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Implant Stability Development of Photofunctionalized
Implants Placed in Regular and Complex Cases:
A Case-Control Study

Makoto Hirotatdt (FRHEL) /Tomomichi Ozawat®t (F&H&EL) /Toshinori lwaitdt (FRHEL) /
Takahiro Ogawatd+ (FRHEL) /lwai Tohnaitlgdt (GFRHEL)
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The objective of this study was to compare the rate of implant stability development of as-received and photofunctionalized
dental implants in regular and complex cases.

Forty-nine implants (24 as-received and 25 photofunctionalized) placed in regular or complex cases (simultaneous
guided bone regeneration, sinus elevation, or fresh extraction sockets) were studied. Photofunctionalization was
performed by ultraviolet (UV) treatment of implants for 15 minutes using a photo device immediately prior to placement,
and the generation of superhydrophilicity was confirmed. Implant stability was evaluated by measuring the implant
stability quotient (ISQ) at placement (ISQ1) and at stage-two surgery (ISQ2). The rate of implant stability development
was evaluated by calculating the osseointegration speed index (OS], defined as the 1SQ increase per month ([ISQ2-
ISQ1]/healing time in months). The percentage of innate bone support at placement was evaluated clinically and
radiographically.
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The average 0S| was considerably greater for photofunctionalized implants (3.7 + 2.9) than for as-received implants (0.0
+1.0). The OSI in complex cases was 4.2 + 3.2 for photofunctionalized implants and 0.2 + 0.9 for as-received implants.
The OSl in cases with simultaneous sinus elevation was 5.5 + 3.5 for photofunctionalized implants and 0.2 + 1.1 for as-
received implants. Photofunctionalized implants showed significantly higher ISQ2 values than as-received implants.
Photofunctionalized implant ISQ2 values were greater than 60, regardless of primary stability and innate bone support
at placement. In multivariate analysis including the effects of photofunctionalization, age and sex of patients, and
diameter and length of implants, photofunctionalization showed the strongest influence on the 0OSI for both regular
and complex cases, while other factors influenced the OSI only in certain conditions.

Photofunctionalization accelerated the rate and enhanced the final level of implant stability development compared
with as-received implants, particularly for implants placed into poor-quality bone and other complex cases.
Photofunctionalization was a stronger determinant of implant stability than all the other tested implant- and host-
related factors.
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This clinical case series sought to examine the effect of photofunctionalization on implant success, healing time,
osseointegration speed, and peri-implant marginal bone level changes at 1 year after restoration.

Four partially edentulous patients were included in the study. Seven implants with identical microroughened surfaces
were photofunctionalized with UV light for 15 minutes. Osseointegration speed was calculated by measuring the
increase in implant stability quotient (ISQ) per month. Marginal bone levels were evaluated radiographically at crown
placement and at 1 year.

BMEERRMTREMRERE 2.1-451A) , BRI RE. EERAEENS. P LASERASMERK
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HIFENA, FA—M2HAR, HUARBTRIRMMEST TS KAFERD .

All implants placed into fresh extraction sockets, vertically augmented bone, simultaneously augmented sinuses, or
the site of a failing implant remained functional and healthy at 1 year, even with an earlier loading protocol (2.1 to 4.5
months]. I1SQs of 48 to 75 at implant placement had increased to 68 to 81 at loading. In particular, implants with low
primary stability (initial 1ISQ < 70) showed large increases in ISQ.

The use of photofunctionalized dental implants in these clinically challenging cases appeared to result in
osseointegration in a shorter period of time than currently suggested by standard protocols and the published
literature. In addition, the increases in implant stability and osseointegration speed were considerably greater for
photofunctionalized implants than similar results reported in the literature. During a 1-year follow-up period, the
marginal bone level increased toward the coronal for all photofunctionalized implants whose platform had been
subcrestal at crown placement, while those implants that had supracrestal peri-implant bone at crown placement
maintained their marginal bone level without loss. No surgical or prosthetic complications were reported up to 1 year
after loading. The procedure for photofunctionalization is simple and applicable to titanium-based and titanium alloy-
based materials of various surface types. Together with other in vitro and in vivo data, the promising clinical outcomes
presented in this preliminary study suggest that photofunctionalization is useful and effective for challenging clinical
situations and represents a novel avenue to overcome some of the ongoing challenges in implant dentistry.
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This retrospective study analyzed 95 consecutive patients who received 222 untreated implants and 70 patients who
received 168 photofunctionalized implants over a follow-up period of 2.5 years.

Photofunctionalization was performed by treating implants with UV light for 15 minutes using a photo device
immediately before placement. The generation of superhydrophilicity and hemophilicity along with a substantial
reduction in atomic percentage of surface carbon was confirmed after photofunctionalization. In both groups, 90% of
the implants were placed in complex cases requiring staged or simultaneous site-development surgery.

The implant stability was measured at implant placement and loading using the implant stability quotient (ISQ) values;
then, the rate of implant stability development was evaluated by calculating the ISQ increase per month.

AEMFREER (EELFBEFXFRATHOMERKEN) , RELENMEFNAERNTEHEN6.51MF,
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(XEURTF®RAIBISQE) , EESTXHFIRGHNISQEAEE (-1.8~2.8) . RUMENNVASEEREMER
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HUREBATRABRNAESREAFAEZMAIIR, MALHERTNS, ZERSHERRIRBENEREENE
Ko HERKRIA, AHAMIBNE—THEMIERETTIRME T —FHE. SANER.

Within the limits of this study, which mainly included implant placement in complex cases, the use of
photofunctionalization resulted in a high success rate of 97.6%, even with a substantially decreased healing time
of 3.2 months before loading as compared with 6.5 months for untreated implants. The ISQ increase per month for
photofunctionalized implants ranged from 2.0 to 8.7 depending on their initial ISQ values, and it was considerably
higher than that reported in the literature, which ranged from -1.8 to 2.8. The use of photofunctionalization resulted
in the more frequent use of implants in 10 mm or shorter and a decrease in average implant diameter. In conclusion,
despite more frequent use of shorter and smaller diameter implants, the use of photofunctionalization allowed for a
faster loading protocol without compromising the success rate. The outcome was associated with the increased rate
of implant stability development for photofunctionalized implants. The results suggest that photofunctionalization may
provide a novel and practical avenue to further advance implant therapy.
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This study evaluated the effect of photofunctionalization on osseointegration under the biologically adverse conditions
of aging. First of all, bone marrow-derived osteoblastic cells from young (8 weeks old) and aged (15 months old) rats
were biologically characterized. Then, the osteoblasts from aged rats were seeded on titanium discs with and without
photofunctionalization, and assessed for initial cell attachment and osteoblastic functions. Titanium mini-implants,
with and without photofunctionalization, were placed in the femur of aged rats, and the strength of osseointegration
was measured at week 2 of healing. Periimplant tissue was examined morphologically and chemically using scanning
electron microscopy and energy dispersive x-ray spectroscopy, respectively.

S5 REVARALL, ZIRRAMNEYTIEERE TR, EiRIAME LR EaRREREH DB AR
RERIPASE LLEREZ LR EWAREI M DN S ARINAEERINER, s, BEARUFEANERES, B4
BIREERA0%, HUMERBEEEABERRE, 5. BITRERSR, MARLLLLENTEREERARD
5. BHSSLERMIEAESS, FASRMAEIMERIER, HEAERIERERRBESHNERFR.

Cells from the aged rats showed substantially reduced biological capabilities compared with those derived from young
rats. The cells from aged rats showed significantly increased cell attachment and the expression of osteoblastic
function on photofunctionalized titanium than on untreated titanium. In addition, the strength of osseointegration was
increased by 40% in aged rats carrying the photofunctionalized implants. Robust bone formation was observed around
the photofunctionalized implants with strong elemental peaks of calcium and phosphorus, whereas the tissue around
untreated implants showed weaker calcium and phosphate signals than titanium ones. These in vivo and in vitro
results corroboratively demonstrate that photofunctionalization is effective for enhancing osseointegration in aged
rats.

AR ENMREBBL=NH LM (1) MMEEAREEERRECEY; Q) REHBRKEEFKIEE
&;  (3) REFEFHAERIERHR,

The effect of photofunctionalization is achieved by virtue of 3 mechanisms: (1Jremoval of hydrocarbons from an implant
surface (2)conversion of surface hydrophobicity to hydrophilicity; and (3)conversion of surface charge from negative to
positive.
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Photocatalytically induced hydrophilicity influences bone
remodelling at longer healing periods: A rabbit study

M. Hayashi / R. Jimbo / A. Wennerberg /Y. Xue / K. Mustafa / M. Andersson

BNZAELIRET, FTEAAKS LNAERELFEENHREZAAR (TiI02) FKKFERIMLR
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Previously, we have reported that photocatalytically active hydrophilicity of the anatase titanium dioxide (Ti0O2)
nanoparticles coated onto commercially pure titanium discs presented significantly improved hydrophilicity after
ultraviolet irradiation. As hydrophilicity has shown enhancement of osseointegration, the in vivo responses were of
great interest. The aim of this study was to evaluate whether or not the photo-activated hydrophilicity generated at the
time of implant placement has an effect on the longer healing periods for osseointegration. Photocatatytically active
nanostructured TiO2 powder (Degussa P-25), which consists of approximately 80% anatase and 20% rutile, was spin-
coated onto commercially pure titanium discs and was heat-treated thereafter. These P25-coated discs were irradiated
with ultraviolet (UV] light for the test (+UV] group, and non-irradiated discs were prepared for the control {_UV) group.
Both groups of discs were placed in the rabbits’ tibiae. After 12 weeks of healing period, histological analysis and gene
expression analysis using real-time RT-PCR were performed.

PARFHFER, EIDRFNAE, KIMERGANFRGAEBTRLTELEEMNEE LNER, AT,
WS SLBSPT-PCREITERA DA, +UVABSERFEREILE,; I, RAAREFILI0EZRSE, IHTX
EMRE RN, Flt, “WEAETRSLRRABRFSEEMNER" NRIBRIKKERT, HFAELEFELRENIERX
BRTFBESHMNGEMER, RILARRNERTERA, AIGEERE12ARE, MAFTEMRILKR.

Based on the histological analysis, after a healing period of 12 weeks, there seemed to be no qualitative and
quantitative differences in bone formation between the UV-irradiated and non-irradiated groups. However, the genetic
analysis using the real-time RT-PCR suggested that for the +UV group, osteogenesis was significantly enhanced
in terms of active remodelling; at the same time, inflammatory and osteoclastic responses were suppressed as a
result of significantly increased anti-inflammatory cytokine IL-10. Thus, the initial hypothesis that there would be
no differences between the two groups after 12 weeks of healing was rejected. As it was believed that the effect of
photocatalytically activated surface was restricted only to the initial stages of osseointegration, the results of this study
may suggest that the biologically enhancing effect remained even after 12 weeks of healing time.
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Effect of Ultraviolet Irradiation of the Implant Surface on
Progression of Periimplantitisd: A Pilot Study in Dogs
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MCT) , HNEEBRW, BINFEMRREARTH FNT-MEEESH.

The objective of this study was to investigate morphologically the progression of periimplantitis around an ultraviolet
(UV]-light-irradiated implant in dogs.

Pure titanium implants (3.3 mm in diameter and 8 mm long) were placed into dog jawbone bilaterally. Implants on
one side were irradiated with UV light for 15 minutes using a photodevice immediately before placement (UV group),
whereas those on the other side were not irradiated (non-UV group). Osseointegration was confirmed 90 days after
implant placement by radiography. Experimental periimplantitis was induced by the application of dental floss over 90
days. Clinical and radiographic examination and micro-computed tomography (micro-CT) were performed after 90 and
180 days, and bone resorption was measured. The bone- implant interface in tissue sections was examined by light
microscopy.

NFEILFSHMEARABEXREMS, SRIMLRGIEIMIEEKEER B IREAFINARERINEIR G 20 IE
HEFME R B R R R,

PR R BVARFMRERIERE, REUVRFLEBHMEATE-MEERESEORLIMMEMI I KIT,
Itt, FIMARSBFMERMF IFIEFAE RN B L H R,

Bone resorption around the UV-irradiated implant was less pronounced than around the non-UVirradiated implant in
the ligatureinduced periimplantitis model.

Histological observation of tissue sections also revealed no attachment and partial destruction at the bone-implant
interface in non-UV-irradiated implants. As a result, UV-light irradiation of implants seems to suppress spontaneous
progression of periimplantitis.
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High Bone-Implant Contact Achieved by
Photofunctionalization to Reduce Periimplant Stress:
A Three-Dimensional Finite Element Analysis

Tetsuo Ohyamat#t (F#HEL) /Tendo Uchida (F#HEL) /Norio Shibuya (F#H#EL) /Shinya
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RE—TAFRRA, WHRMERH#HITRIMNALNE (efiThat) RBIMESKTNEES. HPREZL UM
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BRFIMEREINIMR AR BRI e SEATIREIREXIBICRRE (53.0%7F198.2%) HIMIEMAKHEIT=4HRT
o, BT REKENMEE (7. 108113mm) .

recent study demonstrated that UV treatment of titanium implants (photofunctionalization) enabled a higher level
of osseointegration by establishing a 98.2% boneimplant contact (BIC) as opposed to a 53.0% BIC around untreated
implants. This study examined whether, and how, the BIC increase affects the periimplant mechanical stress. Three
dimensional finite element analysis was performed on implants of different degrees of BIC (53.0% and 98.2%) based
on the report of photofunctionalization. The different lengths of implants (7, 10, and 13 mm) were also tested.

RAEAKEMTMmMIENEI13mmEY, EHAE TRMEEEEN KR 15%, MRBICMS53.0%E 1N
598.2%0Y, EHHETHMERERERNIKFHLDEIR50%, FAtt, MERITMmIBICH8.2%ES, FHiEHE
BN HEERFHEEI13mmHABICH53.0%BHIN 17, BICH98.2%BY, FiER LR HINLBICH53.0%EIFIH
KEMEFBEMEINESNAXE, BMETmmEMIER EBRHI. ERAMEFATHRETEMHER, X
BUERFUREE, ERBICMS53.0%1EMNEI98.2% (FI@I L WINAESSHEL) ELEME KEVFMMEMAREE R R ETEKE
BERAND BT, XARENELFMERDSE RUERHE T —FBTER0H RS,

Increasing the implant length from 7 to 13 mm diminished the periimplant stress level by only 15% under vertical load,
whereas increasing BIC from 53.0% to 98.2% diminished it by 50%. Consequently, stress around 7-mm implants with
98.2% BIC was even lower than that around 13-mm implants with 53.0% BIC. High-stress areas, which were observed
around implants in all lengths with 53.0% BIC, disappeared on implants with 98.2% BIC even on 7-mm implants.
Similar results were obtained under oblique load. This study demonstrated that a BIC increase from 53.0% to 98.2%,
which can be achieved by photofunctionalization, improves distribution and diffusion of periimplant stress more
effectively than using longer implants, providing a potential novel strategy to counteract stressinduced periimplant
marginal bone loss.
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The In Vivo Bone Response of Ultraviolet-Irradiated
Titanium Implants Modified with Spontaneously Formed
Nanostructures: An Experimental Study in Rabbits
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KRRRP DT RAKMIER (SLAnew. SLAold. modSLA. UV-SLAFIUV-modSLA) BIREFFEREAER
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NORREHRE B THRiEMRERP. E3AMOARE, WHREXRMRR, HITREHAELEMARTSFED.

Acid etching in conjunction with storage in an aqueous solution can induce nanostructures forming spontaneously on
titanium surfaces, but an inevitable biologic degradation is suspected to accompany the evolution of nanostructures.
The aim of this study was to investigate whether ultraviolet (UV) irradiation is effective to solve this problem and further
enhance the bioactivity.

Surface characteristics of five groups of titanium implants (SLAnew, SLAold, modSLA, UV-SLA, and UV-modSLA] and
their in vivo bone response were analyzed in this study. The surface characteristics were evaluated with contact angle
measurements, scanning electron microscopy, and x-ray photon spectroscopy. A total of 160 implants (32 for each
group) were inserted into the tibial metaphyses and femoral condyles of 40 rabbits. After 3 and 6 weeks, the rabbits
were euthanized for removal torque tests and histomorphometric

EKREMER BRI RBNPAREN, BERA/NAGR15Nm, HEBENKETRET, Fel@fithtil T
SHUEWSH. UVEFBRMIERT HREAKERERIZS5H. UV-modSLAMEKBEHHERERERS, H
BRUVERSIMIERN S SHERERERNBERES. St KIMBRIE UERMERHEARERT
WMENEMER, HHA—THEBELES. AREMNRIMALEEEBRNENEGRESEEAESZEHR, MR
SMEAUTHRESTHARF AR SF ERERIRIHFA EE Ko

Spontaneously formed nanostructures were observed on water-stored surfaces with a size of approximately 15 nm in
diameter, and an inevitable contamination of hydrocarbons accompanied the evolution of nanostructures. UV irradiation
effectively eliminated hydrocarbon contamination that accompanied nanostructure evolution. UV-modSLA implants
showed the highest removal torque value, and UV-irradiated implants exhibited higher bone-to-implant contact
and bone area. Conclusion: UV irradiation can effectively eliminate the hydrocarbon contamination accompanying
the evolution of nanostructures and further enhance the osseointegration. Nanostructures and UV treatment have
combined effects in enhancing the interfacial strength between titanium and bone, while UV photofunctionalization has
much more overwhelming effects on histologic and histomorphometric performance.
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Treatment of titanium with UV light immediately before use, or photofunctionalization, is gaining traction as a simple
method to improve the biologic capability and clinical performance of dental implants.

The objective of this study was to examine the effect of photofunctionalization on the biologic capability and mechanical
anchorage of orthodontic miniscrews.

Untreated and photofunctionalized

Ti-6Al-4V orthodontic miniscrews were placed into rat femurs. Photofunctionalization was performed by treating
miniscrews with UV light for 12 minutes using a photo device immediately before placement. After 3 weeks of healing,
miniscrews were pushed laterally to measure the resistance against the tipping force.

The miniscrews were also evaluated for morphology and chemistry of tissue formed around them using scanning
electron microscopy and energy dispersive spectroscopy. Rat bone marrow-derived osteoblasts were cultured on
Ti-6Al-4V disks with and without photofunctionalization. The number of osteoblasts attached to the disks and the
behaviors, alkaline phosphatase activity, and mineralization capability of osteoblasts were evaluated.
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This study examined the effect of UV treatment, or photofunctionalization, on the anchoring capability of orthodontic
miniscrews. Photofunctionalization was performed by treating Ti-6Al-4V alloy in screw and disk forms with UV light
for 12 minutes immediately before their use. Ti-6Al-4V surfaces were converted from hydrophobic to superhydrophilic
after photofunctionalization. In vivo biomechanical testing revealed that photofunctionalized miniscrews were
displaced 30% to 40% less under lateral tipping force than untreated miniscrews. The increased anchorage was
associated with enhanced attachment, initial spreading behavior, adhesion, and expression of functional phenotypes of
osteoblasts cultured on photofunctionalized Ti-6Al-4V disks. These results comprehensively and consistently suggest
that photofunctionalization increases the bioactivity of Ti-6Al-4V and increases the anchoring capability of orthodontic
miniscrews.
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In the face of growing demands and challenges in implant therapy, implant surfaces with improved biologic
capabilities are required. This review paper summarizes the findings of recent in vitro and in vivo studies related to
ultraviolet (UV) photofunctionalization of titanium. UV photofunctionalization is defined as an overall phenomenon of
modification of titanium surfaces occuring after UV treatment, including the alteration of physicochemical properties
and the enhancement of biologic capabilities. Bone morphogenesis around UV-treated titanium implants is distinctly
improved compared with that seen around untreated control implants, leading to rapid and complete establishment
of osseointegration with nearly 100% bone-toimplant contact in an animal model, as opposed to less than 55% for
untreated implants. A series of in vitro studies demonstrated considerable enhancement of attachment, retention,
and subsequent functional cascades of osteogenic cells derived from animals and humans after UV treatment. UV
treatment converts titanium surfaces from hydrophobic to superhydrophilic and removes unavoidably contaminated
hydrocarbons. UV-treated titanium surfaces also manifest a unique electrostatic status and act as direct cell
attractants without the aid of ionic and organic bridges, which imparts a novel physicochemical functionality to
titanium, which has long been understood as a bioinert material. UV treatment is simple and low in cost, and it has
been proven effective for all types of titanium surfaces tested. These data suggest that UV photofunctionalization can
be a novel, effective measure to improve implant therapy in the dental and orthopedic fields.
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