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3D profilometry of the fracture line in endodontically treated premolars, restored with
metal posts
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Endodontically treated teeth tend to be more fragile and susceptible to fracture than vital ones. There are numerous
techniques used for their restoration, but the assessment of the survival rates is limited because of the difficulties in
diagnostics. The aim of our study was to investigate the application of 3D profilometry for the visualization of cracks
and vertical root fractures in endodontically treated teeth. Eighteen extracted premolars, restored with prefabricated
metal posts and composite resin, were used. They were divided into 3 groups according to the extent of lost coronary
hard dental tissues. After thermocycling, they were tested in a standard mechanical test machine until fracture. The
fracture lines were visualized using 3D Profilometry. The results showed deeper, wider cracks with a vertical direction
towards the apex of the roots in the groups with extensive tissue loss. In conclusion, 3D profilometry proved to be a
quick, easy and highly informative method for assessing vertical root fractures.
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INTRODUCTION

Endodontic treatment is usually associated with
a reduction in the fracture resistance and the
resilience of the treated teeth [1]. This leads to an
increased number of vertical root fractures (VRF),
extraction of the tooth and subsequent
prosthodontic  treatment [2]. The reduced
mechanical properties of endodontically treated
teeth (ETT) could arise from a variety of factors:
changes in the moisture content of dentin with
aging and loss of pulp tissue [3], disintegration of
the organic matrix [4], the extent of tooth structure
reduction, as well as the restorative procedures
used. The different treatment options include: size,
diameter, length and material of the cemented post,
the presence of a ferrule and the cementation of an
appropriate crown [5].

The influences of these factors have been
extensively studied. Nevertheless, the options for
the assessment and visualization of the cracks and
fractures of ETT, remain limited. In many cases,
the VRF are not diagnosed until after the extraction
of the tooth in question. The prevalence of fractures
reported in clinical practice varies between 8.8 —

10.9 % [6, 7]. Still, the real percentage is believed
to be much higher, the reason being the difficulties
in diagnosing and assessing them.

3D profilometry is a fast, accessible and highly
informative  contemporary method for the
measurement of a surface’s profile. It provides both
gualitative and quantitative information of the
examined object’s roughness and topography. One
of the main advantages of profilometry is that there
is no need for any preliminary sample preparation
and there is no contact with the sample’s surface.
Therefore, the objects involved in the study cannot
be damaged in any way.

The highly detailed information, provided by the
method, is ideal for registering the subtle changes
that can occur in hard dental tissues. In dentistry, it
has been mainly used for the evaluation of enamel
surfaces after treatment with different abrasive
techniques [8]. Another possible application is for
the assessment of the qualities of new dental
materials, such as orthodontic wires that can lessen
biofilm adaptation, reduce friction and improve
corrosion resistance [9].

There is no available information in the
literature about the use of 3D profilometry in the
studying of vertical root fractures. Therefore, the
aim of our experiment was to explore the potential
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of this technique in assessing the depth, width and
topography of cracks that occur in ETT.

MATERIALS AND METHODS

Eighteen human, single root premolars, free of
cracks and defects were extracted for orthodontic or
periodontal reasons. They were stored in 0.2%
thymol solution for no longer than three months.
The bucco-lingual and mesio-distal widths of the
crowns were measured and only teeth of similar
sizes were selected for the experiment. They were
divided in 3 groups (n=6): teeth with a prepared
endodontic cavity only (E), teeth prepared with a
mesio-occlusal cavity (MO) and teeth prepared
with a messio-occlusal-distal cavity (MOD). All of
the samples were restored with rigid, passive
stainless steel prefabricated posts and composite
resin.

The teeth were then thermocycled for 5000
cycles between 5+5°C and 55+5°C (LTC 100,
LAM Technologies, Italy). Subsequently, their
roots were embedded in self-curing resin to a
level 2 mm apical to the cementoenamel junction
(CEJ) using a modified technique, proposed by
Soares et al. [10]. The periodontal ligament was
simulated using a polyether-based impression
material (Impregum Garant L Duo Soft, 3M
ESPE).
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Fig. 1. Typical load-strain diagram of premolars,
restored with metal posts.

The specimens were loaded in compression
along the axis of the tooth until failure in an
universal testing machine Ful000e at a cross-
head speed 4mm/min. For each groups, a
diagram of the load at initial fracture was
recorded (Fig. 1). Afterward, the mean failure
loads were calculated. One-way analysis of
variance (ANOVA) was applied to determine
statistically ~ significant ~ differences.  The
significance level was established at a P value <
0.05. They were then examined under
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magnification for fracture lines determination.
One representative tooth of each group was
selected for examination with 3D profilometry.
The profilometer used was Zeta-20 (Zeta
Instruments) with vertical resolution <1 mm,
field of view between 0.006 mm? and 15 mm?
and magnification of 5x, 20x, 50x and 100x. The
examined region of the tooth was the coronal 1/3
of the root for all the specimens. At each Z
position, the profiler records the XY location and
the precise Z height of the pixels and this
information is used to create a true color 3D
image and a 2D composite image.

RESULTS AND DISCUSSION

The summarized results of the width and
depth of the examined cracks are presented in
Table 1.

Table 1. Width and depth of the cracks for each of the
representative teeth (E — endodontic cavity, MO —
mesio-oclusal cavity, MOD — mesio-occlusal-distal
cavity).

Group Width (um) Depth (um)
E 3.2-65 4-78
MO 25-28 14-31.7
MOD 96.7 — 107.6 68.4 — 148.6

A 3D image of the surface topography for
each representative tooth is presented in Fig. 2 —
Fig. 4.
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Fig. 2. Topography of the representative sample from
group E (50x magnification).

In endodontics, 3D profilometry has been
mainly used for the assessment of dentin’s
roughness, after treatment with different
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medicaments. Yassen et al. investigated the
effect of various endodontic regeneration
protocols (NaOCIl, CaOH, EDTA and antibiotic
paste) on dentin [11]. The surface roughness was
characterized using optical profilometry and the
results showed a significant increase in the
groups treated with a combination of NaOCI and
EDTA. A different approach was successfully
attempted by Larimer et al. [12]. Instead of using
profilometry on hard dental surfaces, they
attempted to measure the biofilm thickness from
initial colonization to maturity.
O
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Fig. 3. Topography of the representative sample from
group MO (50x magnification).
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Fig. 4. Topography of the representative sample from
group MOD (20x magnification).

The evidence, presented in the literature,
shows that profilometry can successfully be used
not only in the general field of dentistry, but also
in endodontics. This is confirmed by our results.

The traditional method for assessment of vertical
root fractures is the use of a stereomicroscope
[13, 14]. Another way for achieving a better
visualization is through the use of different dying
techniques [15]. These  methods, like
profilometry, provide a quick and easy way of
investigating cracks, without the need of any
sample preparation. They, however, rely only on
the subjective visual assessment of the operator,
in order to determine the severity of the
cracks/vertical root fractures. In contrast, the
method of profilometry can provide quantitative
information about their depth and width.

In our study, there is a clear tendency in the
formation of wider and deeper cracks on the
surface of the teeth with the increase in dental
tissue loss (Table 1). This is in agreement with
the information that is available in the literature.
Teeth with extensive cavity preparations and loss
of dentin (because of caries, fracture and
endodontic treatment) tend to be more fragile and
show higher rates of catastrophic vertical root
fractures. According to Reeh et al., endodontic
treatment alone decreases the fracture resistance
of premolars with 5%, but when combined with a
mesio-occlusal or mesio-occluso-distal
preparation, the percentage rises to 20% and
63%, respectively [16].

The obtained 3D images of the surface
topography are also highly informative. The
image of tooth in the group with endodontic
cavity only (Fig. 2) shows a network of narrow
cracks that span vertically towards the apex, as
well as horizontally. In contrast, the images of
the teeth in the groups with MO and MOD
cavities (Fig. 3 and Fig. 4) show one wide, deep
crack that extends towards the apical region.
Therefore, in teeth without extensive loss of
dentin, the formation of the cracks tends to be in
a more horizontal direction, which in turn can
result in a more favourable outcome. Teeth with
cracks that do not extend beyond the coronal 1/3
of the root can be restored with a combination of
surgical or orthodontic methods. On the other
side, the deep, vertical fracture lines observed in
the teeth with extensive loss of dentin (groups
MO and MOD), are less likely to be restorable.
In most cases, the only choice of treatment
remains the extraction of the tooth, in
combination with prosthodontic or implant dental
treatment.

CONCLUSIONS
In conclusion, the method of 3D profilometry
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(Pesrome)

Ennononrcku nexyBanure 3p6u (EJI3) ca mo-kpexku W momaTnuBu Ha (PakTypd OT BHUTAIHUTE.
ChpimecTByBa pazHooOpa3re OT TEXHUKH M MaTepHalld 32 TSIXHOTO BH3CTAHOBSIBAHE, HO BH3MOXKHOCTUTE 34
OllCHKa Ha TIPEXKUBSEMOCTTa Ha JIeKyBaHWTE 3h0M ca orpanndeHd. OCHOBHM IPHYMHH 33 TOBa ca
TPYJHOCTUTE B JAMArHOCTUKATa, MPE] KOUTO CE M3MpaBs BCEKH JIEKap MO JEHTalHa MeauuuHa. llenra Ha
HaIIeTO HW3CJe/BaHE € Ja C€ OIEHAT Bb3MOxHOcTHTe Ha 3D mpodmmomerpusita 3a Builyain3anus Ha
MyKHATHHUTE ¥ BEPTHKATHUTE KOpeHOBU (pakTypu, kouto HactenBar npu EJI3. B wuscnenBanero ca
BKIIIOYEeHH 18 eKxcTpaxupaHH NpeMoJiapa, Bb3CTaHOBEHH C (aOpHyHH METalHH IIU(PTOBE U KOMIIO3UTEH
Matepuai. OOpasuure ca pasnpeaeieHd B 3 TPYIH, CIOpel CTENeHTa Ha 3ary0a Ha KOPOHApHU TBBPIU
300N ThKaHu (T3T). Cnex TepMommknnpane, Te ca MOUIOKEHN HA TeCT 3a (hpakTypHa M3APHKIMBOCT B
CTaHJapTHA U3MUTATEIIHA MAIIMHA, IO HACTHIIBAaHETO Ha (hpakTypa. OpakTypHHUTE JIMHUM ca BU3YyaTU3UPAHU
¢ nomomra Ha 3D mpodunomerpus. Pesynrarure 3a rpymnute ¢ excreHsuBHa 3aryba Ha T3T mokasBat
HaJIMYUETO Ha MyKHATHHU C ToJisiMa IIMPHHA M TBHJIOOYMHA, KOUTO CE€ Pa3mpoCTpaHSBAT BbB BEPTHKAIIHA
MocoKa KbM arekca Ha 3b0a. B 3akmouenwe, 3D mpoduiomerpusita € Obp3, JOCTBICH W BHCOKO
WHPOPMATUBEH METOM, KOMTO YCIIEIIHO MOXKE /1a Ce MpHJjiara 3a OLeHKa Ha BEPTUKATHI KOPEHOBH (HPaKTypH
npu EJI3.
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