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Relationship Between Long-Term Marginal Bone Loss and 
Bone Quality, Implant Width, and Surface
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Purpose: Short- or long-term implant survival and success are related to peri-implant marginal bone loss 

(MBL), among other key factors. The purpose of this study was to analyze the role of clinical and implant-related 

variables in MBL over a long-term follow-up. Materials and Methods: A retrospective study of 558 implants 

in 172 patients was conducted, analyzing the relationship between MBL and clinical, implant-related, and 

prosthetic design–related variables. MBL was measured on digital radiographs with specific software, using 

implant threads as reference. Results: Linear mixed analysis revealed the following significant effects: a lower 

mean MBL for type IV bone (0.047 mm/year, 95% CI [–0.019, 0.119]) than for type III bone (0.086 mm/year, 

95% CI [0.038, 0.138]), type II bone (0.112 mm/year, 95% CI [0.070, 0.167]), or type I bone (0.138 mm/year, 

95% CI [0.052, 0.23]); an increased MBL of 0.033 mm/year for each increment of 1 mm in diameter (95% 

CI [0.002, 0.065]); a lower mean MBL in smooth implants (0.103 mm/year, 95% CI [0.090, 0.117]) vs rough 

implants (0.122 mm/year, 95% CI [0.102, 0.142]). The mean MBL was > 0 mm/year for all prostheses except 

for fixed complete dental prostheses. Conclusion: Within the limits of a retrospective follow-up study, a lower 

mean peri-implant MBL was associated with type IV bone, a smaller diameter, a smooth surface, and a fixed 

complete dental prosthesis. Int J Oral MaxIllOfac IMplants 2016;31:398–405. doi: 10.11607/jomi.4245
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Once osseointegration has been achieved, short- or 
long-term implant survival and success are related 

to peri-implant marginal bone loss (MBL), among other 
key factors.1 An MBL of up to 2 mm at 1 year after 
implant loading has become accepted as clinically 
“normal.”2 It was reported that 97% of implants with 
an MBL > 0.45 mm at 6 months postloading show 
a rapid and progressive MBL up to 2 mm at 1 year.3 
However, recent short-term4 and long-term5 studies 
have demonstrated an absence of pre-implant MBL, 
attributed to the development of novel implant surfaces 
and geometries.

Short-term MBL appears to be influenced by mul-
tiple factors. Thus, Albrektsson et al considered osseo-
integration as a foreign-body reaction, with MBL being 
an imbalance in this reaction.6 MBL has also been 
described as a biologic response to surgical trauma, 
overdrilling, and/or excessive heat7 or to removal of the 
periosteum, which would account for approximately 1 
mm of crestal bone loss.8 Other authors have reported 
that MBL results from the establishment of the biologic 
width after prosthesis placement.9,10 Galindo-Moreno 
et al observed that MBL was virtually absent after the 
surgical phase, increased after prosthetic loading, and 
was again stabilized at 6 months postloading.3

Other factors that have been proposed to influence 
long-term MBL include: IL1 gene polymorphisms 
(alleles 1 and 2 of the IL1A gene and alleles 1 and 
2 of the IL1B gene)11; the presence of pathogenic 
microflora12; tobacco consumption13; implant-related 
characteristics, such as the switching platform14; 
macroarchitecture15,16; connection type17; implant 
diameter and surface18; and the prosthetic design.19 
Authors of the most widely used classification of bone 
quality, based on the bone density and distribution 
of cortical-medullary bone,20 reported that the best 
response is obtained in type II bone and the worst in 
type IV bone. A more rapid osseointegration may be 
possible using implants with a rough versus smooth 
surface,21 but this roughness may then have a negative 
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effect by providing niches for bacterial colonization.22 
The improvement in survival obtained by utilizing 
rough-surface implants has not been clearly estab-
lished, and the follow-up periods in most studies on 
this issue have not exceeded 5 years.23 In fact, there 
has been increasing discussion in forums on the use 
of smooth-surface implants as a preventive mecha-
nism against bacterial infection and MBL,24,25 and 
further comparative data are required on long-term 
MBL with smooth or roughened surfaces to support 
clinical decision-making.

Few published studies have analyzed the influence 
of prosthetic design on implant success, and a recent 
review called for greater research efforts on this issue, 
stressing the need to consider the long-term primary 
outcome of the implant-prosthetic complex as a whole 
in the evaluation of implant success.1

With this background, the objective of the present 
study was to determine the role played by clini-
cal, implant-related, and prosthetic design–related 
variables in long-term (approximately 10 years) MBL.

MATERIALS AND METHODS

A retrospective study was conducted of 558 implants 
placed in 172 patients by the same surgeon (BN) at 
a single periodontal clinic between 1992 and 2013: 
461 Brånemark Integration implants, 30 Brånemark 
MK IV implants (Nobel Biocare Ibérica), and 67 IMTEC 
implants (IMTEC). Implants that needed bone augmen-
tation techniques at surgery or that showed ≥ 6 mm 
probing depth with bleeding and/or suppuration at 
the time of the assessment (peri-implant pathology 
according to Mombelli and Lang26), the presence of 
systemic disease with bone metabolism involvement, 
steroid use, neoplastic disease, and/or treatment with 
drugs that affect bone metabolism were excluded from 
the study. The study was approved by the Research 
Ethics Committee of the University of Granada. Written 
informed consent was obtained from all participants. 
The following data were gathered for all patients.

Clinical Variables
Clinical variables included age; sex; smoking habit at 
the time of surgery (nonsmoking; 1 to 10 cigarettes/
day; 11 to 20 cigarettes/day; > 20 cigarettes/day); bone 
quality at the implant site as proposed by Lekholm and 
Zarb20, considering the anterior mandible (canines and 
lateral and central incisors) as type I, anterior maxilla 
(canines and lateral and central incisors) as type II, 
posterior mandible (first and second premolars and 
first and second molars) as type II or III according to 
the sensation of the surgeon, and posterior maxilla 
(first and second premolars and first and second 

molars) as type IV bone. Data were also gathered on 
the presurgical periodontal status (probing depth, 
clinical attachment loss, and radiography), and clas-
sified as without periodontitis, with periodontitis, or 
edentulous. Patients with periodontitis were treated 
before the implant placement. Patients were fol-
lowed up every 4 months for evaluation of teeth and 
implants (Plaque Index, bleeding, probing depth, and 
oral hygiene) and underwent a radiographic study 
every 2 years.

Implant-Related Variables
Three different implant surfaces were studied. A 
smooth surface (Brånemark Integration) and two mod-
erately rough surfaces (IMTEC implants, with titanium 
plasma-sprayed surface and Brånemark MK IV implants, 
with TiUnite phosphate-enriched titanium surface). 
Regarding implant design, all implants included in 
the study had cylindrical shapes and external con-
nections. Implant diameter and length, considered 
as independent continuous variables, were gathered 
for the Brånemark implants (diameters ranging from 
3.3 to 5.5 mm; lengths from 7 to 18 mm) and IMTEC 
implants (diameters from 3 to 4 mm, lengths from 
8 to 15 mm). Implant localization was considered as 
mandibular or maxillary and as anterior or posterior 
to the mental foramen. The operator in the present 
study (BN) preserved a minimum of 3 mm between 
implants and 1.5 mm between the implant and tooth 
to achieve the ideal prosthetic distance between 
crown restorations.27 The same surgical technique 
was always applied, placing the submerged implant 
at crestal bone level.

Prosthesis Type
Implant-fixed complete dental prostheses (FCDPs; 
n = 57 implants), bar-retained implant overdentures 
(IODs; n = 73), fixed partial dentures (FPDs; n = 369), 
and single-tooth crowns (SC; n = 59) were all screw-
retained (no effect of cement on MBL) with external 
connections (direct implant-crown connection without 
abutment) and were loaded between 4 and 6 months 
postimplantation.

Radiographic Variables (MBL)
Mesial and distal MBL was determined at the end 
of the follow-up period (hereafter, exposure time) 
by digital orthopantomography, using a specific 
image-analysis software program, Dent-a-View ver-
sion 1.0 (Digident CR, Wehmer), applied by a single 
calibrated researcher (CI). Repeated measurements of 
10 implants of each surface type (smooth or rough) 
indicated a low variance (1% to 4% of total variance) 
for the radiographic reading of mesial and distal MBL. 
This methodology has been published by the present 
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authors in previous research with similar objectives.28 
Each measurement was also verified according to the 
distance between threads (pitch) reported by the 
implant manufacturers (Brånemark implants: 0.5 mm 
in implants with a diameter of 3 mm, 0.6 mm in those 
with a diameter of 4 mm, 0.8 mm in those with a 
diameter of 5 or 5.5 mm; IMTEC implants: 0.6 mm).

Statistical Analysis
The exposure time for each patient and implant was 
computed as the number of years between the implant 
placement and the end of the follow-up period. Distal 
and mesial losses were calculated by dividing the 
absolute MBL in millimeters by the exposure time, 
obtaining the mean MBL over the whole follow-up 
period for each implant. Mean MBL allows statistical 
analysis to be performed when follow-up periods are 
as long as in the present series. Nonnormal metric vari-
ables were log-transformed to improve the normality 
fitting. A linear mixed model was used to reveal the 
effects of prosthesis type and implant surface treat-
ment on the mean MBL, including age, sex, implant 
width and length, periodontal status, smoking habit, 
localization, and bone quality as covariates of interest. 
The patient was taken as the random factor. Model 
residuals were examined for their normality by normal 
quantile plot. An improvement in the Schwarz’s Bayes-
ian index served as the criterion for the entry or exit 
of factors in the statistical model. Two-way interac-
tions alone were analyzed, because inadequate data 
were available for higher-order interactions. Because 
no significant difference was found between mean 
mesial and distal MBL values, they were combined in a 
single MBL as a dependent variable. A scaled identity 
covariance matrix was employed for all linear mixed 
models, following Schwarz’s Bayesian information 
criteria. SPSS 20.0 (IBM) was used for all data analyses.

Table 1 Sociodemographic, Clinical, Implant, 
and Prosthetic Variables

Variable n %

Sex

Male 93 54.1

Female 79 45.9

Smoking

Nonsmokers 77 44.8

Smokers 95 55.2

Tobacco (cigarettes/day)

0 77 44.7

1–10 37 21.5

11–20 28 16.3

> 20 30 17.4

Periodontal status

Edentulous 5 2.9

No periodontitis 31 18

Periodontitis 136 79.1

Implant surface

Smooth 461 82.6

Rough 97 17.4

Zone

Anterior maxilla 149 26.7

Posterior maxilla 190 34.1

Anterior mandible 89 15.9

Posterior mandible 130 23.3

Prosthesis

FCDP 57 10.2

FPD 369 66.1

IOD 73 13.1

SC 59 10.6

Bone quality

I 31 5.5

II 239 42.8

III 249 44.6

IV 39 7.1

FCDP = implant-fixed complete dental prosthesis; FPD = fixed partial 
denture; IOD = implant overdenture; SC = single-tooth crown.

Table 2 Implant-Related Continuous Variables

Variable

Smooth implants Rough implants

Mean SD Median Mean SD Median

MBLM (mm) 0.76 1.17 0.50 0.82 0.93 0.60

MBLD (mm) 0.75 1.12 0.60 0.81 0.92 0.60

MBL (mm) 0.75 1.09 0.30 0.82 0.88 0.60

Mean 
MBLM rate 
(mm/y)

0.15 0.50 0.04 0.14 0.24 0.08

Mean 
MBLD rate 
(mm/y)

0.12 0.32 0.04 0.13 0.22 0.06

Mean MBL 
rate (mm/y)

0.13 0.39 0.04 0.14 0.21 0.07

Implant 
width (mm)

3.95 0.50 3.75 3.89 0.37 3.75

Implant 
length (mm)

13.22 2.04 13.00 13.54 1.85 15.00

MBL = marginal bone loss; MBLM = marginal bone loss (mesial); 
MBLD = marginal bone loss (distal).
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RESULTS

This retrospective study included 558 implants placed in 
172 patients with a mean age ± standard deviation (SD) 
of 53.7 ± 9.73 years, followed up for a mean of 9.32 ± 4.09 
years. Descriptive statistics for the variables of interest 
are displayed in Tables 1 and 2. Because the linear mixed 
model showed no significant differences in MBL between 
mesial and distal sites (P = .15), the outcome in subse-
quent analyses was the log-transformed mean bone loss 
at both sites for each implant and patient. According to 
the linear mixed analyses, this outcome was significantly 
influenced by the bone quality, implant width, surface 
type, and prosthetic design, and the effect of periodon-
tal status was close to the significance threshold (Table 
3). Thus, the lowest mean MBL was observed in type IV 

bone (0.047 mm/year, 95% CI [–0.019, 0.119]), followed 
by type III (0.086 mm/year, 95% CI [0.038, 0.138]), type II 
(0.112 mm/year, 95% CI [0.070, 0.167]), and type I bone 
(0.138 mm/year, 95% CI [0.052, 0.23]) (Fig 1). An increase in 
MBL of 0.033 mm/year (95% CI [0.002, 0.065]) was observed 
for each increase of 1 mm in implant diameter. A lower MBL 
was found with smooth (0.103 mm/year, 95% CI [0.090, 
0.117]) versus rough (0.122 mm/year, 95% CI [0.102, 0.142]) 
implants (Fig 2). The mean MBL was > 0 for all prosthetic 
designs with the exception of FCDP. It was lowest with 
FCDP (0.064 mm/year, 95% CI [–0.05, 0.19]), followed by SC 
(0.097 mm/year, 95% CI [0.04, 0.15]), IOD (0.102 mm/year, 
95% CI [0.007, 0.20]), and FPD (0.135 mm/year, 95% CI 
[0.10, 0.17]) (Fig 3). All of the above MBL means were 
derived from the linear mixed model after back transform-
ing to the raw scale.

Table 3 Mixed Linear Model of the Effect of the Variables on MBL Rate (mm/year)

Variable F (df) P value Main result

Implant surface 4.77 (1,478.24) .030 Smooth < rough
Prosthesis 2.71 (3,518.17) .044 FCDP < (SC, IOD, FPD)
Bone quality 4.21 (1,529.92) .041 IV < I, II, III
Implant width 4.21 (1,484.54) .040 0.0326 mm MBL for each extra mm in width
Periodontal status 3.78 (1,162.83) .054 E = NP = P
Smoking habits 0.30 (1,223.64) .584
Location 2.70 (1,486.95) .101

E = edentulous, NP = no periodontitis, P =periodontitis; FCDP = implant-fixed complete dental prosthesis; FPD = fixed partial denture; 
IOD = implant overdenture; SC = single-tooth crown; MBL = marginal bone loss.

Fig 1  (right) Marginal bone loss average in mm/y related to 
bone quality following the classification of Lekholm and Zarb.

Fig 2  (bottom left) Marginal bone loss average in mm/y related 
to implant surface. UT = smooth; T = rough.

Fig 3  (bottom right) Marginal bone loss average in mm/y re-
lated to prosthesis type. FCDP = implant-fixed complete dental 
prosthesis; FPD = fixed partial denture; IOD = implant overden-
ture; SC = single-tooth crown. Es
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DISCUSSION

In this study, a wide sample of implants with two types of 
surface loaded with four different prostheses was followed 
up for a mean of more than 9 years. Repeated-measures 
analyses with mixed linear models demonstrated that the 
mean MBL over this period was significantly influenced 
by the bone quality, implant width, type of implant 
surface, and prosthetic design. Although all implants 
were placed in pristine bone that did not need bone 
regeneration, it has been reported that there is no differ-
ence in the MBL around implants after the application of 
bone regeneration techniques for lateral29 or vertical15,30 
ridge augmentation.

Peri-implantitis is a multifactorial inflammatory disease 
associated with rapid MBL progression. It is defined in this 
study according to the criteria of Mombelli and Lang.26 
However, Romanos et al31 found that the biologic width 
can substantially differ among implants at different sites; 
therefore, the utilization of periodontal probing depth to 
define peri-implantitis can be misleading, and the MBL 
should be the main criterion for its assessment. Cases 
of peri-implantitis were excluded from the study for 
three reasons: (1) because the requirement for treatment 
would modify clinical variables with respect to the other 
implants; (2) if extracted, the dropout would introduce 
a selection bias; and (3) the maintenance protocol was 
different for patients with peri-implantitis.

Contrary to expectations and most reports in the litera-
ture, the mean MBL (mm/year) was lowest in type IV bone, 
followed by types III, II, and I, in this order. However, 
similar findings were described in the only published 
study on this issue with a substantially longer follow-up 
(15 years).32 A study with a similar follow-up period to 
the present study found no significant differences in 
MBL among bone types but observed a trend to more 
pronounced loss around implants in type I versus type 
III bone.33 The more frequent initial implant failures 
in posterior versus anterior sectors can be attributed 
to an absence of osseointegration, usually caused by 
inadequate bone availability rather than by MBL pro-
gression. In fact, once the implant is osseointegrated, 
the implant stability quotient (ISQ) value tends to be 
persistently greater in type IV versus type II bone and 
to be unaffected by MBL changes.34 The presence and 
quality of the soft tissues on the different bone types 
may be another important factor in the preservation 
of bone around the implant. A certain minimum width 
of peri-implant mucosa is required, and significantly 
greater peri-implant MBL was reported when tissues 
were thinner than 2 mm, irrespective of the position of 
the microgap.35 These observations indicate that the 
thickness of the mucosa plays an important role in the 
degree of early peri-implant MBL.36 The biologic width 
is significantly larger in molars than in anterior teeth, 

primarily at the expense of supracrestal connective 
tissue,37 and the width of keratinized tissue is greater in 
molars than in anterior teeth in the mandible. Romanos 
et al found that the biologic width was significantly 
greater in maxillary versus mandibular sites, reporting 
interdependence among connective tissue, sulcular 
epithelium, and the biologic width.31

Davies referred to the “paradox of poor-quality bone” 
in relation to type IV bone, explaining the reason for the 
localization of the biomechanically “weakest” bone in 
areas where the functional demands of the organism are 
greatest,38 which would be in posterior arch sectors. The 
intense trabeculation of this bone facilitates dissipation 
of energy from the masticatory load, avoiding bone 
microfractures. This bone is also more highly vascular-
ized and has greater cellularity and a larger number of 
undifferentiated reparative cells in comparison with 
cortical bone, resulting in a much more effective tissue 
repair capacity. The greater MBL in more cortical bone 
types may be attributable to their lesser repair response 
in comparison with medullary bone, which makes it 
more difficult to avoid surgical trauma–induced MBL 
in type I bone than in other bone types. In this context, 
Simons et al found a correlation between the MBL and 
the proportion of cortical bone around Brånemark 
implants and concluded that the planning of treatment 
in the posterior mandible should include analysis of the 
cortical-to-medullary bone ratio for the prediction of 
early peri-implant MBL.39 As noted earlier in Materials 
and Methods, the authors’ estimation of the bone quality 
was based on the implant site. A more precise evaluation 
would be obtained from a histologic study of the bone. 
Thus, Lindhe et al compared histologic features of the 
edentulous ridge between the maxilla and mandible 
and found that the respective presence of lamellar bone 
and bone marrow (of different hardness) matched the 
typology proposed by Lekholm and Zarb40 and adopted 
in the present study.

In the present study, the authors found a greater MBL 
around implants of larger diameter (0.0326 mm/year MBL 
for each 1-mm increase in diameter), which is consistent 
with some previous reports41–44 but not with other 
observations of a greater MBL around implants with a 
diameter of 3.3 mm than around those with a diameter 
of 4.1 mm.45,46 A correlation between the available bone 
volume and implant survival was observed by Eckert 
et al41 and Shin et al.42 They indicated the need for a 
critical bone volume whose reduction, eg, by the use 
of wider implants, would compromise implant survival. 
It is also evident that the utilization of implants with a 
smaller diameter reduces the initial trauma produced by 
the surgical bed preparation and improves the repair-
remodeling processes that originate in the remaining 
tissue. In other words, bone healing and repair capacities 
are greater when a larger volume of bone tissue remains.
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In the present study, a lower MBL was observed 
around smooth-surface versus moderately rough-
surface implants (0.103 mm/year vs 0.122 mm/year). 
The original osseointegrated Brånemark implant has 
a minimal roughness of 0.5 or 1.0 µm and has been 
associated with good outcomes. However, in the 
mid-1990s, most studies demonstrated an improved 
osseointegration with the use of implants that have 
a roughness of ≥ 1.5 µm.47,48 Nevertheless, a greater 
percentage bone-to-implant contact does not neces-
sarily imply improved preservation of peri-implant 
bone or reduced MBL progression. In the present 
study, mean MBL values were compared between the 
aforementioned smooth-surface Brånemark implant 
and two moderately rough (1.5 µm) implant types: 
IMTEC implants with titanium plasma-sprayed surface, 
and Brånemark MK IV with TiUnite phosphate-enriched 
titanium surface. At the end of the follow-up period, 
the mean MBL and mean and median MBL values 
were higher around the two types of implant with 
moderately rough surfaces than around the type 
with a smooth surface (mean of 0.103 mm/year). It 
was reported that smooth-surface implants were 
seldom associated with significant gingivitis in either 
the presence or absence of keratinized tissue, and 
that pocket depths remained stable over 15 years.49 
In one of the first studies of this type of implant with 
a follow-up of more than 10 years, Lindquist et al 
reported MBL rates of 0.05 mm/year; however, unlike 
in the present study, they only included implants 
placed in the mandible.32 After a 12-year follow-up, van 
Steenberghe et al reported a mean MBL of 1.7 mm (vs 
0.75 mm in the present study), but they only evaluated 
mandibular implants with a single type of prosthesis 
(overdenture). They used osseointegrated Brånemark 
implants and concluded that time was the only factor 
with a significant influence on the MBL.50 Similar to 
the present findings, Schwartz-Arad et al observed a 
lower MBL in the maxilla around pure titanium implants 
with a smooth surface (0.55 ± 1.04 mm) than around 
hydroxyapatite-coated implants (1.51 ± 2.71 mm) after 
a 12-year follow-up.51

Hence, the present study confirms that a lower long-
term MBL is achieved with smooth versus moderately 
rough implants. Although the current trend has been 
away from smooth surfaces, many systems still pre-
serve a small smooth ring at the implant neck to reduce 
bacterial colonization.52 In addition, implantoplasty 
to smoothen the implant surface exposed to the oral 
medium is a useful treatment option for stabilizing 
MBL in patients with peri-implantitis.53

In the present study, the authors observed lower 
mean MBL values with FCDP than with SC, IOD, and 
FPD prostheses. However, the present finding of a 
difference of approximately 0.1 mm/year in MBL 

between FCDP and FPD should be interpreted with 
caution, because only 57 implants were loaded with 
FCDPs (76% placed on 6 implants, 20% on 8, and 4% 
on 7) and showed highly variable rates, while 369 
implants were loaded with FPD prostheses. However, 
if this difference is verified, it may be related to the 
observation in several medium-term (5- to 10-year) 
clinical studies54 that pockets around teeth in partially 
edentulous patients act as a reservoir for bacterial 
colonization around implants, with a higher risk of 
inflammatory reactions in peri-implant soft tissues in 
comparison with the fully edentulous patient. A further 
explanation of this difference would be the higher 
frequency of technical complications in fixed dental 
prostheses (ceramic fractures or chipping, abutment 
or screw loosening, and/or retention loss), which were 
reported in 38.7% of patients with implant-supported 
fixed dental prostheses after a 5-year follow-up.55 The 
additional treatment procedures required by these 
patients may also exacerbate peri-implant MBL.

Study limitations include biases inherent to retro-
spective studies. One is a measurement bias related 
to the estimation of MBL on digital panoramic radio-
graphs, due to the unavailability of periapical radiog-
raphy, described as the ideal technique to measure 
peri-implant MBL. Nevertheless, the standardization 
of periapical radiographs is challenging in the maxilla 
due to the need to apply a bisector technique, reducing 
the reproducibility of sequential radiographic images. 
In contrast, a standardized parallel technique can be 
used with panoramic radiographs, allowing reliable 
reproduction of the image at each time point. A further 
measurement bias is related to the absence of data on 
the tobacco habits of patients after the implant surgery. 
Finally, the loss of patients who did not complete the 
maintenance protocol or who had missing data in their 
clinical records constitutes a selection bias. The present 
study treatment of the mean MBL as constant over 
time is also a potential study weakness, although this 
assumption is common in the literature when measure-
ments at intermediate intervals are not available.55,56

The results of the present study support the view 
of Papaspyridakos et al1 on the need to question the 
widely accepted success criteria of up to 2 mm MBL 
at 1 year followed by a maximum of 0.2 mm annually.

CONCLUSIONS

Among the clinical variables examined and within the 
limits of this retrospective follow-up study of more 
than 9 years, type IV bone, lower implant diameter, 
smooth-surface implants, and FCDPs were associated 
with less loss of marginal bone around these external-
connection implants.
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