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osseointegration of titanium dental
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Abstract

Background: This study aimed to investigate the effects of ultraviolet (UV) photofunctionalization on the stability of
implants during the early phase in the posterior region of the maxilla. The study was a randomized double-blinded
clinical trial. Half of the participants received conventional commercial implants while the other half received UV-
irradiated implants. The surgical sites were classified into three bone quality groups (II, III, IV) based on the grayscale
value measured on cone-beam computed tomography. The values obtained from resonance frequency analysis
were recorded immediately after implant placement and at 4 weeks and at 4 months postoperatively. The marginal
bone level of the implants was evaluated using periapical radiographs at 4 weeks, 4 months, and 1 year
postoperatively.

Results: Fifty-seven implants placed in 34 participants were analyzed in this study. In group III, significant
differences were observed in terms of the differences of resonance frequency analysis values at 4 weeks (p = 0.004)
and 4 months (p = 0.017) postoperatively. In group II, the UV-treated group showed significantly lesser bone loss at
4 weeks post-operatively (p = 0.037).

Conclusions: Within the limitation of the present study, we concluded that UV surface treatment on implants may
increase the initial stability in the region of the maxilla with poor bone quality.

Keywords: Photofunctionalization, Early osseointegration, Titanium dental implants, Maxillary posterior region, Bone
quality

Background
Successful osseointegration is one of the key factors for
the clinical success of dental implant treatment [1]. The
rate and quality of osseointegration are intimately re-
lated to the surface characteristics of the implants: the
composition, hydrophilicity, and roughness of implant
surfaces play important roles in implant-tissue inter-
action and osseointegration [2]. Therefore, various sur-
face treatment methods have been introduced and

developed over the past years to improve the osseointe-
gration of dental implants.
Currently, the sandblasted and acid-etched (SLA)

treatment is a widely used surface treatment method for
dental implants; a retrospective analysis revealed excel-
lent 10-year survival and success rates of SLA surface
implants [3]. However, the application of implant treat-
ments remains limited in certain clinical situations [4].
Particularly, implants placed in areas where the alveolar
bone is of poor quality or quantity, such as the posterior
maxilla or areas that have undergone bone grafting, ex-
hibited inferior survival and/or success rates.
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Ultraviolet (UV) irradiation, or photofunctionalization,
is one of the recent surface treatment methods to pro-
mote the osseointegration of implants [5]. UV treatment
reportedly increases the hydrophilicity of the implant
surface and decreases surface hydrocarbon by increasing
the recruitment, attachment, retention, proliferation, and
overall phenotype of osteogenic cells [6]. Although sev-
eral clinical studies have been conducted in an attempt
to elucidate the effectiveness of UV photofunctionaliza-
tion, most were retrospective, and the regions of implant
placement were not consistent within the oral cavity [7,
8]. Considering the inferior success rate of the implants
in the posterior maxillary regions, confining the area of
investigation to a specific site is necessary. Therefore,
the present study aimed to investigate the effects of
photofunctionalization on the stability of implants in the
posterior maxillary region with poor bone quality. The
null hypothesis was that no significant difference exists
between the UV-treated and non-treated implants in
terms of implant stability in the posterior maxillary
region.

Methods
This study involved patients who visited the Yonsei Uni-
versity Dental Hospital Department of Prosthodontics
from March 2016 to March 2018. Before enrolment in
this study, all patients were informed about all the as-
pects of the study and provided written informed con-
sent. The study protocol was in accordance with the
Declaration of Helsinki from 2013 and the CONSORT
Statement of 2010. This research was approved by the
Ethics Committee of the Yonsei University Dental Hos-
pital (IRB No. 2-2015-0042). The detailed inclusion and
exclusion criteria of the participants are summarized in
Table 1.
The study was a parallel-designed randomized double-

blinded clinical trial. Random allocation was performed
with an equal number of participants for the experimen-
tal and control groups. The effect size was expected to
be medium. Assuming a power of 0.8 and significance
level of α=0.05, a sample size of 34 implants per group
was determined. The sample size calculation was per-
formed using GPower (Heinrich-Heine University Düs-
seldorf, Software-Release 3.1).
After a research assistant picked up a random number

card prior to surgery, the experimental or control group
was determined based on the card number according to

a preformed list. The assistant received an implant fix-
ture or fixtures (TS IV; Osstem, Seoul, Korea) which was
randomly selected from each surgery case. This simple
randomization procedure was conducted for each pa-
tient; therefore, the fixtures for a participant with mul-
tiple implant installations were included in the same
group.
In order to predetermine the appropriate length and

diameter of the implants, participants underwent a
cone-beam computed tomography (CBCT) scan before
the surgery. In the UV-treated group, the implant fix-
tures were irradiated with a UV machine (TheraBeam
Affiny; Ushio Inc. Tokyo, Japan) for 15 min to achieve
the desired condition as per the manufacturer’s recom-
mendation. Subsequently, the implants were delivered to
the clinician. The clinician and the patient were blinded
to the fixture.
Implant placement was conducted according to con-

ventional procedures. Immediately after the surgery, the
surgical site was evaluated by panoramic and periapical
radiographs. Implant stability was evaluated during the
follow-up period using the resonance frequency analysis
device (Osstell; Osstell AB, Göteborg, Sweden), and the
implant stability quotients (ISQ) were recorded. The
timepoints for the measurement were immediately after
the placement of the implants, 4 weeks, and 4 months
post-operatively.
Periapical radiographs of the implants were taken at

each post-operative timepoint (4-week, 4-month, and 1-
year post-operatively) using the paralleling technique.
The digital radiographic sensor was held parallel to the
long axis of the implants with an occlusal bite jig and
the X-ray beam was directed perpendicular to the recep-
tor to clearly visualize the pitches and platforms of the
fixtures on the radiograph. A specialist trained in dental
radiology evaluated the marginal bone level of the im-
plants in each periapical radiograph. First, the whole
length of the fixtures was measured for magnification
calibration of the radiographs. Subsequently, the dis-
tance from the platform of the fixtures to marginal bone
crest was recorded mesially and distally along the axis of
the implants.
To exclude the statistical errors stem from the bone

quality of the implant areas, subgroup distribution was
performed. The surgical sites were classified into three
bone quality groups (II, III, IV) based on objective evalu-
ation of the grayscale value measured on CBCT scans

Table 1 Inclusion and exclusion criteria of the study

Inclusion criteria Exclusion criteria

Edentulous area on the posterior maxillary region Medically compromised patients with systemic conditions that can impede implant stability and
influence the treatment outcome (e.g., type II diabetes mellitus, bisphosphonate administration,
immune diseases related to bone metabolism, etc.)
Bone graft-requiring condition
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and subjective evaluation by the clinician. Specifically, a
grayscale value above 500 was classified as bone quality
group II, between 300 and 500 as group III, and below
300 as group IV. The ISQ values were measured as per
the manufacturer’s guidelines at predetermined time-
points. Subsequently, the differences between the mea-
sured values as opposed to the initial values (i.e., values
obtained immediately after the surgery) were calculated
for each parameter. These difference values were consid-
ered as the final ISQ difference data. Similarly, the differ-
ence between the measured marginal bone level at each
timepoint was regarded as bone loss. The mean value of
mesial and distal bone loss was regarded as the bone loss
for each implant.
The data were compared and then analyzed within the

same bone-quality subgroup using a statistical software
program (IBM SPSS Statistics version 23.0; IBM Corp.,
Armonk, NY). The Mann-Whitney test was individually
conducted to compare the ISQ level differences within
each bone-quality group, with the level of significance
set at α=0.05.

Results
Seventy-eight implants were placed in 44 participants.
The participants were recruited from March 2016 to
March 2018 and visited the clinic for treatment and
intervention at the time of randomization (baseline), and
4 weeks, 4 months, and 1 year after implantation. After
the 1 year of follow-up period, 21 implants were

excluded and 57 implants placed in 34 participants were
analyzed in the present study (Fig. 1). The basic informa-
tion of the participants in the control and experimental
groups is summarized in Table 2. None of the patients
had post-operative surgical complications such as dehis-
cence or edema. Table 3 shows subgroups composition
and distribution by grayscale.
There was no significant difference between the UV-

treated and control groups in terms of ISQ differences
or in marginal bone level differences (Fig. 2). In sub-
group analysis, however, the ISQ differences between
the UV-treated group and the control group were sig-
nificantly different at 4 weeks (p = 0.004) and 4 months
(p = 0.017) post-operatively in bone quality group III.
The ISQ difference was significantly larger in the UV-
treated group than in the control group (Fig. 3). No sig-
nificant differences were observed in relation to the ISQ
differences in the bone quality II and IV groups and in
bone loss in other subgroups. Group II showed signifi-
cantly more early bone loss (Fig. 4). The UV-treated
group showed significantly lesser bone loss at 4 weeks
post-operatively than the control groups. (p = 0.037).

Discussion
The null hypothesis was partially rejected as significant
differences were observed between the two groups at
certain timepoints. The achievement of a higher implant
stability in a shorter time may enable earlier loading of
dental implants, thereby facilitating the esthetic and

Fig. 1 CONSORT flow chart
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functional outcomes. The method adopted in the
present study used a simple and convenient chair-side
method of photofunctionalization to rejuvenate the sur-
face of titanium implants. As the implants were irradi-
ated with UV light for only 15 min, the protocol did not
delay the surgery time.
The bone quality should be measured and assessed to

achieve a successful dental implants procedure. Based on
the classification by Lekholm and Zarb, the most popu-
lar alveolar bone classification, the quality of residual al-
veolar bones is categorized into four types [9]. However,
this classification is not digitized and depends on the
surgeon’s discretion. Some authors proposed the evalu-
ation of alveolar bone density in the presurgical planning
stage using computed tomography (CT) [10, 11]. Indeed,
it is possible to assess bone density using CT values
(Hounsfield units: HU) and bone mineral densities ob-
tained by CT. Although the voxel values obtained from
CBCT images are not absolute, Naitoh et al. demon-
strated a high-level of correlation between the voxel
values of CBCT and bone mineral densities of multi-
slice CT [12]. A clinical study showed that using CBCT
with modified grayscale voxel values can potentially
evaluate the relative bone density of the dental alveolus
[13]. According to Mah et al., HU could be derived from
the gray levels in dental CBCT scans using linear attenu-
ation coefficients as an intermediate step and clinically
used [14, 15]. Although some differences were observed
between the actual HU and the calculated HU, the study
showed that HU from CBCT images could be used as a
criterion for bone quality classification in studies under
unified conditions. In the present study, the grayscales of
the implant areas from CBCT images were measured to
classify the subgroups. After the fixtures were implanted,
tetragonal lines were drawn in the preoperative CBCT

images according to the diameter and length of the fix-
tures along the axis of the surgical sites, and the gray
values in the tetragonal areas were subsequently calcu-
lated. These values, together with the surgeon’s discre-
tion regarding the bone quality, were considered for
subgroup classification.
Various evaluation tools exist for the evaluation of the

osseointegration; these include push-out/pull-out test,
removal torque analysis, percussion test, and histomor-
phometric analysis [16]. However, clinically available
methods are mostly limited to resonance frequency ana-
lysis or damping capacity analysis in addition to radio-
graphic analysis. The present study used resonance
frequency analysis to record the implant stability, since
the damping capacity analysis that uses Periotest (Sie-
mens AG, Benshein, Germany) could deteriorate the sta-
bility of implants, particularly those with poor initial
stability [17]. Previous studies demonstrated that the re-
sults of resonance frequency test were not correlated
with the bone quality, which led to authors focussing on
the differences in ISQ values at each timepoints rather
than the ISQ values [18, 19].
The first intervention time for the evaluation was set 4

weeks postoperatively, as it has been reported that a
“stability dip” exists at this specific timepoint [20]. The
second timepoint was set at 4 months following the sur-
gery, which is an average timepoint for implant pros-
thesis loading. In the present study, the UV-treated
group III exhibited a remarkable increase in ISQ at the
4-week post-operative timepoint compared to the con-
trol group. These indicate that UV irradiation may dra-
matically increase the implant stability. Moreover, the
improved ISQ value lasted until after 3 months, still pre-
senting a significant difference compared to the control
group. Hence, we can assume that once the implant

Table 2 Basic information of the experimental and control groups

Experimental group (n = 29) Control group (n = 28)

Gender

Male 9 6

Female 9 10

Total 18 16

Age, mean (range) 64.56 (32–88 years) 67.75 (49–80 years)

Table 3 Subgroups composition and grayscale distribution

Experimental group (n = 29) Control group (n = 28)

Bone quality (GS)

II (> 500) 13 7

III (300–500) 11 14

IV (< 300) 5 7

Total 29 28

GS, mean 466.99 442.45
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stability is achieved by means of UV irradiation, it may
last without complication until the prosthesis loading
timepoint.
Photofunctionalization improves osteogenesis around

the implant and increases interfacial bone deposition
and the marginal bone seal [21]. Additionally, it induces
denser cortical bone formation and a stiffer bone con-
nection [22]. The present study showed significantly less
marginal bone loss in the bone quality II group in the
early stage. This result suggests that UV irradiation of
the implant surface may increase the bone-to-implant
contact, especially in the early stage (4 weeks), which is
consistent with the findings of previous studies [21, 23].
No significant differences in the bone loss were observed
between UV-treated and control implants in other sub-
groups or late stages. According to a previous study,
after a healing period of 12 weeks, there was no differ-
ence in the bone-to-implant contact ratio between the
UV-treated and control groups [24]. Marginal bone loss
has a multi-factorial etiology [25]. Early crestal bone loss
may not be influenced only by infection from oral
microflora. In the long term, the cumulative effect of
chronic etiological factors, including immunological, en-
vironmental, iatrogenic, and patient factors such as mo-
tivation, smoking, bruxism, and infection/inflammation,

may influence bone loss [26]. This indicates that mul-
tiple factors can affect the 1-year results, and the effects
of photofunctionalization may not be distinguishable in
the late stage.
Puisys et al. conducted a clinical trial on photo-

activated implants [23]. In this triple-blinded random-
ized controlled study, the researchers measured removal
torque to assess bone-to-implant contact, suggesting
that unfixed fixtures for the removal torque test fully
osseointegrated after retightening. Considering the lack
of clinical studies on photofunctionalization, it would be
meaningful to compare their results with that of this
study. With respect for the pioneers to investigate the
bone-to-implant contact; however, more consensuses
and ethical considerations are needed to substantiate the
use of the removal torque technique in clinical trials. It
seems nearly impossible to apply this removal torque
method after osseointegration or to a patient plural
times along the healing periods because of ethical issues.
The low invasiveness and the need to continuously
evaluate prognosis are the main reasons why resonance
frequency- and radiographic analyses were adopted in
this study. Puisys evaluated the effect of photofunctiona-
lization in six groups, which require large sample sizes
[23]. In our study, the edentulous area on the posterior

Fig. 2 Implant stability quotient differences (a) and marginal bone level differences (b) of test versus control at each timepoint

Fig. 3 Implant stability quotient differences in each bone quality group 4 weeks (a) and 4 months (b) post-operatively
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maxillary region was the only inclusion criterion; there-
fore, the number of participants was somewhat limited.
According to Puisys, photo-activated implants showed
higher removal torque values at each time point than
control implants, indicating better implant stability than
that of control implants. This finding corresponds with
the results of the present study in that remarkable en-
hancements were observed in ISQ values and marginal
bone level at the early stages.
In this study, the null hypothesis was partially rejected

as significant differences were observed in ISQ values in
group III and in marginal bone level in group II at 4
weeks. The aforementioned parameters are multifactorial,
and ISQ values become stable as osseointegration de-
velops, indicating that the effect of photofunctionalization
would be barely observed as time passes. Similarly, the
sample size was not adequate enough to show statistically
significant differences in other subgroups.
To the best of the authors’ knowledge, only a few clin-

ical trials have evaluated the effects of photofunctionali-
zation using a randomized control design; hence, this
study is of clinical significance in this regard. However,
the present study has some limitations. As the study was
based on an implant-based rather than a patient-based
design, potential correlation factors from the same pa-
tients could not be completely excluded. The small sam-
ple size due to restricted implant area limited the
significance of out statistical results. The authors over-
looked the number of the implants, whether single- or
multiple-fixtures in a patient, could affect the results.
One-year ISQ data were excluded because of the failure
to remove the implant prosthesis or lost to follow up.
For further studies, researchers should consider of apply-
ing more direct ways such as removal torque technique
to assess the effect of photofunctionalization under fa-
vorable experimental condition. Also, it should be re-
quired that clinical trials aim at evaluating the implant
osseointegration in sites with poorer bone quality than
the posterior maxillary region, such as grafted areas,
with CBCT.

Conclusions
Based on the limitations of the present study, treatment
of the implant surface with UV irradiation exhibited pre-
dictable outcomes in terms of initial stability in the pos-
terior maxillary region. The use of UV irradiation is a
simple and inexpensive method that facilitates osseointe-
gration in compromised regions, thereby allowing a fas-
ter loading protocol.

Abbreviations
CT: Computed tomography; CBCT: Cone-beam computed tomography;
ISQ: Implant stability quotients; SLA: Sandblasted and acid-etched;
UV: Ultraviolet; HU: Hounsfield unit; GS: Grayscale

Acknowledgements
The authors thank Ushio Korea Inc. (Seoul, Korea) for the support in
conducting this study.

Authors’ contributions
Conceptualization, J.H.L.; data curation, Y.C.L. and B.C.; formal analysis, K.C.O.
and B.C.; funding acquisition, J.H.L.; investigation, B.C. and J.H.L.;
methodology, J.H.L.; project administration, J.H.L.; resources, J.H.L.; software,
J.H.L.; supervision, J.H.L.; validation, J.H.L.; visualization, Y.C.L. and J.H.L.;
writing—original draft, B.C., K.C.O., and Y.C.L.; writing—review and editing,
K.C.O. and J.H.L. The authors gave final approval and agree to be
accountable for all aspects of the work.

Funding
The funders had no role in the design of the study; in the collection,
analyses, or interpretation of data; in the writing of the manuscript; or in the
decision to publish the results.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This research was approved by the Ethics Committee of the Yonsei
University Dental Hospital (IRB No. 2-2015-0042). Each participant was in-
formed about the study and signed an informed consent form.

Consent for publication
All authors gave final approval and agree to be accountable for all aspects of
the work.

Competing interests
Bada Choi, Ye Chan Lee, Kyung Chul Oh, and Jae Hoon Lee declare that they
have no competing interests.

Fig. 4 Marginal bone level differences 4 weeks (a), 4 months (b), and 1 year (c) post-operatively

Choi et al. International Journal of Implant Dentistry            (2021) 7:37 Page 6 of 7



Received: 23 December 2020 Accepted: 12 March 2021

References
1. Yeo IL. Modifications of dental implant surfaces at the micro- and nano-

level for enhanced osseointegration. Materials (Basel). 2019;13(1):89.
2. Le Guéhennec L, Soueidan A, Layrolle P, Amouriq Y. Surface treatments of

titanium dental implants for rapid osseointegration. Dent Mater. 2007;23(7):
844–54. https://doi.org/10.1016/j.dental.2006.06.025.

3. Buser D, Janner SF, Wittneben JG, Brägger U, Ramseier CA, Salvi GE. 10-year
survival and success rates of 511 titanium implants with a sandblasted and
acid-etched surface: a retrospective study in 303 partially edentulous
patients. Clin Implant Dent Relat Res. 2012;14(6):839–51. https://doi.org/1
0.1111/j.1708-8208.2012.00456.x.

4. Roccuzzo M, Aglietta M, Cordaro L. Implant loading protocols for partially
edentulous maxillary posterior sites. Int J Oral Maxillofac Implants. 2009;
24(Suppl):147–57.

5. Ogawa T. Ultraviolet photofunctionalization of titanium implants. Int J Oral
Maxillofac Implants. 2014;29(1):e95–102. https://doi.org/10.11607/jomi.te47.

6. Aita H, Hori N, Takeuchi M, Suzuki T, Yamada M, Anpo M, Ogawa T. The
effect of ultraviolet functionalization of titanium on integration with bone.
Biomaterials. 2009;30(6):1015–25. https://doi.org/10.1016/j.biomaterials.2
008.11.004.

7. Funato A, Yamada M, Ogawa T. Success rate, healing time, and implant
stability of photofunctionalized dental implants. Int J Oral Maxillofac
Implants. 2013;28(5):1261–71. https://doi.org/10.11607/jomi.3263.

8. Hirota M, Ozawa T, Iwai T, Ogawa T, Tohnai I. Effect of
photofunctionalization on early implant failure. Int J Oral Maxillofac
Implants. 2018;33(5):1098–102. https://doi.org/10.11607/jomi.6541.

9. Lekholm UZ, G. A. Patient selection and preparation. In: Branemark P-I ZG,
Albrektsson T, editors. Tissue integrated prosthesis; osseointegration in
clinical dentistry. Chicago: Quintessence; 1985. p. 199–209.

10. Misch CE. Bone density: a key determinant for clinical success. In: Misch CE,
editor. Contemporary Implant Dentistry. St Louis: Mosby Company; 1999. p.
109–18.

11. Norton MR, Gamble C. Bone classification: an objective scale of bone
density using the computerized tomography scan. Clin Oral Implants Res.
2001;12(1):79–84. https://doi.org/10.1034/j.1600-0501.2001.012001079.x.

12. Naitoh M, Hirukawa A, Katsumata A, Ariji E. Evaluation of voxel values in
mandibular cancellous bone: relationship between cone-beam computed
tomography and multislice helical computed tomography. Clin Oral
Implants Res. 2009;20(5):503–6. https://doi.org/10.1111/j.1600-0501.2008.01
672.x.

13. Andruch K, Płachta A. Evaluating maxilla bone quality through clinical
investigation of voxel grey scale values from cone-beam computed
tomography for dental use. Adv Clin Exp Med. 2015;24(6):1071–7. https://
doi.org/10.17219/acem/28113.

14. Mah P, Reeves TE, McDavid WD. Deriving Hounsfield units using grey levels
in cone beam computed tomography. Dentomaxillofac Radiol. 2010;39(6):
323–35. https://doi.org/10.1259/dmfr/19603304.

15. Reeves TE, Mah P, McDavid WD. Deriving Hounsfield units using grey levels
in cone beam CT: a clinical application. Dentomaxillofac Radiol. 2012;41(6):
500–8. https://doi.org/10.1259/dmfr/31640433.

16. Swami V, Vijayaraghavan V, Swami V. Current trends to measure implant
stability. J Indian Prosthodont Soc. 2016;16(2):124–30. https://doi.org/10.41
03/0972-4052.176539.

17. Merheb J, Temmerman A, Rasmusson L, Kübler A, Thor A, Quirynen M.
Influence of skeletal and local bone density on dental implant stability in
patients with osteoporosis. Clin Implant Dent Relat Res. 2016;18(2):253–60.
https://doi.org/10.1111/cid.12290.

18. Fu MW, Fu E, Lin FG, Chang WJ, Hsieh YD, Shen EC. Correlation between
resonance frequency analysis and bone quality assessments at dental
implant recipient sites. Int J Oral Maxillofac Implants. 2017;32(1):180–7.
https://doi.org/10.11607/jomi.4684.

19. Sargolzaie N, Samizade S, Arab H, Ghanbari H, Khodadadifard L, Khajavi A.
The evaluation of implant stability measured by resonance frequency
analysis in different bone types. J Korean Assoc Oral Maxillofac Surg. 2019;
45(1):29–33. https://doi.org/10.5125/jkaoms.2019.45.1.29.

20. Raghavendra S, Wood MC, Taylor TD. Early wound healing around
endosseous implants: a review of the literature. Int J Oral Maxillofac
Implants. 2005;20(3):425–31.

21. Pyo S-W, Park YB, Moon HS, Lee J-H, Ogawa T. Photofunctionalization
enhances bone-implant contact, dynamics of interfacial osteogenesis,
marginal bone seal, and removal torque value of implants: a dog jawbone
study. Implant dentistry. 2013;22(6):666–75. https://doi.org/10.1097/ID.
0000000000000003.

22. Yamauchi R, Itabashi T, Wada K, Tanaka T, Kumagai G, Ishibashi Y.
Photofunctionalised Ti6Al4V implants enhance early phase osseointegration.
Bone & Joint Research. 2017;6(5):331–6. https://doi.org/10.1302/2046-3758.
65.BJR-2016-0221.R1.

23. Puisys A, Schlee M, Linkevicius T, Petrakakis P, Tjaden A. Photo-activated
implants: a triple-blinded, split-mouth, randomized controlled clinical trial
on the resistance to removal torque at various healing intervals. Clin Oral
Investig. 2020;24(5):1789–99. https://doi.org/10.1007/s00784-019-03041-5.

24. Hayashi M, Jimbo R, Xue Y, Mustafa K, Andersson M, Wennerberg A.
Photocatalytically induced hydrophilicity influences bone remodelling at
longer healing periods: a rabbit study. Clinical Oral Implants Research. 2014;
25(6):749–54. https://doi.org/10.1111/clr.12138.

25. Bryant SR. Oral implant outcomes predicted by age-and site-specific aspects
of bone condition. National Library of Canada= Bibliothèque nationale du
Canada; 2001.

26. Naveau A, Shinmyouzu K, Moore C, Avivi-Arber L, Jokerst J, Koka S. Etiology
and measurement of peri-implant crestal bone loss (CBL). Journal of clinical
medicine. 2019;8(2):166. https://doi.org/10.3390/jcm8020166.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Choi et al. International Journal of Implant Dentistry            (2021) 7:37 Page 7 of 7

https://doi.org/10.1016/j.dental.2006.06.025
https://doi.org/10.1111/j.1708-8208.2012.00456.x
https://doi.org/10.1111/j.1708-8208.2012.00456.x
https://doi.org/10.11607/jomi.te47
https://doi.org/10.1016/j.biomaterials.2008.11.004
https://doi.org/10.1016/j.biomaterials.2008.11.004
https://doi.org/10.11607/jomi.3263
https://doi.org/10.11607/jomi.6541
https://doi.org/10.1034/j.1600-0501.2001.012001079.x
https://doi.org/10.1111/j.1600-0501.2008.01672.x
https://doi.org/10.1111/j.1600-0501.2008.01672.x
https://doi.org/10.17219/acem/28113
https://doi.org/10.17219/acem/28113
https://doi.org/10.1259/dmfr/19603304
https://doi.org/10.1259/dmfr/31640433
https://doi.org/10.4103/0972-4052.176539
https://doi.org/10.4103/0972-4052.176539
https://doi.org/10.1111/cid.12290
https://doi.org/10.11607/jomi.4684
https://doi.org/10.5125/jkaoms.2019.45.1.29
https://doi.org/10.1097/ID.0000000000000003
https://doi.org/10.1097/ID.0000000000000003
https://doi.org/10.1302/2046-3758.65.BJR-2016-0221.R1
https://doi.org/10.1302/2046-3758.65.BJR-2016-0221.R1
https://doi.org/10.1007/s00784-019-03041-5
https://doi.org/10.1111/clr.12138
https://doi.org/10.3390/jcm8020166

	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

