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ABSTRACT
Aim: This nationwide population-based cohort study aimed to assess the incidence of implant complication treatments, includ-
ing implant removal procedures and peri-implantitis treatments, in relation to implant surfaces and abutment types.
Methods: Data from the National Health Insurance Service, covering approximately 50 million individuals, were used. Implants 
and abutments were categorized by codes, including surfaces such as resorbable blasting media, sandblasted large grit and acid-
etched (SA) and hydroxyapatite coating, along with abutment structures (one-piece straight, two-piece straight, angled). The 
incidence of implant complication treatments was analysed using Kaplan–Meier curves and Cox proportional hazards regression 
(α = 0.05).
Results: The study included 2,354,706 implants. The SA group had the lowest hazard ratio for implant removal procedures 
(p < 0.0001). No significant differences were found in the risk of peri-implantitis treatments between implant surfaces (p = 0.0587). 
The risk of implant complication treatments did not differ significantly by the abutment type (p = 0.9542). The incidence rate of 
implant complication treatments was < 3.9 per 1000 implant-years across all groups.
Conclusions: The SA group showed a slightly lower risk of late implant loss, whereas no significant association was found for 
the abutment type groups. All implant and abutment type groups showed an incidence rate of < 3.9 per 1000 implant-years for 
complication treatments.

1   |   Introduction

Replacing missing teeth with implant-supported restorations sig-
nificantly reduces masticatory discomfort (J. H. Lee et al. 2021; 
S. Y. Lee et al. 2023). Beyond the immediate benefits of restored 

masticatory function, the long-term success of implants depends 
on a variety of factors, making it a critical area of research. 
While osseointegration remains crucial, dental implant re-
search has simultaneously expanded to explore implant failure 
and associated risk factors (Carra et al. 2023; Huang et al. 2022). 
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Early implant failures, often linked to operational trauma or 
contamination, differ from late failures, which typically arise 
from biological or mechanical issues, including peri-implantitis 
and excessive occlusal load (Derks et al. 2015). The likelihood 
of implant failure can be influenced by patient-related factors 
such as smoking, dietary preferences, history of periodontitis, 
systemic health and bone quality, as well as operator-related fac-
tors such as experience, implant geometry and restoration type 
(Dreyer et al. 2018; J. J. Kim et al. 2020; Roccuzzo et al. 2022; 
Serroni et al. 2024; Yoon et al. 2011). Notably, the intrinsic prop-
erties of implant restoration, particularly the implant surface 
and abutment types, are pivotal in determining implant success 
(J. H. Lee et al. 2020; S. Y. Lee et al. 2016).

Various modifications of titanium implant surfaces have 
been  developed to improve osseointegration (Albrektsson and 
Wennerberg 2004; Cochran et al. 2002). Sandblasting with large 
grit and acid etching (SA) is a common method for roughen-
ing titanium implants. This process involves altering the mi-
crostructure of the implant through sandblasting, followed by 
acid etching to create micro concavities (Barfeie, Wilson, and 
Rees  2015). Another approach involves hydroxyapatite (HA) 
coatings, which reflect the primary composition of the bone and 
are often used when fast osseointegration is essential (Dalton 
and Cook  1995; Oonishi et al.  1989; Sun et al.  2001; Xuereb, 
Camilleri, and Attard  2015; Yeo  2020; Yeung et al.  2013). 
Biocompatible and resorbable blasting media (RBM), including 
calcium phosphate particles, are also used and have been shown 
to enhance initial bone formation and accelerate the rate of 
bone integration around the implant (Citeau et al. 2005; Piattelli 
et al. 2002; Sanz et al. 2001). Implants with these surfaces can 
be mounted with abutments of various shapes and structures 
(Sailer et al.  2022). Pre-made stock abutments can generally 
be categorized into one-piece straight, two-piece straight and 
two-piece angled. Differences in stress distribution in the area 
surrounding the implant may exist between one-piece and two-
piece abutments (Hajimiragha et al. 2014), whereas angled abut-
ments may be associated with mechanical complications such as 
screw loosening (Pitman et al. 2022).

Although rough and modified surfaces offer several advan-
tages over smooth surfaces in dental implants (Jemt 2016, 2018), 
studies comparing implant complications among various types 
of modified surfaces are scarce. Moreover, the abutment type 
could also affect clinical outcomes (Hajimiragha et al.  2014), 
warranting further research. Analysing large-scale data can sig-
nificantly help in understanding these associations. This nation-
wide population-based cohort study aimed to assess the risk of 
late implant loss and peri-implantitis based on implant surfaces 
and abutment types in the elderly population using a big data 
analysis approach.

2   |   Materials and Methods

2.1   |   Study Design and Data Source

This observational cohort study analysed data obtained from the 
Korean National Health Insurance Service (NHIS) and National 
Health Screening databases. The Korean NHIS, a government-
mandated health insurance coverage, encompasses the entire 

population of Korea, which is approximately 50 million people. 
This database provides comprehensive demographic details, 
along with the medical records and expenses of the enrollees, 
including diagnoses, examinations, prescriptions and medical 
procedures. The diagnoses in this database were classified using 
the International Classification of Diseases, Tenth Revision 
(ICD-10), Clinical Modification codes. Furthermore, data from 
the National Health Screening Database, which is linked to 
the NHIS database, were utilized. Enrollees of the NHIS aged 
40 years or older are typically recommended to undergo bien-
nial health screenings. These health examinations encompass 
anthropometric measurements, blood pressure assessments 
and laboratory tests. The study adhered to the principles of 
the Declaration of Helsinki and was exempt from review by 
the Institutional Review Board (approval number: ERI21016) 
owing to the use of a de-identified and anonymized dataset. This 
study was conducted in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
Reporting Guidelines (von Elm et al. 2008).

2.2   |   Study Population and Dental Implants

The dental implant insurance coverage system by NHIS, initi-
ated on 1 July 2014, currently targets patients aged 65 years and 
above. The lower age limit for eligibility for dental implant insur-
ance coverage was 75 years in the first year of launch, reduced 
to 70 years in the second year and 65 years from the third year 
onwards. Insurance coverage requirements were (1) applicable 
only to partially edentulous arches; (2) limited to two implants 
per patient for life; and (3) restorative procedures restricted to 
cement-retained prostheses using abutments and non-precious 
metal-ceramic crowns, with screw access channels in crowns 
allowed. Implants were excluded from coverage in the following 
cases: (1) completely edentulous arch; (2) zygomatic implants; (3) 
one-piece implants with abutment portion; (4) crowns made of 
materials other than non-precious metal-ceramic crowns; and 
(5) other superstructures such as attachments. NHIS-covered 
dental implants meeting the aforementioned criteria can be re-
stored in any form, including single crowns, multi-unit crowns 
or fixed partial dentures. For insurance claims on dental im-
plants, implant and abutment products were claimed along with 
their respective service fees. Eligible implants and abutment 
products were specified by codes, with implants categorized by 
the surface type and abutments categorized by the structure.

This study included data from individuals aged ≥ 65 who un-
derwent NHIS-covered implant procedures from July 2014 to 
December 2019. The implants and abutments used were based 
on the NHIS-classified product codes. Implant surfaces in-
cluded (1) RBM, (2) SA and (3) HA. Pre-made stock abutment 
structures included (1) one-piece straight (one-piece group), (2) 
two-piece straight (two-piece group) and (3) two-piece angled 
(angled group). Table S1 provides a list of implant manufacturers 
and brands categorized by surface type, as registered under the 
reimbursement items in the NHIS. Implants were excluded if 
they (1) experienced early failure before restoration delivery, (2) 
were restored with other types of abutments such as customized 
computer-aided-design/manufacturing abutments, (3) were not 
completed with prosthetic restorations by the inclusion period 
(December 2019) or (4) were fitted in patients with a diagnosis of 
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oral cancer from 2012 up to the time prior to the completion of 
the implant restoration. Records of the included implants were 
reviewed from the date of restoration delivery until the end of 
the study period (December 2020).

2.3   |   Study Outcomes

The primary outcome of this study was ‘implant complication 
treatments’, which involved ‘implant removal procedures’ and 
‘peri-implantitis treatments’ during the follow-up period. The 
incidence of these outcomes was identified through insurance 
billing prescriptions, and the appropriateness of each prescrip-
tion was meticulously reviewed and managed by the Health 
Insurance Review and Assessment Service. If any inappropriate 
prescriptions were detected during the review, corrective actions 
were made, and the billed amounts were adjusted accordingly.

Implant removal procedures were categorized as either simple 
or complex. ‘Simple implant removal’ was identified in cases 
in which the implant exhibited mobility and could be removed 
without the need for specialized instruments. Therefore, im-
plants prescribed for simple removal were defined as having 
experienced ‘osseointegration loss’ (Mombelli and Lang 1994). 
‘Complex implant removal’ involved implant and abutment 
fractures, nerve damage and peri-implantitis without mobility, 
requiring the use of a trephine burr or a dedicated removal kit. 
Furthermore, implants that underwent either simple or complex 
removal were considered to have experienced ‘late implant loss’.

‘Peri-implantitis treatments’ were defined as the occurrence of 
‘peri-implant osteoplasty’, ‘implant surface decontamination’, 
or both. Peri-implant osteoplasty was indicated in cases with a 
probing depth of over 5 mm around the implant and marginal 
bone loss exceeding one-third of the implant length. This pro-
cedure involves removing the infrabony defects while restoring 
the physiological contours of the alveolar bone, and may include 
both osteoplasty (i.e., reshaping or sculpting of the bone) and 
bone resection, during which the supporting bone is removed. 
Implant surface decontamination included surface cleaning, de-
toxification and threadoplasty of the implant surface.

2.4   |   Covariates

This study utilized the NHIS database to gather extensive demo-
graphic and lifestyle data. Regarding income level, the bottom 
25% of individuals and medical aid beneficiaries were classified 
as low income. Residence areas were categorized as metropol-
itan cities and other regions. Disability status was determined 
based on whether disability was recorded in the NHIS. Based on 
the ICD-10 classification, this study identified several comorbid-
ities. Type 2 diabetes mellitus was determined by two or more 
claims with the codes ‘E11’, ‘E12’, ‘E13’ or ‘E14’ as the main diag-
nosis. Hypertension was identified by two or more claims with 
the codes ‘I10’, ‘I11’, ‘I12’, ‘I13’ or ‘I15’. Dyslipidemia required 
two or more claims with code ‘E78’. Cancer was recognized with 
at least one claim using ‘V193’ and the codes ‘C00’–‘C99’. Stroke 
was determined by one or more claims with codes ‘I63’ or ‘I64’. 
Osteoporosis required two or more claims with the codes ‘M80’, 
‘M81’ or ‘M82’. The types of teeth where the implants were 

placed were categorized by their location: maxilla, mandible, 
left side, right side, anterior and posterior.

2.5   |   Statistical Analysis

SAS software (version 9.4; SAS Institute, Cary, NC) was used 
for statistical analysis. Baseline characteristics of the included 
implants were analysed using the Chi-squared test. The inci-
dence of implant complication treatments (implant removal 
procedures and/or peri-implantitis treatments) was analysed 
according to the study population characteristics. To identify 
significant covariates, continuous variables were compared 
using the independent t-test and presented as mean ± standard 
deviation, whereas categorical variables were evaluated using 
the Chi-squared test and presented as numbers (percentages). 
Kaplan–Meier cumulative curves were employed to illustrate 
the cumulative incidence probability of implant complication 
treatments for different implant surfaces and abutment types, 
with the log-rank test applied for group comparisons. In cases 
where repeated prescriptions occurred for the same implant, 
the analysis was based on the date of the first prescribed code 
for the complication. The incidence rate of implant complica-
tion treatments was determined by dividing the total number 
of such events by the cumulative duration of follow-up, pre-
sented as per 1000 implant-years. The Cox proportional hazards 
regression model was used to assess the relationship between 
implant surfaces, abutments and the likelihood of implant com-
plication treatments, and hazard ratios (HRs) and 95% confi-
dence intervals (CIs) are reported. Clinically relevant covariates 
were adjusted in a hierarchical manner. Model 1 was an unad-
justed model. Covariates were added in stages: first, sex and age 
(Model 2); then income, residence, disability status and systemic 
health conditions (diabetes, hypertension, dyslipidemia, cancer, 
stroke, and osteoporosis; Model 3); and finally, the type of tooth 
restored (maxillary, mandibular, anterior and posterior; Model 
4). Interaction terms between implant surfaces and abutment 
types were tested. The association of the combined implant sur-
face and abutment types with the risk of implant complication 
treatments was also investigated. Additionally, to focus on os-
seointegration loss, the association with the risk of simple im-
plant removal was investigated. Statistical significance was set 
at p < 0.05.

3   |   Results

Initial participants were those registered in the NHIS with an 
implant placement code between 2014 and 2019 and ≥ 65 years 
(implants, n = 3,038,622; patients, n = 1,757,851). Following the 
application of the exclusion criteria (implants, n = 683,916; pa-
tients, n = 371,281), the final study cohort comprised 2,354,706 
implants of 1,386,570 patients (Figure  1). The most prevalent 
implant surface was SA (86.7%), followed by RBM (9.52%) and 
HA (3.78%). Two-piece abutments were used to restore 79.9% 
of the included implants. The distribution of the restored teeth 
by implant surface and abutment type is presented in Table 1. 
Additionally, the distribution of implant placement and resto-
ration loading years according to implant surface and abutment 
type is provided in Table S2. At the patient level, the mean age 
of the study population was 72.11 ± 5.23 years. Out of the total 
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1,386,570 patients, 679,296 (48.99%) were men, and 613,165 
(44.22%) resided in urban areas. Detailed patient-level informa-
tion is presented in Table S3.

Out of a total of 2,354,706 implants, implant complication treat-
ments occurred in 14,440 cases (0.61%) during a mean follow-up 
period of 2.84 ± 1.25 years. The crude number (percentage) of 
events for implant removal procedures was 12,412 (0.53%), with 
8770 (0.37%) being simple implant removals and 3642 (0.15%) 
being complex implant removals. Peri-implantitis treatments 
occurred in 2137 cases (0.09%). The crude incidence of implant 
complication treatments based on study population charac-
teristics is presented in Table  S3. Complications were signifi-
cantly more common in men, individuals ≥ 75 years and those 
residing in urban areas (p < 0.0001). A higher incidence was 
noted in patients with disabilities and in those diagnosed with 
diabetes, hypertension or cancer (p < 0.01). Compared with no-
complication implants, implants with complications comprised 
a higher proportion of maxillary implants (p < 0.0001).

Figure 2 presents the cumulative incidence probability curves of 
implant complication treatments based on the implant surfaces 
and abutment types. The results of the log-rank tests indicated 

significant differences in the incidence of implant complication 
treatments across the different surface groups (p < 0.0001), with 
the SA surface group showing the lowest incidence of simple im-
plant removal (p < 0.0001). However, no significant differences 
were observed between the surfaces regarding the cumulative 
incidence probability of peri-implantitis treatments (p = 0.0587). 
Additionally, there were no significant differences in the inci-
dence of implant complication treatments among the different 
abutment type groups (p = 0.9811). The 6-year cumulative in-
cidence probability of implant complication treatments did not 
exceed 0.03 for all types of implant surfaces and abutments.

Figure 3 details the incidence of implant complication treat-
ments based on implant surfaces and abutment types. Both 
the crude percentage (%) of events in each group and the 
crude incidence rate per 1000 implant-years are presented in 
the figure. After adjusting for potential confounding factors 
(Model 4), RBM surfaces had a 1.841-fold higher risk of im-
plant removal procedures compared with SA surfaces, with a 
particularly higher risk (2.365-fold) of simple implant removal 
(p < 0.0001). Similarly, HA surfaces showed a 1.424-fold 
higher risk of implant removal procedures and a 1.484-fold 
greater risk of simple implant removal compared with SA 

FIGURE 1    |    Flowchart of the study population. HA, hydroxyapatite coating; NHIS, National Health Insurance Service; RBM, resorbable blast 
media; SA, sandblasting with large grit and acid etching.
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FIGURE 2    |     Legend on next page
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surfaces (p < 0.0001). However, implants with an RBM surface 
showed a lower HR for complex implant removal than those 
with other surfaces (p < 0.0001). HA surface showed 1.264 
(1.009–1.584) of adjusted HR (95% CI) of peri-implantitis treat-
ments. However, there were no statistically significant differ-
ences in the incidence of peri-implantitis treatments between 
implant surfaces (p = 0.0587). As for the abutment types, 
the risk of implant removal procedures was not associated 
with the abutment type (p = 0.653). However, upon detailed 

analysis, the one-piece type showed a higher risk of simple 
implant removal but a lower risk of complex implant removal 
(p < 0.0001). No significant differences in peri-implantitis 
treatment were observed among the different abutment types 
(p = 0.2054). The adjusted HR values of Models 2 and 3 are 
presented in Table S4.

Figure 4 illustrates the association between combined implant 
surface and abutment type groups and the risk of implant 

FIGURE 2    |    Kaplan–Meier curves showing cumulative incidence probability of implant complication treatments. HA, hydroxyapatite 
coating; RBM, resorbable blast media; SA, sandblasting with large grit and acid etching. (A) Implant complication treatments (implant removal 
procedures and/or peri-implantitis treatments) according to implant surface groups. (B) Implant removal procedures according to implant 
surface groups. (C) Simple implant removal (osseointegration loss) according to implant surface groups. (D) Complex implant removal according 
to implant surface groups. (E) Peri-implantitis treatments according to implant surface groups. (F) Implant complication treatments (implant 
removal procedures and/or peri-implantitis treatments) according to abutment type groups. (G) Implant removal procedures according to 
abutment type groups. (H) Simple implant removal (osseointegration loss) according to abutment type groups. (I) complex implant removal 
according to abutment type groups. (J) Peri-implantitis treatments according to abutment type groups.

FIGURE 2    |     (Continued)
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complication treatments in Model 4. The incidence rate of 
implant complication treatments was highest for implants 
with an RBM surface restored with a one-piece straight abut-
ment, reaching 3.884 per 1000 implant-years. Furthermore, 
in the Model 4, the implants with an RBM surface and one-
piece abutment also showed the highest adjusted HR (95% 
CI) of 1.916 (1.734–2.117) compared to the implant group 
with an SA surface and a two-piece abutment (1, reference). 
Implants with SA surfaces exhibited relatively low ad-
justed HR (95% CI) values of 0.916 (0.867–0.969) for the SA 

and one-piece group, 1 (reference) for the SA and two-piece 
group and 1.044 (0.969–1.125) for the SA and angled group 
(p < 0.0001; Figure  4). Moreover, the adjusted HR values for 
simple implant removal indicated that the SA surface implant 
group with a two-piece abutment type had the lowest risk 
(p < 0.0001; Figure S1). In terms of both implant complication 
treatments and simple implant removal, the RBM group with 
all abutment types and the HA group with straight abutments 
showed significantly higher risks than those in the SA group 
with a two-piece abutment (p < 0.0001).

FIGURE 3    |    Risk of implant complication treatments according to implant surface and abutment type groups. Incidence rates are expressed 
as number per 1000 implant-years. Model 1: Unadjusted. Model 4: Adjusted for sex, age, income, residence, disability, diabetes, hypertension, 
dyslipidemia, cancer, stroke, osteoporosis and tooth type. HA, hydroxyapatite coating; RBM, resorbable blast media; SA, sandblasting with large grit 
and acid etching.

Category Treatment Group n Events
n (%)

Incidence 
rate

Hazard ratio (95% confidence interval)
Model 1 Model 4

Implant surface

Implant complication treatments
(implant removal procedures 
and/or peri-implantitis treatments)

RBM 224,169 2268 (1.01) 3.437 1.721 (1.645, 1.8) 1.702 (1.627, 1.78)

SA 2,041,481 11,613 (0.57) 1.992 1 (Ref.) 1 (Ref.)

HA 89,056 559 (0.63) 2.784 1.406 (1.292, 1.531) 1.398 (1.284, 1.522)

p < 0.0001 < 0.0001 < 0.0001

Late 
implant 
loss

Implant removal 
procedures
(simple or complex)

RBM 224,169 2075 (0.93) 3.144 1.856 (1.77, 1.946) 1.841 (1.756, 1.931)

SA 2,041,481 9853 (0.48) 1.689 1 (Ref.) 1 (Ref.)

HA 89,056 484 (0.54) 2.410 1.428 (1.303, 1.565) 1.424 (1.299, 1.56)

p < 0.0001 < 0.0001 < 0.0001

Simple implant 
removal 
(osseointegration 
loss)

RBM 224,169 1784 (0.80) 2.703 2.381 (2.26,  2.509) 2.365 (2.244, 2.492)

SA 2,041,481 6635 (0.33) 1.138 1 (Ref.) 1 (Ref.)

HA 89,056 351 (0.39) 1.748 1.488 (1.336, 1.657) 1.484 (1.333, 1.652)

p < 0.0001 < 0.0001 < 0.0001

Complex implant 
removal

RBM 224,169 291 (0.13) 0.441 0.788 (0.699, 0.889) 0.78 (0.692, 0.879)

SA 2,041,481 3218 (0.16) 0.552 1 (Ref.) 1 (Ref.)

HA 89,056 133 (0.15) 0.662 1.307 (1.099, 1.555) 1.304 (1.097, 1.552)

p 0.0058 < 0.0001 < 0.0001

Peri-implantitis treatments

RBM 224,169 201 (0.09) 0.303 0.948 (0.82, 1.097) 0.922 (0.797, 1.066)

SA 2,041,481 1857 (0.09) 0.318 1 (Ref.) 1 (Ref.)

HA 89,056 79 (0.09) 0.392 1.291 (1.031, 1.617) 1.264 (1.009, 1.584)

p 0.9606 0.0589 0.0587

Abutment type

Implant complication treatments
(implant removal procedures 
and/or peri-implantitis treatments)

1-piece 316,973 2027 (0.64) 2.140 0.987 (0.941, 1.034) 1 (0.954, 1.048)

2-piece 1,881,660 11,453 (0.61) 2.160 1 (Ref.) 1 (Ref.)

Angled 156,073 960 (0.62) 2.174 1.006 (0.942, 1.075) 0.99 (0.926, 1.057)

p 0.1202 0.8272 0.9542

Late 
implant 
loss

Implant removal 
procedures
(simple or complex)

1-piece 316,973 1770 (0.56) 1.868 1.005 (0.955, 1.057) 1.014 (0.964, 1.067)

2-piece 1,881,660 9825 (0.52) 1.852 1 (Ref.) 1 (Ref.)

Angled 156,073 817 (0.52) 1.849 0.998 (0.93, 1.072) 0.975 (0.908, 1.048)

p 0.0323 0.981 0.653

Simple implant 
removal 
(osseointegration 
loss)

1-piece 316,973 1377 (0.43) 1.453 1.138 (1.074, 1.206) 1.146 (1.082, 1.215)

2-piece 1,881,660 6807 (0.36) 1.283 1 (Ref.) 1 (Ref.)

Angled 156,073 586 (0.38) 1.326 1.034 (0.95, 1.125) 1.009 (0.927, 1.098)

p < 0.0001 < 0.0001 < 0.0001

Complex implant 
removal

1-piece 316,973 393 (0.12) 0.415 0.712 (0.641, 0.791) 0.722 (0.65, 0.802)

2-piece 1,881,660 3018 (0.16) 0.569 1 (Ref.) 1 (Ref.)

Angled 156,073 231 (0.15) 0.523 0.918 (0.803, 1.049) 0.899 (0.786, 1.029)

p < 0.0001 < 0.0001 < 0.0001

Peri-implantitis treatments

1-piece 316,973 270 (0.09) 0.284 0.871 (0.766, 0.991) 0.906 (0.796, 1.03)

2-piece 1,881,660 1718 (0.09) 0.323 1 (Ref.) 1 (Ref.)

Angled 156,073 149 (0.10) 0.336 1.041 (0.88, 1.23) 1.069 (0.903, 1.264)

p 0.4652 0.0862 0.2054
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4   |   Discussion

This nationwide, population-based cohort study revealed signif-
icant differences in the incidence of late implant loss (implant 
removal procedures) among the implant surface groups, 
although no significant difference was found in the incidence 
of peri-implantitis treatments. Different types of abutments did 
not show a significant association with the risk of complications. 
Notably, all types of implant surfaces and abutments showed a 
low incidence of complication treatments during follow-up pe-
riods of up to 6 years. The highest incidence rate was 3.884 per 
1000 implant-years, observed in the RBM surface implant group 
restored with a one-piece abutment.

SA implants showed the lowest incidence of late implant 
loss among the surfaces studied. Although many studies 
have compared smooth and rough surfaces and reported the 
individual outcomes of several rough surfaces (Jemt  2016, 
2018, 2019; Raabe et al. 2021; van Velzen et al. 2015), studies 
comparing survival rates across various types of rough im-
plant surfaces are scarce (H. C. Kim et al.  2017). This study 
leveraged national-level big data, providing unique opportu-
nities for such comparisons. HR analysis revealed that RBM 
and HA surfaces had a higher risk of late implant loss (implant 

removal procedures) and osseointegration loss (simple implant 
removal) compared to SA surfaces. Although SA surfaces that 
underwent acid etching showed relatively superior results 
(van Velzen et al. 2015), RBM and HA are also noted for their 
biocompatibility and ability to facilitate in vivo osseointe-
gration (Novaes et al.  2002; Sanz et al.  2001). In the present 
study, across all implant surface groups, less than 1% (crude 
percentage) of late implant loss was observed during the fol-
low-up period of up to 6 years (Figure 3), indicating successful 
performance.

The ‘simple implant removal’ code, used exclusively when an 
implant exhibited mobility and was able to be removed without 
instruments such as a trephine burr or removal kit, may serve as 
an indicator of osseointegration loss (Mombelli and Lang 1994). 
Because osseointegration occurs at the implant surface, the 
code's prescription can be directly linked to the type of implant 
surface. This relationship may underscore the importance of the 
implant surface type in its stability and osseointegration main-
tenance (J. C. Kim, Lee, and Yeo  2022). In contrast, ‘complex 
implant removal’ may become necesssary due to various causes, 
including biological complications such as peri-implantitis and 
nerve damage or mechanical complications such as abutment 
screw fracture, abutment fracture, implant fracture or wear of 

FIGURE 4    |    Associations of combined implant surfaces and abutment types with risk of implant complication treatments (implant removal 
procedures and/or peri-implantitis treatments; p < 0.0001 for aHR). Incidence rates are expressed as number per 1000 implant-years. The model 
(Model 4) was adjusted for sex, age, income, residence, disability, diabetes, hypertension, dyslipidemia, cancer, stroke, osteoporosis and tooth type. 
aHR, adjusted hazard ratio; CI, confidence interval; HA, hydroxyapatite coating; RBM, resorbable blast media; SA, sandblasting with large grit and 
acid etching.
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the internal threads of the implant (Tafuri et al.  2023). This 
makes the cause or situation of complex implant removals dif-
ficult to ascertain, potentially making them less directly related 
to the implant surface or abutment type.

When comparing the outcomes associated with peri-implantitis, 
HA surfaces displayed a slightly higher HR (1.264, CI: 
1.009–1.584) for ‘peri-implantitis treatments’ than SA surfaces 
(1, reference), indicating the possibility of a greater prevalence 
of significant peri-implantitis-related complications on HA 
surfaces. HA coatings on titanium implants improve bone at-
tachment and prevent the release of metal ions into the bone 
(Dalton and Cook 1995; Oonishi et al. 1989; Yeo 2020). However, 
HA coatings have been associated with delamination from the 
titanium implant surface (Sun et al.  2001), which can impede 
bone healing and induce inflammation in the peri-implant tis-
sue (Sun et al.  2001; Yeung et al.  2013). Although the HR for 
HA was slightly higher than that for SA in this study, the dif-
ference was not significant (p = 0.0587). Furthermore, as shown 
in Figure 2E, the difference in cumulative incidence probability 
was very small, suggesting that the difference in the incidence 
of peri-implantitis treatments among the three surfaces are 
minimal.

Regarding the abutment type, there was no significant differ-
ence in late implant loss or peri-implantitis among the groups. 
When analysing late implant loss as ‘simple’ and ‘complex im-
plant removals’ separately, one-piece abutments showed slightly 
higher osseointegration loss compared with two-piece types. 
This may be attributed to the variations in stress distribution 
around the implant, which have been reported to differ between 
one-piece and multi-piece abutments (Hajimiragha et al. 2014). 
Conversely, instances of ‘complex implant removal’ were more 
frequent with two-piece abutments, possibly due to mechan-
ical complications such as fractures in the relatively smaller 
screws or the abutment walls (Sailer et al. 2022). Nonetheless, 
when considering both ‘simple’ and ‘complex implant remov-
als’ together, the type of abutment did not significantly affect 
the overall implant survival rates. Additionally, the incidence 
of peri-implantitis treatments showed no association with abut-
ment type.

When evaluating the association between combined groups and 
the risk of implant complication treatments, the most commonly 
used combination—SA surface implants (86.7%) restored with a 
two-piece abutment (79.91%), was used as the reference for cal-
culating HR values (Figure 4). Implants with an RBM surface re-
stored with a one-piece abutment were associated with a 1.916-fold 
higher risk of complications compared to SA surface implants with 
a two-piece abutment, even after adjusting for potential confound-
ing factors. However, the crude incidence rate for implants with 
an RBM surface and a one-piece abutment remained very low, at 
3.884 per 1000 implant-years, despite the higher risk association.

This study had certain limitations. First, factors such as bone 
height, quality, grafting, implant length, diameter, design 
and restoration splinting were unavailable in the NHIS data. 
Second, although evaluating implant surfaces, variations in 
the materials and techniques used by different companies 
for surface preparation were not accounted for, as specific 
brands or companies were not disclosed by the NHIS. Third, 

the history of smoking and periodontitis was not considered. 
Specifically, a history of periodontitis has been reported to be 
associated with the incidence of peri-implantitis and implant 
loss (Roccuzzo et al.  2022; Serroni et al.  2024). Therefore, 
considering periodontitis history would have been helpful 
in isolating the independent association between implant 
complications and implant surfaces and abutment types. 
However, the diagnosis and prescriptions for periodontitis 
included in the NHIS data were mostly made by specialists 
in other fields or general practitioners rather than periodon-
tists. Given the complexity of diagnosing periodontal disease, 
the appropriateness of these diagnoses is difficult to ensure. 
Therefore, this study focused on clear interventions such as 
‘implant removal procedures’ and excluded diagnostic infor-
mation related to periodontal disease. Future research focus-
ing on the relationship between a history of periodontitis and 
implant complications, along with detailed nationwide big 
data analysis, is required.

Despite the limitations, a major strength of this study lies in its 
large, nationwide, population-based sample size, including over 
2 million implants with follow-up data of up to 6 years. In ad-
dition, unlike most clinical studies conducted in academic set-
tings with selective patient criteria, this study mirrors real-world 
scenarios by including a broad range of patients and clinicians, 
encompassing both specialists and general dentists. Its primary 
criterion for late implant loss, based on the straightforward met-
ric of ‘implant removal procedures’, reduces interpretation bias 
among practitioners.

A further strength of this study lies in the unique characteris-
tics of the NHIS database. The NHIS in South Korea operates 
under a unique system in which all healthcare institutions are 
legally required to be designated as NHIS providers. This man-
dates institutions to treat NHIS-enrolled patients and receive 
reimbursement fees determined by the government. The re-
imbursement claims are meticulously reviewed by the Health 
Insurance Review and Assessment Service. Additionally, 
NHIS enrollment is mandatory for all citizens. Strict gov-
ernment regulation prevents clinicians from arbitrarily pre-
scribing non-reimbursable treatments. Consequently, the 
NHIS database used in this study is expected to have mini-
mal missing data, such as unauthorised non-reimbursement 
prescriptions.

5   |   Conclusions

Based on the analysis of follow-up data from over 2 million 
implants for up to 6 years, this study found that the implant 
surface type was associated with the risk of late implant 
loss, whereas no significant association was found between 
the abutment type and the risk of late implant loss. Implants 
with RBM and HA surfaces had a 1.8- and 1.4-fold higher 
risk of late implant loss, respectively, compared to SA sur-
faces. However, despite the slightly superior results of the SA 
group, both RBM and HA groups also showed low incidences 
of implant removal procedures, indicating that all three sur-
face groups are likely to function successfully. No significant 
differences were observed in the incidence of peri-implantitis 
treatments among the different implant surface and abutment 
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type groups. Further research with extended follow-up peri-
ods is needed.
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Risk of Late Implant Loss and Peri-Implantitis Based on Dental Implant Surfaces and 
Abutment Types: A Nationwide Cohort Study in the Elderly 

INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• Some questions may have more than one correct answer; in which case you must mark all the correct answers. 

Introduction 
Question 1: Is it TRUE that early and late implant failures 
have the same root causes? 
 

A: YES 
B: NO 

 

Question 2: What can influence the likelihood of implant 
failures? 
 

A: Peri-implantitis 
B: Patient-related factors 
C: Operator-related factors 
D: Intrinsic properties of the implant restoration 

 

Question 3: What are the common methods used for 
roughening titanium implant surfaces? 
 

A: Sandblasting with large grit and acid etching (SA) 
B: Titanium plasma spraying 
C: Hydroxyapatite (HA) coatings 
D: Biocompatible and resorbable blasting media 

(RBM) 
 

Question 4: What are the different types of pre-made stock 
abutments that implants with various surface treatments 
can be mounted with? 
 

A: One-piece angled 
B: One-piece straight 
C: Two-piece straight 
D: Two-piece angled 

 
Question 5: TRUE or FALSE? 
"This nationwide population-based cohort study aimed to 
assess the risk of late implant loss and peri-implantitis based 
on implant surfaces and abutment types in the elderly 
population using a big data analysis approach." 
 

A: TRUE 
B: FALSE 

 
 
 
 
 
 
 
 
 
 
 
 
 

Materials and methods 
Study population and dental implants 

Question 6: What was NOT one of the insurance coverage 
requirements for dental implants? 
 

A: Both partially and completely edentulous arches 
B: Limited to two implants per patient for life 
C: Restorative procedures restricted to cement-

retained prostheses  
 

Question 7: In what cases were implants excluded from 
coverage? 
 

A: Completely edentulous arch 
B: Zygomatic implants  
C: One-piece implants with abutment portion  
D: Crowns made of materials other than non-precious 

metal-ceramic crowns  
E: Other superstructures such as attachments 

 

Study Outcomes 
Question 8: What were the primary outcomes evaluated in 
this study? 
 

A: Implant removal procedures   
B: Patient satisfaction 
C: Peri-implantitis treatments  
D: Prosthetic complications 

 

Question 9: Is it TRUE that complex implant removal 
involved implant and abutment fractures, nerve damage and 
peri-implantitis WITH mobility? 
 

A: YES 
B: NO 

 

Covariates 
Question 10: Which of the following covariates were 
considered in this study based on the data from the NHIS 
database? 
 

A: Income level with the bottom 35% of individuals 
and medical aid beneficiaries classified as low 
income 

B: Residence areas categorized as metropolitan cities 
and other regions  

C: Disability status determined based on whether 
disability was recorded in the NHIS 

D: Comorbidities were not included  
 

THE END 



1 
B10(25) Part 2 of2 

QUESTIONNAIRE 
B10(25) Part 2 of 2 

Risk of Late Implant Loss and Peri-Implantitis Based on Dental Implant Surfaces and 
Abutment Types: A Nationwide Cohort Study in the Elderly 

INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• Some questions may have more than one correct answer; in which case you must mark all the correct answers. 

Results 
Question 1: What was the most prevalent implant surface 
included in the final study cohort? 
 

A: Resorbable blast media (RBM) - 9.52% 
B: Sandblasting with large grit and acid etching (SA) - 

86.7% 
C: Hydroxyapatite coating (HA) - 3.78% 
D: Titanium plasma spraying - 10% 

 
Question 2: Which abutment type was used to restore most 
of the included implants? 
 

A: One-piece  
B: Two-piece 
C: Customized CAD/CAM abutments 

 
Question 3: Out of the total number of implants studied, 
what percentage experienced implant complication 
treatments over the mean follow up period? 
 

A: 0.51% 
B: 0.55% 
C: 0.61% 
D: 0.65%  

 
Question 4: : Fill in the missing percentages. 
 
The percentage of events for implant removal procedures 
was …………………………………….. ,with  ……………….. being 
simple implant removals and …………………………………… being 
complex implant removals? 
 

A: 0.53% / 0.37% / 0.15% 
B: 0.93%/ 0.61% / 0.31% 
C: 0.10% / 0.075% / 0.024% 

 
Question 5: Which of the following statements are TRUE? 
 

A: Complications were significantly more common in 
men 

B: A higher incidence was noted in patients diagnosed 
with diabetes, hypertension or cancer 

C: A higher proportion of complications was noted in 
maxillary implants   
 
 
 
 

Discussion 
Question 6: Which implant surface and abutment 
combination had the highest incidence rate of implant 
complication treatments per 1000 implant-years? 
 

A: SA surface with two-piece abutment 
B: RBM surface with one-piece straight abutment 
C: HA surface with angled abutment 
D: SA surface with one-piece straight abutment  

 
Question 7: Which implant surface group showed the lowest 
incidence of late implant loss in this study? 
 

A: Resorbable blast media (RBM) 
B: Sandblasting with large grit and acid etching (SA) 
C: Hydroxyapatite coating (HA) 
D: Titanium plasma spraying 

 
Question 8: Based on the hazard ratio (HR) analysis, how did 
the risk of late implant loss and osseointegration loss 
compare between RBM/HA surfaces and SA surfaces? 
 

A: RBM and HA surfaces had a higher risk compared to 
SA surfaces 

B: RBM and HA surfaces had a lower risk compared to 
SA surfaces 

C: There were no significant differences in risk 
between the implant surface groups 

D: The study did not evaluate osseointegration loss 
separately from overall implant removal 

 
Question 9: TRUE or FALSE? 
 
“The difference in the incidence of peri-implantitis 
treatments among the three surfaces was significant”. 
 

A: TRUE 
B: FALSE 

 
Question 10: TRUE or FALSE? 
"Regarding the abutment type, there was a significant 
difference in late implant loss or peri-implantitis among the 
groups." 
 

A: TRUE 
B: FALSE 
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Question 11: What was the most used implant surface and 
abutment type combination in this study? 
 

A: RBM surface with one-piece abutment 
B: SA surface with two-piece abutment 
C: RBM surface with two-piece abutment 
D:  SA surface with one-piece abutment 

 
Question 12: What were some limitations of this study 
acknowledged by the authors? 
 

A: Bone height unavailability 
B: Variations in materials 
C: Medication history   
D: Smoking history 

 
Question 13: Fill in the missing word. 
 
“Specifically, a history of ………………… has been reported to 
be associated with the incidence of peri-implantitis and 
implant loss”. 
 

A: Smoking 
B: Diabetes  
C: Periodontitis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Question 14: What were the major strengths of this study? 
 

A: Small, selective sample focusing on specific implant 
systems 

B: Short follow-up period of 6 months 
C: Large, nationwide, population-based sample size 
D: Long follow-up of up to 6 years 

 
Conclusions 

 
Question 15: TRUE or FALSE?  
 
"According to the study of over two million implants 
followed for up to six years, both implant surface type and 
abutment type were significantly associated with the risk of 
late implant loss." 
 

A: TRUE 
B: FALSE 

 
 

THE END 
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