was introduced in 2006 
by Lazzara and Porter [23,24]. To minimize crestal bone loss, 
enhance soft tissue contour, and improve home care and esthetics. 

The fact that the placement of a rough surface up to the collar at 
the bone level reduces the amount of marginal bone loss and that 
is has “durable” soft-tissue cuff [25-28], started to bring attention 
to this configuration. 

A concept of placing the implant flush with the crest of the 
alveolar bone or even slightly below (traditional Branemark 
protocol), bone level implants were introduced to be a selection 
procedure to maintain the implant-bone-soft tissue complex [29].

The initial adhesion of bacteria in the implant surface 
collar mainly starts at locations with high wettability (a typical 
characteristic of titanium), for example: rough surface, grooves 

and pits [7,30], provisional restoration with inadequate contour 
and deficient soft tissue manipulation during healing [31], poor 
oral hygiene (OH) maintenance; no preservation of the biologic 
width by micro movement of 0.5-1mm away from the base of the 
sulcus; inadequate implant placement relative to the bone crest 
– vestibular bone lamella width; absence of micro gaps between 
implant and abutment that lead to bacterial colonization; presence 
of keratinized tissue (attached gingiva of 2mm); periodontal 
biotype [32,33], and periodontal conditions [34,35].

A primary concern around rough implant collar surfaces lies 
in the potential for accelerated loss of osseointegration, if this 
roughened surface becomes uncovered by recession and exposed 
to the oral environment [36-38]. A roughness thickness of 0.5 to 
1.0 mm up to the collar of the implant may help maintain oral 
hygiene and provide an appropriate peri-gingival complex as well 
the maintenance of the biological seal [30].

Recently, laser micro texturing technology was introduced 
in forming the texture of the implant neck [39,40]. This kind 
of surface creates an attachment that differs significantly from 
previous reports because the collagen fibers oriented in a parallel 
and circumferential direction to the implant collar surface [39,40]. 
However, none of these technologies have been shown to prevent 
peri-implantitis [41-49].

The purpose of this systematic review was to determine 
whether the use of rough surfaced neck implants leads to a clinical 
advantage, defined by less marginal bone loss than machined neck 
implants.

The literature search was structured according to the PICO 
format that include: Population (P) - healthy subjects with stable 
implants loading for at least 6 months. Intervention (I) was 
implants exhibiting any kind of rough collar design (i.e. rough 
surfaces with or without micro threads implant collar, machined 
collar, Laser-lock). Comparator/Control (C) was implant with a 
smooth collar surface design. Outcome (O) was bone level changes 
assessed from radiographical images in adult patients treated with 
dental implants.

The search strategy used a combination of Medical Subject 
Headings (MeSH terms) and free-text words with the guidance of a 
research librarian at New York University Health Sciences Library.

Methods and Materials 
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This systematic review searched the following electronic 
databases up to February of 2016: the Cochrane Oral Health 
Group’s Trials Register; the Cochrane Central Register of Controlled 
Trials (CENTRAL); MEDLINE via OVID; DOSS via EBSCO; SCOPUS; 
CINAHL; and EMBASE via OVID, including all of the Web of Science 
searches available today [50,51].

Online and academic searches of the clinical dental literature 
were included with no restrictions on the language or date of 
publication, as long as the title and abstract were provided in 
English. Articles available online in electronic form were considered 

eligible. The reference lists of all accepted articles related to the 
topic were evaluated and included as a manual search.

The inclusion criteria are as follows: randomized controlled 
trials (RCT), cohort studies, non-randomized but controlled clinical 
trials, and prospective and retrospective clinical studies that 
compare smooth and rough collar osseointegrated dental implants 
on marginal bone alteration with a follow–up of at least 12 months. 
In addition, sufficient bone height and a ridge width that allowed 
for at least 1.5 mm of surrounding bone after implant placement 
(Table 1).

Table 1: Summary of the inclusion studies 

Randomized controlled trials (RCT), cohort studies, non-randomized but controlled clinical trials, and prospective and retrospective 
clinical studies that compare smooth and rough collar osseointegrated dental implants and their summaries. *Randomized Clinical Trial 

(RCT).
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All literature reviews and systematic reviews that involve 
studies without indications of bone measurements, animal studies, 
in vitro studies, case reports or case studies, studies of implants 
associated with bone grafting procedures, immediate implant 
placement, and immediate loading implants (loading within 24 
hours following implant placement and early loading after 24 
hours).

ii) Presence of any local or systemic disease that might 
contraindicate treatment, such as periodontal disease, severe 
smoking habit, uncontrolled diabetes, bone diseases, drugs or 
conditions that decrease blood supply, and radiotherapy [52].

Matching assessments

•	 Data: obtained from patient records (record sheets, ra-
diographs, medical history, and clinical records).

•	 Implant location: mandible or maxilla with sufficient 
bone; one or two-stage surgery were allowed; radio-
graphic peri-implant to measure the marginal bone 
height, 

•	 Characteristics of the implant: neck length from 0.5 to 2.8 
mm; implant of any diameter (3.3 - 3.5, 3.75-4.3, or 5 - 6 
mm) or length; cantilevers (none).

•	 Technique for implant placement: delayed implants 
placement, not in grafted bone or in post-extraction sock-
ets; not in periodontally compromised sites; phasing of 
implant restoration (two-stage: insertion of the implant 
in the first surgical procedure, followed by a healing pe-
riod of 4 - 6 months, and abutment connection in the sec-
ond surgical procedure; one-stage: implant and healing 
abutment insertion;

•	 Type of prosthetic restoration: single tooth, fixed restora-
tion or overdenture; type of material used in the restora-
tion (ceramic, metal-ceramic, metal-acrylic, or acrylic); 
screw or cemented restoration.

Two independent reviewers evaluated initial candidates for 
inclusion. The titles were scanned from all studies identified 
through the electronic search to meet the inclusion criteria or 
identify those without sufficient data in the title and abstract 
to make a clear decision to consider the full report (Figure 1). 
Subsequently, abstracts of all titles were downloaded and evaluated 
individually. If the abstract met the inclusion criteria, the full text 

Identification of the studies

was obtained, and evaluated. At this phase, the manual search from 
references of the full texts selected were individually searched 
and agreed to be included in the systematic review. The reviewers 
agreed on the final selection of the articles. All disagreement was 
successfully resolved. 

Figure 1: Search strategy studies were performed in order to 
include/exclude articles from the systematic review and imple-

mented the meta-analysis on the final 18 articles.

Data regarding the following parameters were extracted: 
type of study; setting of study; patient age, sex, systemic disease, 
and smoking habits; tooth replaced by the implant; reason for 
extraction; bone defect; probing depth (PD) or recession; tissue 
biotype; treatment; immediate or late implant placement; implant 
dimensions and brand; type of surgery (i.e., flap elevation or 
flapless); bone graft; restoration type; follow-up period; treatment 
outcome; soft tissue changes; hard tissue changes; complications; 
and implant survival rate.

Extraction of data 

The following information was collected from each included 
study and inserted into a specifically designed electronic summary, 
including names of the authors, year of publication, study design, 
total number of subjects at baseline, total number of implants at 

Data collection 
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baseline, total number of subjects at follow-up, total number of 
implants at follow-up, number of implant fixtures per arch, years of 
mean follow-up, placement protocol (delayed implant placement); 
loading protocols (loading after 2 months or more following 
implant placement), types of surface collar (machined/rough) and 
manufacturer of inserted implants, cumulative implant survival, 
cumulative prosthesis survival, mean alveolar bone loss (mm/
years of follow-up) by probing or x-rays, incidence of prosthetic 
complications (number of events). These study characteristics is 
summarized in Table 1 (Table 1).

1. Strategies to prevent, or limit, bias included: diagnosis using.

2. Several clinical and radiographic criteria and including only.

3. Implant restorations with at least 1 year of follow-up (to pre-
vent diagnostic error); the exclusion of patients current.

Two authors independently evaluated the quality and risk for 
bias of the all included studies, using the criteria of Annibali., et al 
[53] (Table 2).

Quality and risk of bias assessment and analysis study 
selection 

Author(s)

Patients 
collected in 
more than 

one center?

Where was 
the study 

conducted?

Aim of 
study    de-

scribed?

Inclusion 
&  Exclu-

sion  criteria 
reported? 

Definition 
of outcomes 

reported?

Prospec-
tive Data?

Main find-
ings of study 

clearly de-
scribed?

Losses to 
follow-up  

de-
scribed?

Astrand., et 
al. (1999) NR NR Partially No Yes Yes Partially Partially

Gotfredsen., 
et al. (2001) Yes Multicenter Yes Yes (I) Yes Yes Yes Yes

Engquist et al. 
(2002) NR NR Partially No Yes Yes Partially Partially

Astrand., et al. 
et al (2004a) NR NR Partially Yes (I) Partially No Partially Partially

Astrand., et al. 
et al (2004b) Yes Multicenter Partially No Partially Yes Partially Yes

Wennstrom., 
et al. No University Yes No Yes Yes Yes Yes

Meijer., et al. 
(2004) No Hospital Yes No Yes Yes Yes Yes

Zechner., et al. 
(2004) NR NR Partially No Partially No Partially No

Shin., et al. 
(2006) No Hospital Yes Yes Yes Yes Yes Yes

Watzak., et al. 
( 2006) Yes University Yes Yes Yes No Partially NR

Bratu., et al. 
(2009) No University Yes Yes Yes Yes Yes Yes

Goswami 
(2009) NR NR Yes Yes (I) Yes Yes Partially NR

Meijer., et al. 
(2009) No Hospital Yes No Yes Yes Yes Yes

Piao., et al. 
(2009) 

No University Yes Yes Yes Yes Yes Yes

Stein., et al. 
(2009)

No University Yes Yes Partially Partially Partially No

S.Y.Lee et al 
(2010) No University Yes Yes Yes Yes Yes Yes

Arnhart., et 
al. (2013) No University Yes Yes (E) Yes No Yes Yes

Penarrocha-
Diago., et al. 
(2012) 

No University Yes Yes Yes Yes Yes Yes

Table 2: Quality and risk of bias assessment description of the randomization process of all included 18 articles and follow up,  
using the criteria of Annibali., et al [53].
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Nevertheless, in some clinical situations, both classical and 
retrograde pathways may overlap. Strategies to prevent or limit 
bias include: diagnosis using clinical parameters and radiographic 
criteria to measure the bone height and to include only implants 
loaded for at least 1 year (to prevent diagnostic error).

Marginal Bone Loss (MBL) was defined as the distance 
between the implant-abutment interface and the crestal bone to 
implant contact. The implant-abutment interface was used as a 
reference point because it is always present and easy to recognize. 
However, on ITI implants, because the border is not perceptible on 
radiographs, the crest was used.

Most studies sourced their images from intraoral x-rays, but 
panoramic radiographs were used in two articles, Watzak., et 
al 2006 [38] and Arnhart., et al 2012, [54] and one, Goswami 
2009 [55] used computed tomography (CT). In all cases, distal 
and mesial measurements (as well as buccal and lingual sites, if 
available) were averaged prior to analysis. Dimensional distortion 
in all images was corrected using the ratio between the apparent 
implant dimension and the actual implant size. To determine the 
apparent dimension, a magnifying lens (x7), with a measuring 
scale divided into 0.1 mm graduations, was used. 

Marginal bone loss 

Some studies employed multiple implants in the same subjects, 
but analyzed those data as if they were independent observations. 
To correct for the likely underestimation of residual variability 
in those studies, people rather than implants were used when 
computing standard errors. The use of a reduced sample may limit 
power, but it was chosen so as to be conservative in the sense of 
protecting against rejecting true null hypotheses. While the ideal 
solution would have involved the use of mixed models in the 
original analysis, this information could not be recovered from 
the published reports. Meta-analysis was performed using Review 
Manager (Version 5.3, Nordic Cochrane Centre, Copenhagen, DK) 
and employed random effects models

Data analysis

Of studies published between 1999 and February 2016, 1,110 
evaluated adult patients treated with dental implants, including 

Literature search 
Results

293 from Medline (PubMed), 186 from Embase (OVID), 438 from 
SCOPUS, 193 from other sources including The Cochrane Library, 
and 9 articles that were found through hand searches of the cited 
literature. After duplicate articles were removed, 364 articles 
remained. Of these, seventy-seven that satisfied criteria for further 
evaluation and 31 of those remained after noting exclusion criteria 
in the abstract. After completely screening the full-text articles, 
another 17 studies then failed to meet the inclusion criteria. Notice 
that three articles were removed from those otherwise meeting 
selection criteria because they did not report standard deviation 
(SD) or standard error (SE) [Pecora., et al (2009) [56]; Zetterqvist., 
et al (2010) [57]; Nickening., et al (2013) [58]. 

The publication data of the selected studies ranged between 
1999 - 2016, including eight articles between 1999 and 2004 and 
ten articles between 2009 and 2011, when modification of the neck 
of the implant started to receive special attention. 

Follow-up times ranged from 1 to 10 years. Out of the eighteen 
selected articles, seven had a one-year follow-up, three with three 
years, six with five years and one each with seven years and ten 
years. Several groups followed their cohort and published at 
multiple follow-up intervals. Thus, Astrand [59-61] reported at 1, 
3, and 5 years follow-ups, while Piao., et al. [62] and Lee., et al. [63] 
reported at both 1 and 3 years. Meijer., et al in 2009 [64] reported 
at 1, 3, 5 and 10 years. Analysis always stratified by follow-up time, 
so subjects in these studies were never ‘double-counted’. 

 A detailed description of the study quality and risk of bias of 
all 18 articles are shown in Table 2. Methodological quality of the 
11 randomized trials was high or moderate. However, the risk of 
bias was high in four studies; moderate in two studies that only 
partially reported the exclusion and inclusion criteria, and low in 
four studies that did not provide appropriate descriptions of the 
randomization process and description of follow-ups (Table 2).

To summarize results, 11 of the 13 studies with up to 1-year 
of follow-up reported less marginal bone loss when rough than 
machined neck surface implants were used, with more bone 
loss in the maxillary arch. Two of these studies found significant 
differences (Table 3). 
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Three of the five studies with three-year follow-up favored 
rough implants, none significant. Five of the nine studies with five-
years follow-up favored rough implants; 2 or those studies were 
significant in favor of the rough surface, and one study significantly 
favored the smooth surfaced implants (Tables 4 and 5). Two 

studies with 7 and 10 year follow-up showed slightly smaller loss 
of marginal bone with rough than machined implant neck surfaces 
[54,65].

Additionally, the included studies have been evaluated for any 
potential publication, reporting or attrition bias.

Table 3: Meta-analysis at a 1-year follow-up reported less marginal bone loss on rough neck surface 
 than machine neck surface implants with more bone loss in the maxilla arch. Two of these studies found  significant differences.

Table 4: Meta-analysis at a 3 years follow-up where three of five studies favored rough implants, none significant.
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Table 5: Meta-analysis at a 5-year follow-up where five of nine studies favored rough implants, two of  those studies were significant in 
favor of the rough surface, and one study significantly favored to the  smooth surfaced implants.

The rationale behind this systematic review was to compare 
marginal bone loss (MBL) of implants with a rough surfaced 
collar, with or without micro threads, to implants with machined 
collar. MBL (Marginal Bone Loss), has been suggested to be the 
major criterion for implant success [34] and is considered a major 
etiologic factor for peri-implant diseases [7,30,35,66-72].  

During the last three decades, many modifications on the collar 
of the implant have been developed to improve the long-term 
success of the implant procedure. 

The fundamental reasons for the absence of a standard protocol 
on implant collar surface are the following: 

Discussion

a) Lack of well-conducted randomized clinical trials (RCT) 
with long-term follow-up; 

b) There are only a few comparative studies investigating the 
smooth and rough implant neck designs;

c) Lack of standard protocol and criteria. Different studies use 
different implant neck designs and criteria, which makes com-
parison difficult. This affects the homogeneity of trials, when 
carrying out systematic reviews;

d) Different study analyses uses different measures. Often, these 
are not specified in the publications, making it impossible to 
compare results of different trials. An example is the evalua-
tion of the measurements and the difference between the stan-
dard deviation (SD) and standard error (SE);

e) Existence of insufficient number of studies with long-term 
(five to ten years) follow-up.
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Evaluating the implant collar surface and MBL (Marginal 
Bone Loss), there has not been enough attention addressed to 
the complications of peri-implant diseases (mucositis and peri-
implantitis), especially on how to prevent it, to read the implant 
soft tissue, to treat it, and to repair the defect it creates. Long-term 
research is urgently needed to address these important areas of 
dentistry and implant clinical training. 

The electronic search was restricted to the most recognized 
dental journals, and so this systematic review may not have 
identified all relevant articles, particularly those conducted 
unpublished, by the manufacturers. 

Different types of implant neck surfaces, lengths, design and 
manufacturers may be a factor leading to heterogeneity in the 
evaluation of crestal bone alteration, kinds of restorations, which 
could also lead to inconsistent results. 

In terms of the study designs and protocols, four studies tested 
rough and smooth implants in the same subjects [Gotfredsen., et 
al (2001) [46], Wennstrom., et al (2004) [69], Bratu., et al (2009) 
[66], Goswami (2009) [55]; therefore, the randomization process 
in such a scheme can be difficult to achieve. The potential for bias is 
always a concern, which is another limitation of this study. 

Another factor to be considered is the effect of single prosthesis, 
comparing to splinting cases that provide additional forces, 
consequentially more marginal bone resorption.

May be there is a difference in MBL (Marginal Bone Loss), at early 
period, meaning before loading lead to crestal bone remodeling, 
which was not detected by this systematic review literature. 

Notice that the articles before 2004 have more variables than 
the recent ones, which may contribute to the heterogeneity effect 
(Tables 3-5).

Implants with machined collar would appear to experience 
similar marginal bone loss at long-term and less complications 
leading to higher patient oral quality of life. However, some 
clinicians believe that implants with rough collar, placed 
subcrestally, produce better levels of patient satisfaction because 
of the aesthetics results [18,19,60,67,73-76].

The limitations of the study include

After analyzing 18 studies, results failed to provide evidence 
that either type of implant collar surface leads to superior marginal 
bone levels in patients over time. While the meta-analysis indicated 
significantly less marginal bone loss in rough than smooth surface 
implants at short follow-up intervals, there was also significant 
heterogeneity among those studies. Studies reporting on follow-up 
after 3 or more years failed to show an MBL (Marginal Bone Loss), 
advantage for either surface texture. Further, the magnitude of 
average differences failed to achieve clinically relevant levels at any 
follow-up interval. 

Long-term research is needed to address the implant neck 
surface consequences, with special attention to the preservation of 
bone structure at the implant interface for long-term predictability 
[20,30,34,35].

Conclusion
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