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MORPHOMETRIC CHARACTERIZATION OF ENAMEL AND DENTIN SURFACE
MICROGEOMETRY UNDER DIFFERENT PREPARATION PROTOCOLS

Introduction. Adhesive restorations in modern dentistry require the formation of an optimal microgeometry
ofenamel and dentin surfaces to ensure effective micromechanical retention and long-term stability of the adhesive
interface. Different preparation protocols, including rotary and air-abrasion techniques combined with acid
etching, produce distinct morphological changes in hard dental tissues. However, quantitative assessment
of these changes using modern surface metrology parameters in accordance with ISO 21920 standards remains
insufficiently explored.

Objective. To evaluate the effect of different preparation protocols (rotary and air-abrasion, with and without
acid etching) on the microgeometry of enamel and dentin surfaces based on morphometric surface parameters.

Materials and Methods. Enamel and dentin specimens were subjected to four preparation protocols:
rotary preparation without etching (Group 1), rotary preparation with etching (Group 2), air-abrasion without
etching (Group 3), and air-abrasion with etching (Group 4). Surface microgeometry was assessed using Ra
and SDq parameters for enamel, and Slope and P95 parameters for dentin in accordance with ISO 21920 surface
metrology approaches. The obtained values were analyzed comparatively across the groups.

Results. For enamel, a progressive increase in Ra and SDq values was observed from Group 1 to Group 4,
with the highest values recorded after combined air-abrasion and acid etching. For dentin, Slope and P95
demonstrated a similar trend, with minimal values after rotary preparation without etching and maximal values
after combined air-abrasion and etching. Acid etching enhanced the effect of mechanical treatment by forming
a more developed microrelief and promoting the opening of dentinal tubules.

Conclusions. The preparation method and acid etching significantly influence the microgeometry parameters
of enamel and dentin surfaces. The combination of air-abrasion and acid etching produces the most developed
microgeometry of dental hard tissues, creating morphological prerequisites for improved micromechanical
adhesion of restorative materials and representing a promising clinical approach for optimizing adhesive
restorations.
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MOP®OMETPUYHA XAPAKTEPUCTHUKA MIKPOI'EOMETPII IOBEPXHI EMAJII
TA AEHTHUHY 3A PI3HUX ITPOTOKOJIIB ITIPEITAPYBAHHSA

Beryn. AnresuBHi pectaBpamii B cy4acHiid ctomarosorii morpeOyroTh (opMyBaHHA ONTHMAaJIBHOI MIKpO-
reoMeTpii MOBEpXHI eMaii Ta JEeHTHHY, II0 3a0e3Iedye peani3almiio MiKpoMeXaHi9HO1 peTeHIii Ta JOBTOTpH-
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BaJTy CTaOlIBbHICTD aire3UBHOTO 3’ €1HaHHA. Pi3HI MpoTOKoIM penapyBaHHs (POTOPHI Ta HOBlTpSIHO -abpa3uBHi)
y IO€AHAHH] 3 KUCIIOTHAM TMPOTPABJICHHSM I10- Pi3HOMY BITUBAIOTH Ha MOP(OJIOTiO HOBerHl TBEPAMX TKAaHUH
3y0a. BogHouac KinpKicHa OLIHKA WX 3MiH 13 BUKOPHCTaHHSAM CyYacHHX MapaMeTpiB MOBEPXHEBOI METPHKH
BimmoBigHO 10 cranAapTiB SO 21920 3anumraeThcst HEIOCTATHRO BUCBITIICHOO.

Merta gocainzkeHHsI — OLIHUTH BIUIMB Pi3HUX MPOTOKONIB IpenapyBaHHs (POTOPHOIO Ta MOBITPsIHO-abpa-
3MBHOTO, 3 IPOTPABJICHHIM 1 6€3 HbOro) Ha GOPMYBaHHS MiKPOr€OMETpii MOBEPXHi eMaJli Ta AEHTHHY Ha OCHOBI
MOp(GOMETPUYHHIX TaPaMETPiB MOBEPXHI.

Marepiajau Ta metoau. JlocikeHHs] BUKOHAHO Ha 3pa3Kax eMali Ta JeHTUHY, HiIIaHuX YOTHPHOM MpO-
TOKOJIaM 0OpOOKH: pOTOpHE NpenapyBaHHA Oe3 npoTpasieHHs (1-1ma rpymna), poTopHe 3 IpOTpaBICHHM (2-Ta),
MOBITPsIHO-a0pa3zuBHe Oe3 mpoTpasieHHs (3-T4), MOBITpsiHO-aOpa3uBHE 3 MpoTpaBieHHAM (4-Ta). Mikporeo-
METpilo OBEPXHI OLiHIOBaJHM 3a mapamerpamu Ra ta SDq ms emaiti, a Takox Slope ta P95 nnst nentuny Bin-
MOBITHO 10 miaxoniB moBepxHeBoi MeTpuku ISO 21920. OTpumMaHi 3Ha4€HHs aHaJi3yBall MOPIBHSIBHO MiXK
rpynamu.

Pe3yanbsTaTn. J{1s emMani BCTaHOBJICHO MOCHiJOBHE 3pocTaHHA noka3HukiB Ra ta SDq Big 1-i 1o 4-i rpynu
3 MaKCUMaJIbHUMH 3HaYEHHSAMH 32 KOMOIHOBaHOTO MOBITPSIHO-a0pPa3sMBHOTO MpENapyBaHHs 3 MPOTPABICHHSIM.
Hns nentuny nokasHukd Slope ta P95 mponmemoHCTpyBanu aHajoOriyHy TEHACHLIIO: MiHIMadbHI 3HAUEHHS
MICJIsE POTOPHOTO MpenapyBaHHs 0e3 MPOTpaBIEHHs Ta MaKCUMAaJIbHI B pa3i O€AHAHHS MOBITPSHO-a0pa3uBHOI
00pOOKH 3 POTPABICHHAM. 3aCTOCYBaHHS IPOTPABIICHHS MiACHIIOBAIO €PEeKT MeXaHiuHOi 0OpoOKH, GpopMmy-
104 OB PO3BHHEHHH MiKpoOpenbe( MOBEPXHI Ta COPUSIOUN BIIKPUTTIO IEHTHHHUX KaHAJbBLIB.

BucHoBku. Meton npenapyBaHHs i KUCIIOTHE MPOTPABICHHs 1CTOTHO BIUIMBAIOTH HA MapaMeTpu MIKpo-
reoMeTpii moBepxHi emali Ta AeHTUHY. [loenHaHHS HOBiTpﬂHO a0pa3rBHOTO BIUIMBY 3 MPOTPaBICHHIM 3a0e3-
neyuye q)opMyBaHHﬂ HaiO1IbII PO3BHHEHOT MleOFeOMCTpll TBEPIMX TKAHHH 3y6a 110 CTBOPIOE MopdooriuHi
nepeayMOBH AT TiABUIICHHS M1Kp0MexaH1qH01 aaresii pecraBpaliiHUX MaTeplamB 1 MOXe pO3IIIsAaTHCS SIK
MEPCHOEKTUBHUMN KIHIYHUH MiAX1A AT ONTUMI3aLi] aAre3uBHUX pecTaBpallii.

KurouoBi cioBa: mikporeomeTpisi mOBEpXHi, eManb, AEHTHH, MOBITPSIHO-a0pa3uBHE MpemnapyBaHHs, KUC-
JIOTHE MPOTPABIICHHS, aare3ist, MophoMeTpis.

Introduction. Adhesive restorations are of restorations [4—6]. The adhesive interface

an integral component of modern minimally
invasive dentistry, and their effectiveness is largely
determined by the microgeometry of the surface
of dental hard tissues. It is the microrelief
parameters that create the conditions for
micromechanical retention and the stability
of the adhesive interface [1].

In clinical practice, various preparation
protocols are used for enamel and dentin, including
conventional rotary preparation and air-abrasion
techniques, which differ in their mechanisms
of interaction with dental tissues and, consequently,
produce different surface morphologies [2].
Additional acid etching modifies the microstructure
of both enamel and dentin by increasing
microporosity and facilitating the opening
of dentinal tubules [3]. Air-abrasion treatment
significantly alters the microrelief architecture
of dental hard tissues, intensifies the surface
texture of enamel and dentin, and increases
their roughness parameters. Such changes in
microgeometry expand the effective contact area
and optimize the conditions for adhesive fixation
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of dental tissues formed after air-abrasion is
characterized by pronounced microtextural
heterogeneity, in contrast to the more ordered
surface geometry typical of conventional rotary
instrumentation [7].

Despite the considerable number of studies
devoted to the adhesion of restorative materials,
the quantitative assessment of enamel and dentin
surface microgeometry after different preparation
protocols remains insufficiently systematized. This
is particularly relevant for comparative analyses
based on modern surface metrology standards
(ISO 21920), which allow objective evaluation
of both height and gradient characteristics
of the surface.

Therefore, a comprehensive investigation
of enamel and dentin microgeometry following
different preparation and adhesive conditioning
protocols using quantitative morphometric
parameters is of high relevance, as it may provide
a scientific basis for selecting optimal clinical
protocols to enhance the effectiveness of adhesive
restorations.
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Objective. The aim of the study was to evaluate
the effect of different preparation protocols on
the formation of enamel and dentin surface
microgeometry based on morphometric surface
parameters.

Materials and Methods. The surface
microgeometry of enamel and dentin was
investigated using five third molars extracted
due to impaction in patients without signs
of carious lesions. Each tooth was sectioned
in the mesiodistal direction into two halves,
and the specimens were allocated into four
groups according to the preparation and adhesive
conditioning protocols.

Specimen  Preparation Protocols. In
Groups 1 (n = 5) and 2 (n = 5), the surfaces
were prepared using rotary instrumentation with
a coarse-grit spherical diamond bur (abrasive
grain size 100—-125 pm) in a high-speed handpiece
with water spray. New burs were used after every
five specimens. The prepared cavities were rinsed
with a syringe and air-dried using oil-free air.

For specimens in Groups 3 (n = 5) and 4
(n = 5), an air-abrasion technique was applied
using 50 pm ALOs particles at a 45° angle,
under an air pressure of 0.41 MPa, at a distance
of 2 mm, using a Sandman Futura air-abrasion
unit (Denmark).

No preliminary etching of dental tissues was
performed in Groups 1 and 3. In Groups 2 and 4,
the surfaces were etched after preparation using
37% phosphoric acid gel. Enamel was etched
for 30 seconds according to the manufacturer’s
instructions, and dentin for 15 seconds. The
specimens were then thoroughly rinsed for
30 seconds and air-dried with oil-free air.

The surface  microrelief of enamel
and the microgeometry of dentin were evaluated
based on digital microimages obtained after
preparation of the specimens.

The primary images were processed using
ImageJ software (NIH, USA) with the 3D
Surface Plot function. Surface height maps were
exported in text (TXT) format containing X
and Y coordinates and corresponding intensity
values (Z).

Tom 3 Ne 1 (2026)

The obtained data were used as a numerical
matrix representing the surface height profile,
on the basis of which the microrelief parameters
were calculated.

For  enamel surface microgeometry,
the parameters Ra and SDq were applied, reflecting
theheightandgradientcharacteristicsofacontinuous
mineralized surface: Ra — the arithmetic mean
surface roughness; SDq — the root mean square
gradient of the surface (microrelief intensity).

For dentin surface microgeometry, which
is characterized by a tubular microstructure,
the parameters Slope and P95 were used to
assess the degree of dentinal tubule opening
and the intensity of the microrelief taking into
account extreme values: Slope — the mean
surface slope (gradient); P95 — the 95th percentile
of microrelief amplitude.

All parameters were evaluated in accordance
with ISO 21920 surface metrology standards [8].

The parameters were calculated by
mathematical processing of the height matrices
(X—Y—Z) using spreadsheet software and standard
profilometric data processing algorithms. The
microrelief parameters were derived from
normalized pixel intensity values and expressed
in arbitrary units (a.u.).

For each specimen, the analysis was performed
on a standardized surface area of equal size.
Prior to parameter calculation, the following
preprocessing steps were applied: normalization
of height values, removal of edge artifacts,
and centering of the height profile.

The study protocol was approved by
the Bioethics Committee for Experimental
and Clinical Research of the Educational
and Scientific Medical Institute of Sumy State
University (Protocol No. 1/05 dated May 1, 2025).

Results. The  morphometric  analysis
of the surface microgeometry of dental hard
tissues demonstrated consistent changes in enamel
and dentin microrelief parameters depending on
the applied preparation protocol (Figs. 1a—b, 2a-b).

The enamel microrelief parameters, assessed
using Ra and SDq, showed a progressive increase
from Group 1 to Group 4 (Figs. 1a, 1b).
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Fig. 1a. Enamel microrelief parameters (Ra) after different preparation methods
Note: Ra — arithmetic mean surface roughness (a.u.)
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Fig. 1b. Enamel microrelief parameters (SDq) after different preparation methods
Note: SDq — root mean square surface gradient (microrelief intensity) (a.u.)

In Group 1 (rotary preparation without The application of acid etching after rotary
etching), the lowest values were observed for preparation (Group 2) resulted in a pronounced
both the arithmetic mean surface roughness (Ra) increaseinbothparameters,indicating the formation
and the root mean square surface gradient (SDq), of a more developed microrelief surface structure.

corresponding to a relatively smooth enamel In Group 3 (air-abrasion without etching),
microrelief. the values of Ra and SDq also exceeded those
10 VIA STOMATOLOGIAE
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of Group 1 but remained lower than in Group 2,
reflecting the formation of a moderately expressed
microrelief due to mechanical abrasive action.

The highest values of both parameters were
recorded in Group 4 (air-abrasion combined with
acid etching), indicating the formation of the most
developed enamel surface microgeometry under
the combined influence of mechanical
and chemical factors.

Tom 3 Ne 1 (2026)

The morphometric parameters of dentin surface
microgeometry, assessed using Slope and P95,
demonstrated a similar trend (Figs. 2a, 2b).

In Group 1, the lowest values were observed
for both the mean surface slope (Slope)
and the 95th percentile of microrelief amplitude
(P95), corresponding to a less pronounced
microrelief and a relatively limited opening
of dentinal tubules.
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Fig. 2a. Dentin microrelief parameters (Slope) after different preparation methods

Note: Slope — mean surface slope (gradient) (a.u.)
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Fig. 2b. Dentin microrelief parameters (P95) after different preparation methods

Note: P95 — 95th percentile of microrelief amplitude (a.u.)
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In Group 2 (rotary preparation with etching),
both parameters increased markedly, indicating
intensification of surface microgeometry
and a greater degree of exposure of tubular
structures.

Air-abrasion without etching (Group 3)
resulted in a moderate increase in Slope and P95
compared with Group 1; however, these values
remained lower than those in Group 2.

The highest values of both parameters were
recorded in Group 4 (air-abrasion combined with
acid etching), indicating the most pronounced
microgeometric transformation of the dentin
surface and the greatest degree of dentinal tubule
opening.

Discussion. The results of the present study
demonstrate a clear pattern in the influence
of preparation method and acid etching on
the formation of the microrelief of dental hard
tissues. For both enamel and dentin, a progressive
increase in surface microgeometry parameters was
observed when moving from rotary preparation
without etching to air-abrasion combined with
acid etching.

The increase in Ra and SDq values following
acid etching and air-abrasion reflects the formation
of a more developed microporous enamel
surface structure. This finding is consistent with
established concepts of selective dissolution
of prismatic and interprismatic enamel substance
under acid etching, leading to the formation
of a micromechanically retentive surface [9]. Air-
abrasionpreparation,inturn,createsmicroroughness
through mechanical microchipping and surface
erosion [10]. The combined action of these factors
explains the maximal microrelief parameter values
observed when air-abrasion is combined with acid
etching.

In contrast to enamel, dentin has
a more complex structural organization, including
dentinal tubules, an organic matrix, and variable
mineralization [11]. The present results showed
that Slope and P95 values increased markedly
with the use of acid etching and air-abrasion
technology, indicating the formation of deeper
and steeper microstructural features.
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This effect is likely associated with the removal
of the smear layer, opening of dentinal tubule
orifices, and partial demineralization of peritubular
dentin [12]. Air-abrasion additionally enhances
these effects through mechanical cleaning
and microerosion of the surface [1; 13].

Different morphometric parameters were
used taking into account the differences in
the structural organization of enamel and dentin.
Despite their distinct histological structure, both
tissues demonstrated a similar trend — an increase
in microrelief parameters under the combined
influence of mechanical and chemical treatment.
This indicates the universality of the mechanisms
responsible for the formation of a retentive
microrelief for adhesive technologies.

At the same time, the magnitude of changes
was more pronounced for dentin, which can be
explained by its lower degree of mineralization
and the presence of an organic matrix sensitive to
acid conditioning.

An increase in surface microrelief parameters
of dental hard tissues is directly associated with
an enhanced potential for micromechanical
adhesion of restorative materials. The obtained
data allow the following practical conclusions
to be drawn: acid etching is a critical step
in the formation of an adhesive surface
for both enamel and dentin; air-abrasion
preparation provides a more developed surface
microgeometry compared with conventional
rotary instrumentation; and the combination
of air-abrasion with acid etching creates
the most favorable conditions for adhesion.
These findings are consistent with previous
studies demonstrating that surface microrelief
is a key factor in establishing adhesive contact
between dental hard tissues and composite
materials [2].

Atthe same time, certain limitations of the study
should be acknowledged. The obtained microrelief
parameters are based on digital image analysis
and do not include direct evaluation of adhesive
bond strength. In addition, the results were
obtained under laboratory (in vitro) conditions
and do not account for biological factors present

12
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in the oral environment. Further research should
be aimed at integrating morphometric surface
analysis with mechanical testing of adhesive
strength and long-term clinical observations.

Conclusions. It was established that
the preparation method and the use of acid
etching significantly influence the microgeometry
parameters of dental hard tissues.

For enamel, a progressive increase in
the arithmetic mean surface roughness (Ra)
and the surface gradient (SDq) was observed in
the following order: rotary preparation without
etching, air-abrasion without etching, rotary
preparation with etching, and air-abrasion
combined with etching.

For dentin, a similar pattern was found:
the values of mean surface slope (Slope)

Tom 3 Ne 1 (2026)

and the 95th percentile of microrelief amplitude
(P95) were minimal after rotary preparation
without etching and maximal when air-abrasion
was combined with acid etching.

The combination of mechanical (air-abrasion)
and chemical (acid etching) effects provides
the formation of the most developed surface
microgeometry of both enamel and dentin.

An increase in the microrelief parameters
of dental hard tissues creates morphological
prerequisites for enhanced micromechanical
adhesion of restorative materials.

The obtained results substantiate the feasibility
and clinical relevance of using air-abrasion
preparation combined with acid etching as
a promising approach for optimizing adhesive
restorations.
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