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Euyaplotiec

Oa nbela va euxaplotiow amno kapdldg tov Emikoupo Kabnyntn k. lwond
Indakakn yla tn BonBela tou otn StapopPwon Tou BERATOC TNG SUTAWUATIKAG LOU
gpyaoiag Kat yla tnv kabodrynon tou o KABE EMUEPOUG TUNLO TOU EPEVVNTIKOU
autoU €pyou. Xwpig tn BonBela tou &g Ba NTav duvartn n cuyypadn Tnc.

Tov euxaplotw Bepud emiong yla TNV EMLOTNUOVIKNA Tou kKaBodnynon kad’ 6An tn
SLAPKELD TOU PETATTUXLAKOU LOU TIPOYPAUUATOC. Ol cUUPBOUAEG KaL Tl oYXOALO TOU
ATV KOBOoPLOTIKA yLo TNV avamntuén opOng KAk g opbodovtikng okéPng. Tov
EUXAPLOTW LOLALTEPWCE OUWGE YLa TNV EUMLOTOOUVN 0AAA KUPLWE TN OTRPLEN TOU OAa
OUTA TO XPOVLA N oTtola TavV KABOoPLOTIKN YLl TNV EMLTUXH OAOKARPWGON TOU
TIPOYPAULOTOC AUTOU.

El\ikplveig euxaplotieg Oa nBeAa va ekdpdow Kat otov Kabnyntn kot AteuBuvtn
Tou Epyaotnpiou OpBodovtikng k. Xalalwvitn AnuAteLlo, Tov AvamAnpwtn)
KaBnyntn k. TooAdakn Antdéotolo kaBwg kal ota urtoAouta PEAn AEM yia tnv
kKaBodrynaon Toug Kal TI§ YVWOELG TTOU Jou PeTalapnadeuoayv kab’ 0An tn Slapkela
¢ $oitnoNG LOU OTO UETATTTUXLOKO QUTO TIPOYPALAL.

Y€ aUTO To Koppatt 6€ Ba pmopouvoa va mapaAeipw KoL va PNV EUXapLoTHow
ETILONC TOUC ETILOTNOVLKOUG CUVEPYATEC TOU TIPOYPAUUATOG. Oa Bela va
ovadepOBW OVOUAOTIKA KAl VO EUXAPLOTHOW Bepud KABE £vav amod autolg yLaTl n
CUMIOPAOTACN TOUC ATOV avaykaia Kot KaBoploTtiki o€ Kabe Bripa pou oto
HETATTUXLAKO. Euxaplotw Bepud Aowmdy, Tov K. Aapavakn Fewpylo, k. Katoafpla
lewpylo, k. Zavoudo MatBaio, tnv k. Naoika Mapia, Tov K. Kwvotavtwvn Anuntplo,
K. AyyeAomoulo MNepaaotpo kabwg kot Tov K. MNaytln Inupo.

TeAewwvovtag Ba RBeAa va avadEpw Kal va euxapLotow EExwpLotd SU0 AToua TToU
evw 6&v avnKouv oTo SLEAKTIKO KAl ETILOTNLOVLKO TIPOCWTTLKO TOU TUHMATOG, Ol
UTINPECLEC TOUG lval amoAUTWE AmapaltnTEC yLa TNV OpaAr AELtoupyia Tou.
Euxaplotw amoé kapdldg t ypappatéa pog K. NanadomnovAouv Mapia kat tnv Bonbo
HOG oTNV KAWVLKA K. ToouTtoavn ZtaupoUAa yla Tnv mpobupia toug Kat tn Bornbsla
TOUG 0€ OAN TN SLAPKELA TOU UETAMTUXLAKOU LOU.
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Mepidnn

Elcaywyn

H adaipeon odovtikig ovoiag amod TG OHopeG ETMUPAVELEG TwV SOVTLWV
Xpnotpomnoleital cuxva otnv OpBodovtikr. ZuvnBwg eTUAEYETAL OTAV ATtALTETAL
e\AXLO0TOC EMUTAEOV XWPOG yla Tt S10pBwaon Tou cCUVWOTIOUOU i aAAayn TNG
pHopdoAoylag Twv OUOPWV ETLPAVELWV KATIOLWV SOVTLWV. ZKOTIOC TNE MApOoUCaC ex-
Vivo KAWVLKAG LEAETNG NTav va alohoyrosl U0 SladopeTikeég ueBddoug adaipeong
080VTIKAG ouoiag Opopwy emidpavelwv 6cov adopd otig TBaveg allayEg otnv
adpotnTa KOl TN oTolxelakn dour Tt adapavtivng UoTepa Ao £va LKavo SLactnua
TIAPALOVAG TOUG OTN OTOMOTLKO TEPLBAAAOV.

MéEBobot

39 Yyieig mpoyoudlol umoBARBnkav o adaipeon 0SoVTIKNAEC oUCLOG ATTO TIC OLLOPEC
ETLPAVELEG TOUC TOUAAXLOTOV 6 URVeg TipLy e€axBouv yia opBodovtikoug Adyouc. Ta
CUOTNHATA TTOU Xpnolpomnotionkav yla tnv adaipeon tng oSovTKAG ouaciag ATtav ta
€€N¢: a) To cvotnua Ortho-Strips pe xprion €l8IkN¢ xepoAafng kat B) To xelpokivnto
cuotnua IntensivProxoStrip. Kabe éva mepl\appave 4 S1adhopeTIKES TALVIEG yLa
adaipeon 0dovtikng ovolag, pviplopa kat Astavaon. TG Anw eMPAVELEG TWV
Sovtiwv dev €yve adaipeon oSovTIKAG ouaciag omoTe xpnoLdomnotnkav wg
emupaveleg eAéyxou. OL BepameuuéVeC Kal Un Bepameupeveg emLPAVELES
aélohoynOnkav pe ortiko mpodplopstpokatl Raman kat SEM/EDXavalvoelc. Ta
Sebopéva avaAuBnkav pe epLlypadLK OTOTLOTIKI KOL YEVIKEULEVA YPOLULKA
HoVTéAa oto aApa=5%.

AnoteAéopata

Kat oL 800 pEBodol peiwoav onUavTikA TNV KUPAToeldr emtpavela Tng ABKTNG
adapavtivne (P<0.001), pe To XELPOKIVNTO CUCTNA VO TIPOKAAEL LKPOTEPN HElWON
art’ 6tLto pnxavokivnto (P<0.001). Ao tnv aAAn mAeupa, n adpotnTa tng
adapavtivng avéndnke onuavtika (P<0.001)kat pe tig Suo pebddoug, Xwpis WG va
napatnpeitat Stadopad otnv avénon ¢ avapeoa ota Vo cuothiuata. Ot
avaAvUoelg EDXkat Ramandev unédel€av kapio aAlayn otn otolxelakn Soun g
adapavtivng Uotepa anod mapapovi Twv SOVILWY OTO OTOUATIKO TEPLBAAAOV yLa
TOUAQLOTOV 6 UNVEG.



SUUTEPAOLLOTA

Yotepa amno tnv adaipeon 0S0VTIKAG ouciag amo TG OHOPEC EMPAVELEG TWV
TiPOYOUdLWV Kal pe Ta U0 CUOTAUATA TIOU XPNOLUOMoLROnkav otnv napovoa
HEAETN, n emudpavela TG adapavTivng mapatnpnOnke MepLOCOTEPO EMMESWHEVN KOl
HE HEyOAUTEPN ASPOTNTA. ITN OTOLXELOKN TNG SOWUN TIPLV KAl LETA TNV adaipeon TG
060VTIKAG ouaiag kat adou Ta SOvTLa MaPEUELVAV VLo APKETO KALPO OTO OTOUATIKO
nieptBaiov, Sev mapatnpnOnke kamola aAAayn).



Abstract

Introduction

Inter-Proximal enamel Reduction (IPR) is routinely used in orthodontics in order to
generate small to moderate amounts of space within the dental arch. Aim of this ex
vivo study was to evaluate the effect of two different in-vivo IPR systems on the
enamel surface’s waviness, roughness, and elemental composition after an extended
period of intraoral exposure.

Materials & Methods

39 healthy premolars from 15 orthodontic extraction cases, at least 6 months
before their extraction, were subjected in-vivo to IPR on their mesial side with two
different methods: (a) instrumented method with the Ortho-Strips system (on
handpiece) and (b) manually with the IntensivProxoStrip (strips)—each with 4
different grits for contouring, finishing and polishing. The distal side of each
premolar served as its own internal control. Treated and untreated tooth surfaces
were evaluated by optical profilometry, Raman and SEM/EDX analyses. Data was
analyzed with descriptive statistics and generalized linear models at alpha=5%.

Results

Both IPR methods significantly reduced waviness of the enamel surface (P<0.001),
with manual IPR leading to smaller waviness reductions than the instrumented IPR
(P<0.001). On the other side, both IPR methods led to a significant increase in
enamel surface roughness (P<0.001), with no significant differences between IPR
methods. EDX and Raman analyses did not demonstrate any alterations on
elemental composition of enamel after at least 6 months of intraoral exposure.

Conclusions

Both stripping systems led to a flatter but rougher enamel surface. Similar elemental
composition was demonstrated between intact and stripped enamel surface of both
experimental groups after an extended period of intraoral stay.



Introduction

Interproximal enamel reduction (IPR) or interproximal stripping or grinding was first
proposed by Ballard in the 1940s as an option to manage tooth mass discrepancy.
However, it is nowadays routinely used in orthodontics as a means to reduce or re-
contour the interproximal enamel surfaces of permanent teeth (1). IPR might be
indicated in cases with mild or moderate crowding as well as towards the elimination
of an existing Bolton Index discrepancy (1-4). Further indications pertain to dental
esthetics and include changes in tooth shape, normalization of gingival contours, and
elimination of black gingival triangles (5). Furthermore, some researchers indicate that
post-treatment retention and stability might also be enhanced by IPR of the
mandibular anterior segment (6-8).

Reports in the literature suggest that up to half of the enamel thickness might be
safely removed without considerable side-effects (9). This would translate to about
0.3 mm for the upper incisors, 0.2 mm for the lower incisors, or 0.6 mm for the
posterior teeth (10), whereas other reports indicate that the maximum that can be
safely gained by IPR for posterior and anterior teeth might be 7.0 mm and 2.5 mm,
respectively (9,11).

Even though IPR in controlled amount can be regarded safe as far as serious adverse
effects are concerned, grinding the enamel surface makes it rougher (12-14).
Scratches and furrows remain on the enamel surface after IPR, sometimes even after
the tooth surface has been carefully polished (15). Potential adverse effects on the
enamel grinding during striping have been a controversial issue, with some reports of
increased plaque accumulation and a consequent elevated caries risk of caries at sites
of IPR (16). Nevertheless, in the literature no conclusive association has been found
between the degree of enamel roughness and caries development (17,18).
Furthermore, concerns have been raised over the qualitative alterations of the enamel
surface after IPR. Energy-Dispersive X-ray Spectroscopy (EDS) is an analytical
technique used in in vitro research protocols and can prove useful in analyzing the
elemental composition or chemical characterization of such tooth surfaces (19,20).

The degree of enamel roughness after IPR, however, also depends on the applied IPR
technique / protocol. A number of special instruments and devices, be it automatic /
mechanical or translatory / rotating, have been introduced over the recent decades
for IPR (4,14,21). A recent systematic review could not draw robust conclusions
regarding the enamel roughness after various striping methods — mostly to the limited
material available (18). Therefore, the aim of this ex vivo study was to evaluate two
different IPR systems regarding possible alterations of the enamel surface in terms of
waviness, roughness, and elemental composition after an extended period of intraoral
stay. The null hypothesis was that for both striping methods there would be no
difference in waviness, roughness, and elemental composition of the stripped or non-
stripped enamel surfaces after an extended period of intraoral stay.
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Materials &Methods

The study was conducted according to the guidelines of the declaration of Helsinki
and approved by the Ethics Committee of the School of Dentistry, National and
Kapodistrian University of Athens, Greece (382/9.11.2018). Informed consent was
obtained from all participants or their legal guardians. IPR was performed in vivo on
39 healthy premolars intended for extraction for orthodontic reasons according to the
treatment plan. The teeth evaluated in the present study were collected from 15
orthodontic extraction cases. Inclusion criteria included absence of tooth cracks /
hypoplasia / caries / fillings, or exposure to chemical agents (i.e., bleaching) at the first
premolars. Exclusion criteria included (i) teeth with white spots or fluorosis, (ii)
patients with any systemic disease or use of any drugs that could affect salivary
composition / flow, and (iii) patients who had previously undergone orthodontic
treatment. Prior to initiation of this study, all patients received radiographic caries
assessment in the first premolars by posterior bitewing radiographs using the long-
cone technique.

An a priori sample size calculation was performed with a 1:1 allocation in two
different IPR groups. Based on a previous study on handpiece-based IPR followed by
polishing (14), a mean post-treatment roughness of 0.4 (Standard Deviation [SD] of
0.1) was taken as basis, and a 25% deterioration in roughness was hypothesized for
the manual IPR with strips (assuming a common SD). It was found that a sample of 17
tooth surfaces (since the other half of the tooth would be used as control) would be
needed to identify a potentially existing difference with an independent-samples t-
test with alpha=0.05 and beta=0.20 (power of 80%). This was rounded up to 20 tooth
surfaces per group to account for potential losses due to artefacts.

All patients were given proper oral hygiene instructions and monitored for 2 weeks
prior to administering IPR. They were instructed by the orthodontist to brush their
teeth for 3 minutes using a fluoride-containing toothpaste (1450 ppm) provided for
daily use throughout the study. They were told not to use any other oral agents,
including oral irrigators or antimicrobial mouth rinses.

Intraoral IPR was performed on the mesial surface of all premolars. The distal surface
of each tooth acted as its own internal control to account for tooth-specific
irregularities. Before the stripping procedure, precautions to minimize risk of damage
to adjacent teeth were taken. In all subjects, elastic separators were placed on the
mesial and distal contacts of the first premolars for 3 days, while a metal separator
was used during stripping / polishing to improve access to the interproximal surfaces.

Two different IPR methods were evaluated in this study, both from the same
company (Intensiv Dental SA, Montagnola, Switzerland): a) Ortho-Strips system,
attached on an Intensiv Swingle Ortho contra-angle handpiece. These strips were one-
sided flexible diamond-coated strips of four different grit sizes (60 um and 40 um for
contouring, 25 um for finishing, and 15 um for polishing). b) IntensivProxoStrip, used
by hand. These are unique, diamond-coated metal strips with grips of 60 um, 40 um,
15 pm and 8 um. IPR was performed according to the manufacturer's instructions
under water cooling by one operator. New devices / strips were used for each
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stripping session. The stripping auxiliaries were applied at consecutive sessions of 10
seconds each. In each patient, the contralateral premolars were treated with different
methods. The two groups included 19 and 20 teeth respectively, since one tooth was
retained due to changes in the treatment plan.

Premolars were extracted with minimal invasive surgery after exposure to oral
conditions for at least 6 months. The extracted teeth were cleaned under tap water
and stored in distilled water with 0.5% sodium azide in a refrigerator at 4°C.

The treated (mesial) and untreated (distal) region of each tooth were investigated by
a three-dimensional (3D) optical profilometer (Wyko NT1110, Veeco, Tucson, AZ, USA)
operated under the following conditions: vertical scanning mode, Mirau lens (20x2
FOW), 30 um vertical scan length, 231 um x 304 pm acquisition window (20.3x
maghnification) and 0.1 nm (z-axis), and 0.2 um (x- and y-axes) resolution. In order to
discriminate the roughness from waviness component a Gaussian regression filter was
applied two times. In the case of waviness, a long wavelength cutoff (L=0.08) was used
while in the case of roughness a short wavelength filter was employed (L=0.025).
Figure 1 presents the two-dimensional (2D), 3D, line profile and selected roughness
parameters of raw data (first row), waviness (second row) and roughness (third row).
For both waviness and roughness, the Vision 64 version 5.7 software (Bruker
Corporation, Tucson, AZ) was used to record three amplitude parameters: (i) Sa
(average roughness): The arithmetic average of the absolute values of the measured
height deviations from the mean surface taken within the evaluation area; (ii) Sq (root
mean square-RMS roughness): The root mean square average of the measured height
deviations from the mean surface taken within the evaluation area; (iii) Sz (height S-
Parameter): The ten-point height over the complete 3D surface.

One Raman spectrum was acquired from the distal and medial regions of three teeth
from each group. The teeth were placed on the stage of a microscope (LEICA BME,
Leica Microsystems Ltd, Heerbrugg, Switzerland) and the regions of interest were
determined employing optical lens at x40 nominal magnification. A special device
(MicroViewer-785, Raman Microscope Adaptor) was used to attach the Raman probe
to the microscope. Spectra were acquired with an EZ Raman-Il, high-sensitivity
portable Raman analyzer equipped with a Laser (Soliton, Laser Und Messtechnik,
Gliching, Germany) operating at 480 mW output power, 785 nm emitted wavelength
and a nominal resolution of 4.5-6.5 cm™. Baseline correction and smoothening (Fast
Fourier Transform filtering) were applied to all spectra. All spectra were peak fitted
with Peak-Fit software (v4.12, SeaSolve Software Inc., Framingham, MA, USA)
employing Pearson IV amplitude curve fitting (standard width per spectrum).

The surface morphology and elemental composition of all specimens were studied
with a Scanning Electron Microscope (SEM) (Quanta 200, FEl, Hillsboro, OR) and by x-
ray energy-dispersive microanalysis (EDX) employing a spectrometer (Quantax,
Bruker, Berlin, Germany) attached to the SEM equipped with a slew-window silicon
drift detector (X Flash 6|10, Bruker) under high vacuum, 15 kV accelerating voltage,
108 pA beam current, area scan mode (250 um x 220 um), 200 s acquisition time and
1~2% dead time.
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Statistical analysis

Initially, normal distribution for all variables was checked through visual inspection
and formally with the Shapiro-Wilk test. Descriptive statistics were calculated,
including means and SDs for all experimental and control groups. Differences between
experimental-control side within each group were assessed with Generalized Linear
Models accounting for within-tooth clustering with robust standard errors.
Differences between the two IPR methods were likewise tested with GLMs, after again
adjusting for the control-side values of each tooth. All analyses were run in Stata 14.0
(Stata Corp, College Station, TX, USA) with a two-sided alpha of 5% and an openly
provided dataset (doi: 10.5281/zenod0.6577836).
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Results

In total, 39 premolars (19 in the instrumented and 20 in the manual group) were
extracted post-IPR after a minimum 6 months of intraoral use (mean 7.46 months; SD
0.92 months).

Optical profilometry

Representative 3D-profilometric images of the treated and control surfaces are
illustrated in Figure 2. The untreated surfaces exhibited high peaks slopes and shallow
valleys, whereas the treated specimens demonstrated peaks followed by deep valleys
a typical pattern of surface grinding. The results of the 3D-roughness parameters are
summarized in Tables 1 and 2. As far as waviness is concerned, both methods
statistically significantly reduced waviness compared to the un-stripped (control) sides
of each tooth (P<0.001 in all instances; Table 1). Also, for all three waviness
amplitudes, manual IPR reduced affected significantly less the enamel surface (-55.5
to -58.6%) compared to tooth sides treated with instrumented IPR with a handpiece
(-76.2t0-77.0%; P<0.001 or P=0.001). As far as roughness is concerned (Table 2), again
both IPR methods significantly increased enamel roughness (28.3 to 79.1%; P<0.05 in
all instances), but with no significant differences between instrumented (handpiece)
and manual IPR method (P>0.05 in all instances).

Raman spectroscopy

Figure 3 and 4 show representative spectra from control and treated tooth surface
from both groups tested. Both groups showed identical spectra between the regions
tested. The characteristic peaks at 777, 896 and 1077 (cm™) stand for CO%3 vibrations,
1054 for PO+C0O?3 and the main peak at 960 for PO3,.

SEM/EDX analysis

Figures 5 and 6 depict representative backscattered electron images from the groups
tested. Both images show surface scratches i.e. parallel lines and shallow grooves. The
X-ray EDS spectrum of a surface treated with Ortho-Strips system is depicted on Figure
7 and Table 3. The results indicated that high variability existed between different
specimens, but the majority of tooth enamel consisted of Ca (>60%), followed by P
(>30%), and with smaller traces of Na or Cl. Stripping with either method didn’t seem
to have a considerable influence on enamel composition.
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Discussion

The results of the present study indicate that stripping affects the enamel surface
waviness and roughness, but does not alter significantly the molecular structure
according to Raman and EDX analysis. Thus, the null hypothesis was only partially
rejected.

Enamel proximal reduction is inevitably a common procedure in orthodontics
especially for generating small to moderate amount of space in cases of arch length
discrepancy. Surface roughness after stripping has been the subject of numerous
experimental and theoretical investigations since surface irregularities may
theoretically promote plaque adherence and induce iatrogenic damage, such as
increased temperature sensitivity of the recontoured teeth, dental caries, periodontal
tissue breakdown, gingival recession, and excessive root proximity (22-25). Some
studies have shown that IPR may produce residual furrows and grooves and increase
the susceptibility of proximal enamel to demineralization (16,26,27).

On the other hand, several studies have demonstrated that IPR followed by
meticulous polishing leads to tooth surfaces that are equally smooth or even
smoother than intact enamel (13,14, 28). The roughness parameters of the 3D optical
profilometer evaluated in the present study are commonly used in several stripping
protocols. The results of the current study indicated that significant differences were
observed between the treated and untreated enamel surfaces, with the former being
flatter, but also rougher. This is in agreement with results of an in-vitro stripping
protocol, which showed increased roughness after IPR with the Ortho-Strips system
at almost all the evaluated roughness parameters (15). However, the results of the
present study are not necessarily generalizable to all methods of instrumented IPR,
since several studies point out that Ortho-Strips leads to smoother enamel in
comparison to several other stripping systems (12,14,29). This is somehow expected
since this system uses oscillating files following a coarse-to-fine sequence in selecting
grits and ensures both polishing and finishing of the enamel surface. This is also true
for the second (manual) IPR system evaluated in the present investigation.

A major advantage of the present study is that stripping was performed in-vivo on
teeth to be extracted for orthodontic reasons. These teeth exhibited physiologic
mobility and the pressure was partially absorbed by displacement of the periodontal
ligament. On the other hand, stripping protocols in previous research protocols
applied on extracted teeth that have been embedded in substrates might present
different stiffness. As a result, the amount of enamel tissue ground may differ
between studies according to their design. Stripping duration may also affect enamel
roughness and is often partially or not at all reported in published studies. In the
present study new devices were used for each stripping session, since a recent study
demonstrated a significant reduction in the surface roughness of the strips after in-
vitro stripping in all IPR systems that were tested (30).

Stripping raises concerns not only for the morphological characteristics of the new
enamel surface but also for the qualitative features of this new enamel layer, in the
short and long term. This is another advantage of the present study since the stripping
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surfaces were evaluated after an extended period of intraoral stay by Raman
spectroscopy and EDX analysis. The former is a spectroscopic technique typically used
to determine vibrational modes of molecules and it can provide a structural fingerprint
by which molecules can be identified on the surface being examined. In the present
study, no qualitative differences were observed in the elemental structure between
the treated and untreated enamel surface and both groups showed identical spectra
between the regions tested. So far, there are no reports evaluating differences in the
elemental structure of the enamel after striping by Raman spectroscopy and this
technique has only previously been employed to assess alterations of the enamel
surface before and after bonding of orthodontic attachments(31).

Analyses of the enamel’s elemental composition through the EDX analysis did not
demonstrate any considerable alterations due to stripping and similar results were
found for both treated and untreated surfaces (Table 3). The remineralizing effect of
saliva might have contributed to the improvement of the surface state through the
precipitation of ions (19,20), since all teeth remained exposed in the intraoral
environment for at least 6 months. This is in agreement with the results of a recent
study evaluating stripped enamel with EDX, after 30 days of exposure to either saliva
or casein phosphopeptide amorphous calcium phosphate with sodium fluoride, and
showing no significant differences in the content of calcium or phosphate (19).
Another study evaluated a limited number of teeth after in-vivo stripping with Ortho
Strips with dispersive energy spectroscopy and reported a small decrease in the
percentage of Caand P in teeth extracted right after stripping (32). However, the levels
of these elements were elevated among stripped teeth extracted after 4-month
period of oral exposure (32). A further study evaluated the microhardness of stripped
enamel surfaces—since this property is directly related to the enamel’s mineral
content. None of the 5 different stripping systems tested had a considerable influence
on the enamel microhardness of permanent teeth (33). Finally, another experimental
protocol used optical emission spectrometry to evaluate in-vitro IPR on teeth
extracted for periodontal reasons and found that increased demineralization was
reported after a 15 days pH-cycling model (34).

In the present study, SEM images were further taken to provide a visualization of the
surfaces under examination. SEM analysis is a qualitative evaluation of the enamel
surface in contrast to the quantitative results of the profilometric analysis. The main
drawbacks of this method are the assessor’s subjectivity and the fact that not all
grooves and every rough point can be measured (13,21). Among the specimens of the
present study, the waves of perikymata disappeared after stripping and parallel lines
or shallow grooves were found on the surface of treated enamel. A recent SEM study
showed that striping with the instrumented Ortho-Strips system left more regular and
less rough enamel surface conditions in comparison with classic manually-used
diamond abrasive strips (12).

Even though the present study provides considerable evidence on enamel properties
after a realistic in-vivo IPR protocol, it also has some limitations. Stripping in the clinical
setting is always conducted by a clinician and cannot be completely standardized.
Hand stripping with metal strips is inevitably conducted in a less standardized manner
in comparison with instrumented (handpiece) systems, and variability in the applied
grinding pressure and the position or the direction of the strip can be expected. In the
present study, all clinical procedures were performed by one experienced operator
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and the duration of stripping was kept constant for both groups. However, the
different methodologies used in the literature may render direct comparisons to other
studies challenging. Moreover, the real surface geometry is so complicated that a
finite number of parameters cannot provide a full description and this is one of the
reasons for introducing new parameters for surface evaluation. This is also the reason
why in this study, several widely-accepted methods were used to provide an overview
of the enamel surface condition.
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Conclusions

Stripping with either an instrumented handpiece-based or a manual strip-based
system led to a flatter but rougher enamel surface, with parallel lines and shallow
grooves found on the surface. However, similar elemental composition was
demonstrated between intact and stripped enamel surface of both experimental
groups after an extended period of exposure in the intraoral cavity.
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Tables

Table 1. Mean values and standard deviations in parentheses along with p values
for waviness and roughness components of teeth treated with the stripping device
on handpiece (n=19).

Waviness component Roughness component
Control Treated P value Control Treated P value

Sa 1.89(0.66)  0.39(0.14) P<0.001 0.22(0.04) 0.28(0.03)  P<0.001

Sq 2.38(0.82)  0.49(0.18) P<0.001 0.30(0.06) 0.37(0.05)  P<0.001

Sz 13.24(4.31) 2.68(1.03) P<0.001 8.85(3.19) 11.97(5.85) P=
0.026

Table 2. Mean values and standard deviations in parentheses or median and
25/75% percentiles in brackets along with p values for waviness and roughness
components of teeth treated with hand stripping manually (n=20).

Waviness component Roughness component
Control Treated P value Control Treated P value

Sa 2.05(1.01) 0.69(0.22) P<0.001 0.23(0.06) 0.28(0.05)  P=0.003

Sq 2.75(1.22)  0.84(0.29) P<0.001 0.27[0.24- 0.37[0.32-  P=0.001
0.35] 0.42]

Sz 13.13(5.63) 4.39(2.00) P<0.001 8.10(4.09) 11.31(3.84) P=0.037

Table 3. Quantitative results (mean, SD) in atomic percentage after EDS analysis for
the control and the treated surfaces.

Na P cl Ca Ca/P

ProxoStrip 1,25 31,98 0,99 65,76 2,08
(manually) (0,86) (3,65) (0,43) (4,79) (0,39)
Control 0,91 32,75 1,16 65,17 1,99
(0,18) (0,62) (0,18) (0,65) (0,05)

Ortho-Strips (on 1,60 33,90 1,15 63,33 1,86
handpiece) (0,43) (0,71) (0,15) (0,99) (0,06)
Control 2,34 35,32 1,01 60,98 1,72
(0,51) (0,63) (0,24) (1,13) (0,06)
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Figure 1. 2D image (first column), 3D image (second column), line scan at a horizontal
line (third column) and surface parameters values (fourth column). Vertical bars in
second column indicate individual amplitude range per image (20.3x times
magnification, 231x304 um? imaged area)
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Figure 2. Representative 3D profilometric images from the surfaces of control (A) and
treated (B) groups. All images have the same orientation with the long axis of the tooth
parallel to the long axis of the images. Vertical bars indicate individual amplitude range
per image (20.3x times magnification, 231x304 um? imaged area).

Figure 3. Raman spectra from the control (left) and treated region (right) of the same
teeth from the ProxoStrip group (manual stripping).

Figure 4. Raman spectra from the control (left) and treated region (right) of the same
teeth from the Ortho-Strips group (on handpiece).
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Figure 5. Representative backscattered electron images (BE) from a surface treated
with ProxoStrip (manual stripping). Parallel lines and shallow grooves and were

found on the surface of treated enamel by SEM analysis. Nominal magnification: 300
X,
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Figure 6. Representative backscattered electron images (BE) from a surface treated
with Ortho-Strips system (on handpiece). Nominal magnification: 300 x.
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Figure 7. EDX spectrum for element identification of the surfaces treated with Ortho-
Strips system.
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Appendix

A B D E F G H J L M (o] P Q R S T

1

2 |1strip 1_C.opd 2,79 3,6 19,16 0,23 031 7,73 1_T2.opd 0,51 0,61 3,11 0,29 0,43 19,82

3 |3strip 3_C.opd 1,84 2,23 10,84 0,27 0,35 7,24 3_T2.opd 0,23 0,28 1,34 0,29 0,37 537

4 4strip 4_C.opd 2,16 2,63 14,08 0,18 0,25 9,08 4 T2.0pd 0,31 041 2,72 0,23 03 10,66

5 |11strip 11_C.opd 2,78 3,44 15,74 0,25 0,32 7,52 11_T2.0pd 0,48 0,57 2,43 0,26 0,33 12,64

6 |13strip 13_C.opd 1,19 15 7,43 0,18 0,24 6,15 13_T2.0pd 0,36 0,46 2,56 0,35 0,45 14,95

7 |14strip 14_C.opd 2,39 3,05 16,62 0,28 0,36 7,81 14_T2.0pd 0,29 0,35 1,57 0,28 0,35 4,91

8 |17strip 17_C.opd 0,39 0,67 7,36 0,27 037 11,13 17_T2.0pd 0,26 0,32 1,36 0,28 0,35 8,76

9 |19strip 19_C.opd 1,89 2,27 10,23 0,18 0,23 6,36 19_T2.0pd 0,75 0,95 5,43 0,25 0,33 12,58

10 |22strip 22_C.opd 2,03 2,79 15,02 0,26 0,35 7,91 22_T2.0pd 0,45 0,56 3,18 0,25 0,34 12,82

11 | 26strip 26_C.opd 1,58 1,96 11,69 0,2 0,26 5,91 26_T2.0pd 0,28 0,36 1,92 0,31 0,39 5,68

12 | 27strip 27_C.opd 1,92 24 12,49 0,18 0,24 125 27_T2.0pd 0,23 0,27 1,45 0,27 0,35 7,55

13 |30strip 30_C.opd 2,81 3,35 19,07 0,22 0,29 11,46 30_T.opd 0,57 0,74 4,36 032 0,49 21,88

14 |31strip 31_C.opd 2,29 3,01 19,53 0,29 0,39 13,85 31_T.opd 0,18 0,24 1,78 027 0,34 7,34

15 |32strip 32_C.opd 2,53 3,25 16,84 0,24 0,36 14,3 32_T2.0pd 0,43 0,54 2,75 0,28 0,45 25,76

16 |35strip 35_C.opd 1,97 2,46 14,62 0,17 0,23 5,24 35_T.opd 0,54 0,69 3,42 0,26 0,33 5,6

17 |36strip 36_C.opd 1,72 2,23 17,07 0,2 0,26 54 36_T2.0pd 0,36 0,43 1,99 0,23 032 11,05

18 |39strip 39_C.opd 1,58 1,84 8,48 0,25 0,32 10,76 39_T2.0pd 0,43 0,55 2,65 0,31 04 10,69

19 |40strip 40_C.opd 1,05 1,29 6,08 0,19 0,26 13,53 40_T2.0pd 0,37 0,47 3,03 027 0,36 17,09

20 43strip 43_C.opd 1,06 1,28 8,78 017 0,22 3,84 43_T2.0pd 0,35 0,49 34 0,28 0,36 12,3

21

22 1,89 2,38 13,24 0,22 0,30 8,85 0,39 0,49 2,68 0,28 0,37 11,97

23 0,66 0,82 4,31 0,04 0,06 3,19 0,14 0,18 1,03 0,03 0,05 5,85

24

I_D ath ID .I
2_Copd 1,27 1,51 9,02 0,23 0,31 4,53 2_T2.opd 0,7 0,86 4,06 0,26 0,34 11,82
& Copd 348 4,26 21,73 0,29 0,37 8,08 & T2.opd 0,62 0,78 3,82 0,3 042 12,08
7_C.opd 187 2,25 11,88 0,19 0,25 497 7_T2.opd 1,11 1,38 7,01 0,36 0,52 13,08
9 Copd 1,18 1,47 7,68 0,18 0,23 402 9 T2.opd 0,7 0,87 47 0,3 0,48 22,72
10_C.opd 2,38 2,72 11,18 0,21 0,27 5,66 10_T2.o0pd 0,73 0,98 6,18 0,26 0,34 9,69
12 Copd 1,66 1,86 2,61 0,2 0,26 4,51 12 T2.opd 0,38 0,44 1,99 0,29 042 9,03
15_C.opd 2,35 2,87 13,85 0,18 0,23 8,44 15_T2.opd 0,55 0,66 3,26 0,21 0,28 9,02
16_C.opd 1,96 2,38 14,18 0,18 0,23 85 16_T2.opd 0,52 0,61 2,76 0,21 0,27 4,67
18 Copd 2,96 3,91 22,25 0,39 0,64 17,02 18 T2.opd 0,52 0,62 3,21 0,24 0,31 7,03
20_C.opd 048 0,64 3,88 0,21 0,27 4,43 20_T2.opd 0,75 0,89 4,08 0,29 0,38 13,61
24 Copd 2,07 2,73 14,19 0,29 0,39 ] 24 T2.opd 0,51 0,6 2,68 0,28 0,38 15,52
25 _C.opd 189 2,44 12,75 0,33 044 11,83 25_T2.opd 1,26 1,65 10,61 0,39 0,54 16,28
28 Copd 452 5,22 19,15 0,23 0,31 9,73 28 T2.opd 0,77 0,93 461 0,28 0,37 12,1
28_Copd 0,89 1,11 6,5 0,2 0,27 4,58 28_T2.opd 0,65 0,77 3,63 0,25 0,32 9,53
33 _Copd 3,58 45 20,86 0,22 0,31 10,93 33 _T2.opd 0,94 1,14 6,95 0,3 04 8,97
34 _Copd 1 1,2 5,5 0,11 0,16 4,06 34 T2.opd 0,7 0,85 457 0,23 0,3 9,83
37 Copd 1,45 1,85 9,59 0,18 0,24 5,53 37 _T2.opd 0,66 0,83 414 0,24 0,33 10,96
38 Copd 2,81 3,75 20,75 0,21 0,28 8,37 38 T2.opd 0,39 0,47 2,42 0,31 0,44 12,15
41 Copd 192 2,32 11,86 0,25 0,35 18,26 41 T2.opd 0,62 0,71 3,55 0,28 0.4 9,57
42 Copd 1,31 1,96 17,02 0,27 0,36 9,52 42 T2.opd 0,71 0,83 3,54 0,25 0,33 847
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Atomic percent (%)

Spectrum Na P Cl Ca
11 control 2 1
pilot control 3 0
13 control 1 1
11 handpiece 1 1
pilot handpiece 1 1
13 handpiece 430 2.10 34.61 0.98 62.31
9 control 0 1
10 control 430 0 1
18 control 430 1 1
18 stripping 430 2 1
10 stripping 430 0 0
0 1

9 stripping 430micron 85 32.44 27 65.43
Mean value: 1.61 33.49 1.08 63.81
Sigma: 0.87 2.10 0.25 2.91
Sigma mean: 0.25 0.61 0.07 0.84

Norm. mass percent (%)

Spectrum Na P Cl Ca
11 control 1.81 30.80 1.17 66.22
pilot control 2.12 29.92 0.72 67.24
13 control 1.15 29.58 1.08 68.19
11 handpiece 0.79 27.94 1.21 70.06
pilot handpiece 0.91 28.65 1.18 69.26
13 handpiece 430 1.32 29.35 0.95 68.38
9 control 0.44 27.17 1.01 71.38
10 control 430 0.59 28.16 1.02 70.23
18 control 430 0.66 27.19 1.32 70.83
18 stripping 430 1.42 30.10 1.19 67.29
10 stripping 430 0.41 23.30 0.47 75.82
9 stripping 430micron 0.53 27.22 1.22 71.03
Mean value: 1.01 28.28 1.05 69.66
Sigma: 0.56 2.00 0.24 2.56
Sigma mean: 0.16 0.58 0.07 0.74

28



