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Abstract

INTRODUCTION. Diagnosis of pulp diseases remains a pressing issue in dentistry, which is determined by
their high prevalence and, in some cases, latent course.

AIM. To study new technologies developed for hardware testing of pulp vitality based on modern literature data.
MATERIALS AND METHODS. A systematic search was performed in the electronic databases PubMed,
Google Scholar, eLibrary, Google Patents. The search depth was 6 years — from 2019 to 2024.

RESULTS. The search in the electronic library databases initially yielded 793 results. After screening titles and
abstracts and removing duplicates, 368 articles were identified, assessed by reading their full text, and analysis
of whether the publication criteria were met; 65 articles were included in the systematic review. Based on the
results preliminary screening and application of the eligibility criteria, 15 publications were included in the quali-
tative analysis and 7 publications in the quantitative analysis, 43 publications were used to write the introduction
text and in the discussion of the study results. Based on the patent search, 4 patents were included in the analy-
sis. Most of the well-conducted and documented studies were devoted to the pulse oximetry method.
CONCLUSIONS. An analysis of modern literature sources showed that the most common methods for
assessing pulp vitality are laser Doppler flowmetry and pulse oximetry. Pulse oximetry is the most accurate
diagnostic tool. Alternative diagnostic methods are increasingly being explored for their potential to assess
pulp vitality. The most frequently mentioned methods in scientific publications for 2019-2024 are: ultrasound
Doppler flowmetry, transillumination, magnetic resonance imaging, speckle imaging, tooth temperature
measurements, electroodontometry and plethysmography. However, to date, none of the alternative methods
for diagnosing pulp vitality have been integrated into clinical practice, indicating an ongoing challenge in
creating a reliable approach to assessing pulp vitality.
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Pe3sioMe

BBELOEHWE. OgHoW 13 akTyanbHbIX NPOo6ieM COBPEMEHHOM CTOMATONOMMN SBASIETCA NPYMEHEHWEe AnarHo-
CTNYEeCKOro apceHana ndy4eHnda BnTaJibHOCTU Nynblibl 3y608 B TeX NN UHbIX KNMHNYEeCKNX cny4vasx.

LIEJSTb NCCNEOOBAHWA. Ha ocHoBaHMM 0630pa nnTepaTypHbIX AaHHbIA U3Y4UTb MIHHOBALVOHHbIE TEXHOJO-
rmn gna onpegeneHna BUTaiabHOCTU NyJibribl 3y6OB.

© Shadrina K.V., Orekhova L.Yu., Goncharov V.D., Vashneva V.Yu., Silina E.S., Kosova E.V., Petrov A.A., 2025

9Hdodonmus Volume 23, no. 3/ 2025


https://doi.org/10.36377/ET-0085
https://orcid.org/0000-0002-3022-3665
https://orcid.org/0000-0002-8026-0800
https://orcid.org/0000-0001-6627-4723
https://orcid.org/0000-0001-5548-4389
https://orcid.org/0000-0002-5977-9173
https://orcid.org/0000-0003-3433-3623
https://orcid.org/0000-0003-3433-3623
https://doi.org/10.36377/ET-0085
https://orcid.org/0000-0002-3022-3665
https://orcid.org/0000-0002-8026-0800
https://orcid.org/0000-0001-6627-4723
https://orcid.org/0000-0001-5548-4389
https://orcid.org/0000-0002-5977-9173
https://orcid.org/0000-0003-3433-3623
https://orcid.org/0000-0003-3433-3623
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.36377/ET-0085&domain=pdf&date_stamp=2025-08-05

MATEPUAbI N METObl. CuctemaTtmnyieckmin nonck Obin BbINOSHEH B 3IEKTPOHHbIX 6a3ax aaHHbix PubMed,
Google Scholar, eLibrary, Google Patents. My6uHa noncka coctasuna 6 net — c 2019 no 2024 r.
PE3YJNbTATHI. Mownck B 6adax anekTPOHHbIX 6MONMOTEK NepBoHadYanbHo gan 793 pesynbrata. lNocne
yoaneHus oyonmkatoB 6bi510 naeHTudunumpoBaHo 368 ctatel, Ha OCHOBaAHUM COOTBETCTBUSA KPUTEPUSIM
BKJIlOYEHUS Ny6nvkauum BblgeneHo 65 ctatelt B cuctematndecknini 063op. B panbHenwem 15 nybnunka-
UM OblNM BKJIIOYEHbI B KAYECTBEHHbIN aHann3 u 7 nyonmkaunin B KONMYECTBEHHbI aHanua, 43 nybnun-
Kauuin 661 MCNONb30BaHbl OJ1 HANNUCaHUA TeKcTa BBEAEHUS U Npu 0OCyXAeHMN pe3yNbTaToB Uccne-
LOoBaHuS.

BbIBObl. Ha ocHOBaHMN nuTepaTypHbIX AaHHbIX MOXHO BbIAENNTb cleayoume Hanbdonee pacnpocTpaHeH-
Hble METOAVKAMMU N3YHEHUS BUTANIbHOCTM Myblbl 3y60B, K KOTOPbIM MOXHO OTHECTU METO[, 1a3epHOn non-
NnepoBCKOn GioyMmeTpun 1 nynbcokcumeTpun. Cpeam HeTpaguUMOHHbLIX METOO0B ANArHOCTUKN BUTab-
HOCTM NyNbMbl BCE Yallle NCCNeayioTCs C MOMOLLLIO YbTPa3BYKOBOW A0NMAEPOBCKON hIOyMETPUN, TpaHC-
MANIOMUHALNK, MarHUTHO-pe30HaHCHasa Tomorpaduun, cnekn-sudyanm3aumn, U3MepeHus TemnepaTtypbl
3y00B, 91eKTPOOAOHTOMETPUN 1 NNeTu3Morpadun.

KnioueBblie cnoBa: annapaTHble METOAbI, ANArHOCTMKA, BUTANIbHOCTb MyJblbl

UHdpopmauumsa o ctatbe: noctynuna — 01.03.2025; ucnpasneHa — 10.04.2025; npunara — 19.04.2025
KoH®AUKT nHTepecoB: aBTOPbI COOOLLAIOT 06 OTCYTCTBUN KOHPNUKTA UHTEPECOB.

BnaropgapHocTu: GUHAHCUPOBAHME U MHANBUAYANbHbIE 6N1arofapHOCTY A5 AEKNAPUPOBAHNS OTCYTCTBYIOT.

Ana umtuposanmsa: LLlagpmnHa K.B., Opexosa J1.10., lTonyapos B.[., BawHésa B.1O., Cunnna 3.C., Koco-
Ba E.B., lNeTpoB A.A. CoBpeMeHHbIe acnekTbl UCMNOSIb30BaHMA annapaTHbiX MeTO40B ANarHOCTUKU BUTaSb-
HOCTU Nynbnbl (HacTb 2. HeTpagMumMoHHbIE METOAbLI ANarHOCTUKKN). SHAoAoHTMS Today. 2025;23(2):422-431.
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INTRODUCTION

In endodontic practice, the assessment of the den-
tal pulp condition is a crucial and necessary diagnos-
tic tool, as diagnosis constitutes an integral part of
planning subsequent treatment strategies. The gold
standard for determining pulp vitality is its direct eva-
luation via histological sectioning. However, since the
pulp is surrounded by a calcified barrier, such assess-
ment is not feasible prior to the initiation of endodontic
treatment.

Given the inability to directly visualize the pulp, indi-
rect methods must be employed to assess its condition
by evaluating innervation — for example, pulp sensitivity
tests. The most commonly used tests for assessing pulp
sensitivity are thermal and electric pulp tests, which
stimulate pulpal nerves either through the movement of
dentinal fluid induced by temperature fluctuations, re-
sulting in the movement of odontoblastic processes and
mechanical stimulation of pulpal nerves, or through the
application of an electric current to the tooth, producing
electrical stimulation of the pulp nerves [1; 2].

The primary mechanism of the electric pulp test in-
volves initiating ionic changes across the nerve mem-
brane through electrical stimuli, which affect the action
potential via rapid depolarization at the nodes of Ran-
vier in myelinated nerves [3]. Contemporary pulp sensi-
tivity testing methods indirectly evaluate pulp vitality by
assessing the neural response, without accounting for
vascular circulation, which may result in false-positive
responses in teeth that have temporarily or permanently
lost sensory function and do not respond to such tests
despite the presence of an intact vascular network [4].

The limitations of pulp sensitivity testing have been
addressed by the development of pulp vitality test-
ing methods such as pulse oximetry (PO), laser Dop-
pler flowmetry (LDF), and ultrasonic Doppler flowmetry

(UDF), which assess pulpal blood flow without relying
on patient responses and are considered to provide a
more accurate evaluation of pulp status. PO measures
oxygen saturation within the pulp chamber using a non-
invasive probe with two diodes placed on the tooth,
whereas LDF and UDF assess vascular flow within the
dental pulp by evaluating the “concentration and veloc-
ity of blood cells,” thereby reflecting indicators of pulpal
perfusion and vitality [5; 6].

The limitations of pulp sensitivity testing have been
addressed through the development of pulp vitality as-
sessment methods. However, laser Doppler flowmetry
and pulse oximetry have not yet gained widespread
use in routine dental practice, which has prompted in-
creased scientific interest in alternative diagnostic ap-
proaches for evaluating pulp vitality.

Among the non-conventional methods currently
under investigation are optical diagnostic techniques,
ultrasonic Doppler flowmetry, magnetic resonance im-
aging, terahertz imaging, and dental thermography [7].

MATERIALS AND METHODS

Search Strategy

A systematic electronic search was conducted
in the international databases PubMed and Google
Scholar, as well as in the Russian scientific electro-
nic library eLibrary. Patent searches were performed
using the Google Patents database. The search co-
vered a 6-year period, from 2019 to 2024. Russian
literature was defined as studies conducted in Rus-
sia and published in Russian scientific journals. The
search strategy included the keywords: Diagnostic,
Instrumental Methods, and Pulp Vitality. For Russian-
language sources, the following terms were used:
Diagnostic, Instrumental Methods, and Pulp Vitality.
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Inclusion Criteria

1. Articles published in Russian or English between
2019 and 2024.

2. Types of publications: scientific articles—including
research and practice-oriented studies—as well as sys-
tematic reviews.

3. Full-text availability free of charge on the internet.

4. Relevance to the research topic — instrumental
(device-based) methods for the diagnosis of pulp vitality.

Exclusion Criteria

1. Type of publication: conference abstracts, pro-
ceedings, and dissertations.

2. Lack of full-text availability online.

3. Absence of analysis regarding the effectiveness
of the method.

4. Methods that assess only pulp sensitivity (e.g.,
thermal tests, electric pulp testing).

A stepwise screening process was employed for the
selection of publications. After initial identification, each
source underwent title and abstract screening, and du-
plicates were excluded. Full-text articles were then re-
viewed for relevance. The bibliographies of all eligible
articles were examined to identify additional relevant
publications. Each study was assessed for alignment
with the research objective based on three criteria:
evaluation of the title, abstract, and full text.

Data Extraction

Each included article was analyzed to extract informa-
tion on bibliometric characteristics, study methodology,
and results. The extracted variables included: the type of
pulp vitality test or measurement used, patient-related
variables (number, age, and sex), number of samples
(teeth), type of teeth examined, as well as the technique
and device employed for assessing pulp vitality.

RESULTS

Non-Conventional Approaches
to Pulp Vitality Diagnosis®

In the publications reviewed from 2019 to 2024,
the following non-conventional methods for assessing
pulp vitality were identified: ultrasonic Doppler flow-
metry [9-11], transillumination [12], magnetic reso-
nance imaging [13], speckle imaging [14-16], dental
thermography [17; 18], and plethysmography [19].

The studies were grouped according to the type of
non-conventional method used. For each method, the
diagnostic objective and key findings were summarized.
Where available, diagnostic accuracy indicators — such
as sensitivity, specificity, positive predictive value, and
negative predictive value — were also reported (Table 1).

! Traditional Approaches to Assessing Dental Pulp Vitality are
discussed in Part 1 of the article [8].

Table 1. Characteristics of the included non-traditional studies
Ta6nuua 1. XapakTepucTmka BKJIIOYEHHbIX HETPaANLMOHHbLIX UCCNIea0BaHUN

Publication, type | Sample size . Diagnostic A Accuracy,
of research and type LEEIT e target aaloifindines PPV, NPV
Optical methods
Daretal., 2020 [19] |30 incisors Mx TLP Pulpal blood |Harmless stimuli caused a reversible decrease in |Not reported
Clinical study flow TLP values in human teeth. TLP was able to moni-
(on humans) tor pulpal blood circulation
Kndrzer et al., 2 mandibular PPG Simulation of | Flow data were detected using light at 625 nm Not reported
2019 [20] molars (1 for pulpal blood |and 940 nm in a model with comparable size and
Invitro (extracted |each of the flow volumetric blood flow rates. Signal interference
human teeth) 2 models) from the gingiva was observed at 625 nm but not
at 940 nm
Proulx etal., 2022 |45 dogs TTI Tooth trans- | Transillumination is less effective than cold and Sensitivity: 0.59
[12] 45 teeth lucency electric tests. In cases without discoloration, Specificity: 0.95
In vivo animal transillumination may fail to detect necrotic pulp, PPV:0.94
model (dog) resulting in false-negative outcomes. Additionally, |NPV: 0.67
discolored teeth with enamel defects or drug- Accuracy: 0.76
induced stains may produce false-positive results
Xu etal., 2021 [14] |3 teeth LSI Simulation LSCI can detect blood flow in the pulp and is The sensitivity of
In vitro (extracted of blood flow |capable of measuring flow velocity. Vertically LSClis sufficient
human teeth inthe dental |polarized LSCI demonstrated a wider dynamic to detect minor
connected to an pulp detection range compared to non-polarized LSCI |changes in blood
injection pump) (np-LSCI) flow
Chistyakova G.G., | 141 patients LSl Pulpal blood |During the analysis and screening of speckle Not reported
2019 [15] 235 teeth flow patterns, hemomicrocirculation parameters were
Clinical study optimized, such as spectral power S (relative units)
(on humans) and mean frequency (Hz), which were interpreted
as indicators of blood flow level and intensity
Chistyakova G.G., | 190 patients LSI Pulpal blood |As blood flow intensity decreases, electroodon- |Notreported
2020 [16] 210 teeth flow tometry values increase, and the pulp’s electrical
Clinical study excitability threshold decreases
(on humans)

dHdodoHmus
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Table 2 (ending) / Tabnuua 2 (OKOH4YaHME)

Publication, type | Sample size . Diagnostic A Accuracy,
of research and type fechiiase target L EUUL NGRS PPV, NPV
Ultrasound Doppler flowmetry
Kim etal., 2023 [9] |9 dogs, UDF Pulpal blood |When using UDF, gingival blood flow affects the Not reported
In vivo animal 36 rightand flow measurement of pulpal blood flow. Therefore,
model (dog) left maxillary the gingiva must be isolated from the tooth being
anterior teeth evaluated
Magnetic resonance imaging
Juerchottetal., 70 individuals, MRI Pulpal blood |Teeth with healthy pulp can be visualized, and Not reported
2022 [13] 1585 teeth flow pulpal tissue can be quantitatively assessed us- | (the entire pulp is
Clinical study (on ing dMRI with a specific set of parameters. This considered intact)
humans) may serve as a useful diagnostic tool for identify-
ing various pulp diseases in future patient studies
Tooth temperature measurement
Ajith Kamath, 75 individuals ITMI Tooth There were no significant differences in baseline |Accuracy
Nasim, 2020 [17] surface temperature between vital and non-vital teeth. of 97.34%
Clinical study temperature |Vital teeth may exhibit better surface heating
(on humans) compared to non-vital ones
Mendes et al., 58 individuals ITMI Thermo- When using an infrared thermograph, teeth with | The measurement
2020 [18] 126 maxillary grams and different pulpal conditions exhibited different error of the overall
Clinical study anterior teeth tooth tem- temperatures temperature is
(on humans) (including perature +2%
33 pairs of
vital — non-vital
maxillary cen-
tralincisors)

Note: Mx — maxillary; NPV —Negative predictive value; PPV — Positive predictive value; TLP — Transmitted light plethysmography;
PPG - Photoplethysmography; TTI — tooth transillumination; LSCI — Laser speckle contrast imaging; LS| — Laser speckle imag-
ing; UDF — Ultrasound Doppler flowmetry; MRl —Magnetic resonance imaging; ITMI — Infrared thermographic imaging

lMpumevaHne: Mx — BepxHsasa yeniocTb; NPV — oTpuuartensHas nporHocTudeckas LeHHoOCTb; PPV — nonoxmntensHaa nporHocTu-
yeckas UeHHocTb; TLP — ceeToBasa nnetuamorpadus; PPG — ¢potonnetuamorpadus; TTI — TpaHcunniommHauusa 3y6a; LSCIl —
JNasepHas crneks-KkoHTpacTHas Bu3yanusauus; LS| — nasepHas cnekn-suayanunsaums; UDF — ynbTpasBykoBas AonmnjepoBckas
dnoymetpusg; MRI — marHUTHO-pe3oHaHCcHas Tomorpadus; ITM — nidpakpacHasa Tepmorpaduryeckas Busyannsauma

Table 2.Devices/systems used in studies to assess pulp vitality
Tabnuua 2. YcTponcTBa/CUCTEMbI, UCMOJIb3YEMbIE B UCCNEA0BaHUAX A1 OLEHKM BUTANIbHOCTW Ny bMbl

System /device (publication) Purpose /Aim

Photoplethysmography

The light source is a light-emitting diode (LED) with a wavelength of 525 nm. The transmitted light is Pulp blood flow
deliveredin pulses [19]

The light source consists of light-emitting diodes (LEDs) with wavelengths of 625 nm and 940 nm [20]

Laser speckle imaging

Polarized Laser Speckle Contrast Imaging (LSCI) systems include vertically polarized LSCI (vp-LSCI) |Pulp blood flow
and non-polarized LSCI (np-LSCI) configurations. In vp-LSCI systems, the laser light is vertically polar-
ized [14]

Laser speckle-optical device “Specklemeter” [15; 16]

Transillumination

Intense narrow beam of light [12] Light passing through a tooth

Ultrasound Doppler flowmetry

Ultrasonic Doppler device and 20 MHz probe [9] Pulp blood flow

Continuous-wave dental Doppler ultrasound system (DDUS) using 22 MHz ultrasonic probes. The Pulp blood flow
DDUS comprises a dual-element transducer, a two-channel probe system (one for transmission and
one for reception), and a laptop

Magnetic resonance imaging

A 3-Tesla system using a 16-channel coil with intravenous administration of gadolinium contrast [13] Condition of the pulp tissue

Tooth temperature measurement

Infrared thermometer with laser targeting [17] Tooth temperature

FLIR E60 thermal imaging camera [18]
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Table 2 summarizes information on the non-conven-
tional devices and systems described in publications
from 2019 to 2024 that were used for the assessment
of pulp vitality.

Photoplethysmography (PPG) - is a non-invasive
optical method widely used to study and monitor pulsa-
tions associated with changes in blood volume in peri-
pheral vasculature. It is characterized by low susceptibi-
lity to signal contamination from surrounding tissues. This
method can be applied to assess pulp vitality, particularly
in traumatized teeth, using a custom-fabricated holder.

Light sources used in PPG systems include:

— LEDs with wavelengths of 525, 625, and 940 nm [20];

— a spectrometer placed between a xenon arc lamp
and a fiber optic bundle, where the transmitted light is
recorded in pulses [19].

The method primarily relies on the intensity of trans-
mitted light, which in some studies has been converted
into other metrics, such as voltage and pressure sig-
nals [20]. Studies have shown that PPG can monitor pulp
blood flow changes in response to harmless stimuli [19].

Knorzer et al. developed a dual-wavelength PPG sys-
tem (625 and 940 nm) and successfully detected signals
originating from the dental pulp without interference
from surrounding tissues, demonstrating the feasibility
of registering pulsed blood signals. The system revealed
enhanced signal strength without requiring extensive
noise suppression. At a wavelength of 625 nm, signals
from both the pulpal and surrounding tissues could be
detected on the tooth surface. However, at 940 nm, only
signals from the pulp were recorded, free from surroun-
ding tissue interference. These findings highlight PPG
as a promising approach for future pulp vitality testing.
Crucially, the ability to clearly distinguish between pulpal
and non-pulpal PPG signals remains essential [20].

Transillumination (TTI). Transillumination is a di-
agnostic method in which visible light is directed onto
atooth, and a digital camera captures the resulting bright
transmitted illumination of the dental tissues. The light
source is positioned behind the tooth, and the pulp’s vi-
tality influences its translucency. A vital pulp permits light
transmission, resulting in a well-transilluminated tooth,
whereas a necrotic pulp appears dark and dim [12].

However, this technique may be unreliable for de-
tecting pulp necrosis in teeth without visible discolora-
tion, potentially leading to false-negative results [12].
Additionally, false-positive outcomes may occur in ca-
ses where tooth discoloration is caused by factors
unrelated to pulp vitality [12].

Speckle imaging (LSI). LSl is based on the cohe-
rent interference of light, which generates a speckle pat-
tern — a mix of bright and dark spots. These speckles ex-
hibit random temporal fluctuations caused by changes
in blood flow direction and particle position, allowing the
measurement of blood flow velocity through frequency
analysis of these fluctuations. LS| enables differentiation
between necrotic and vital pulp and facilitates the eva-
luation of pulpal blood supply. This non-invasive tech-
nique does not require the use of holders [14].

LSl is sufficiently sensitive to detect minor changes
in blood flow and is a simple, non-invasive, relatively

dHdodoHmus
—————TLT

low-cost method that can be readily integrated into
dental practice. It allows the measurement of blood flow
velocity across a wide range. However, accurate as-
sessment of pulpal circulation using speckle patterns
remains challenging due to the limited penetration of
light through enamel and dentin [14].

Laser Speckle Contrast Imaging (LSCI) captures a sin-
gle exposure of the laser speckle pattern projected onto
the tissue of interest and analyzes the resulting pattern to
provide information on blood flow, including velocity, ves-
sel diameter, and blood volume [1]. Multi-Exposure Con-
trast Imaging (MECI) is an enhanced extension of LSCI,
offering improved resolution and sensitivity [2].

Xu et al. enhanced the detection of stimulus-induced
blood flow in extracted teeth by integrating optical po-
larization technology with laser speckle contrast ima-
ging (LSCI), introducing a promising tool for pulp vitality
assessment in clinical settings, particularly in cases of
dental trauma [14]. The results demonstrated that a ver-
tically polarized LSCI system (vp-LSCI) could detect
a broader dynamic range of pulpal blood flow contrast —
1.5 1o 2 times greater — compared to non-polarized LSCI
(np-LSCI). Atemporal contrast algorithm was able to de-
tect small flow velocity changes of 0.03-0.07 mm/s, with
a detection index 5-10 times higher than that of a spa-
tial contrast algorithm. The vp-LSCI system, combined
with temporal contrast analysis, significantly enhances
the ability of speckle-based techniques to detect pulpal
blood flow, enabling the detection of a wider flow velocity
range and finer hemodynamic variations [14].

G.G. Chistyakova evaluated microcirculatory parame-
ters in dental pulp vessels using the laser speckle optical
device Speklometr (State Registration No. MT-7.1504-
0108) in accordance with a methodology approved by the
Ministry of Health of the Republic of Belarus (Instruction
No. 099 0619 dated June 28, 2019) [16; 21]. During the
analysis and screening of speckle patterns, key hemo-
microcirculatory parameters — such as spectral power S
(relative units) and mean frequency (Hz) — were optimized
and interpreted as indicators of blood flow level and in-
tensity. It was found that decreased blood flow intensity
corresponded with increased electroodontometric va-
lues and a reduced threshold for pulp excitability [16].

Ultrasound Doppler Flowmetry (UDF) is a non-
invasive, radiation-free technique that evaluates blood
flow by transmitting ultrasonic waves through tissues.
UDF operates on the same Doppler principle as laser
Doppler flowmetry (LDF) but utilizes ultrasound instead
of light. Parameters such as blood flow velocity, pul-
satility index, and circulation index are calculated. The
technique also allows real-time auditory monitoring of
pulsatile sounds [22].

No human clinical studies using UDF for pulp vita-
lity assessment were identified in the reviewed period.
However, one animal study (in dogs) and one in vitro
study using simulated pulp blood flow in extracted hu-
man teeth were published.

A retrospective study in dogs demonstrated that
UDF had higher diagnostic effectiveness compared to
electric pulp testing (EPT) when assessing pulp vital-
ity in traumatized teeth. It also showed a correlation
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between pulpal blood flow (PBF) and blood flow in the
adjacent gingiva. The study concluded that effective
UDF measurement requires isolation of the gingiva from
the tooth structure [9].

A laboratory study on extracted human teeth indi-
cated that UDF can detect simulated blood flow below
the cemento-enamel junction, but not at the mid-root
level [11].

In 2021, a continuous-wave dental Doppler ultra-
sound system (DDUS) was introduced, employing
22 MHz ultrasound probes. The DDUS comprises a two-
element transducer, a dual-channel probe system (one
fortransmission and one for reception), and alaptop. The
probe system performs analog front-end processing,
including ultrasound transmission /reception, low-noise
amplification (LNA), quadrature demodulation (QDM),
low-pass filtering (LPF), and analog-to-digital conver-
sion (ADC). The laptop conducts intermediate-level pro-
cessing such as decimation, logarithmic compression,
interference filtering/noise reduction, and data analysis
displayed as a spectrum or spectrogram. To enhance
the signal-to-noise ratio (SNR), noise reduction is im-
plemented using Hankel Singular Value Decomposition
(SVD). The results are presented in real time as Dop-
pler spectra and spectrograms via a custom-developed
graphical user interface (GUI) for the DDUS [10].

The use of Ultrasound Doppler Flowmetry (UDF) in
cases of dental trauma presents a promising and poten-
tially more sensitive approach than laser Doppler flow-
metry (LDF) [23]. UDF is capable of distinguishing signals
originating from the dental pulp and surrounding tissues
by analyzing waveform and sound characteristics.

However, the method has several limitations. These
include instability in producing consistent results over
short observation periods, challenges in accurate
probe positioning, potential interference from patient
discomfort, and early-stage trauma-induced impair-
ment of pulpal blood supply, which may compromise
measurement reliability [23].

Currently, there is no established standard for UDF
parameters that distinguish between normal and patho-
logical pulp. Moreover, variables such as probe angle or
positioning, probe holder characteristics, and gingival
blood flow [9] can significantly influence the recorded
values.

Magnetic resonance imaging (MRI). Teeth are
difficult to visualize using conventional magnetic reso-
nance imaging (MRI) due to their high mineral content.
Moreover, the signal decays rapidly after radiofrequen-
cy excitation because of the severely restricted mo-
lecular motion of water in densely mineralized tissues.
Only with the advent of later technological modifica-
tions, such as SWIFT-MRI, have image details emerged
that may hold potential value for endodontic research.
MRI scanners with a magnetic field strength of 1.5 Tesla
have been shown to be insufficient for effective visuali-
zation of oral and maxillofacial structures [24].

In response to these limitations, Juerchott et al. con-
ducted a prospective in vivo study aimed at optimizing
the assessment of pulpal contrast enhancement (PCE)
using dental MRI (dMRI) and at investigating physiologi-
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cal models of PCE. Healthy teeth were examined using
3-Tesla dMRI with a 16-channel coil, and gadolinium
contrast agent was administered intravenously before
and after scanning. The results demonstrated that PCE
in dMRI is a stable intra-individual marker with minimal
differences between tooth types, forming an important
basis for within-subject comparisons in the evaluation of
teeth suspected of endodontic pathology. Furthermore,
PCE was shown to be independent of age and sex [13].

The implementation of higher-field MRI systems
operating at 3 Tesla has significantly improved dental
visualization and is regarded as a promising tool for de-
tecting pulp tissue abnormalities. Nonetheless, further
improvement in spatial resolution is essential for enhan-
cing the diagnostic utility of MRI in endodontics [24].

Tooth temperature measurement (TTM). It has
been established those vital teeth emit more heat than
non-vital teeth. When vital teeth are cooled, a pheno-
menon known as surface rewarming is observed —
these teeth are able to restore their surface tem-
perature over time. Surface rewarming is considered
a potential indicator for assessing true pulpal vitality.
Vital teeth successfully regained surface heat within
a 3-minute period, whereas none of the non-vital teeth
reached baseline temperatures within this timeframe.
Thus, vital teeth demonstrate faster surface rewar-
ming compared to non-vital teeth. This methodology
demonstrated a clinical success rate of 97.34% in diag-
nosing pulp vitality status [17].

In another study assessing 126 maxillary anterior
teeth using the FLIR E60 thermal imaging camera, it
was shown that vital and non-vital anterior teeth ex-
hibit distinct temperatures when assessed with infra-
red thermography [18]. Infrared thermometry with laser
guidance may be employed as a routine test for pulp
vitality in clinical settings and represents a simple and
reliable tool. One of its main advantages is non-inva-
siveness [17]. However, at this stage, this test appears
impractical for routine use as a standalone method of
assessing dental vitality.

This review of non-conventional methods for pulp
vitality assessment aims to present current research
trends. However, any conclusions drawn must be inter-
preted with caution due to the heterogeneity of included
studies and the lack of reported accuracy and predic-
tive values in most of them.

Patents on Instrumental Methods for Assessing
Pulp Vitality

The results of the patent search identified four pa-
tents published during the review period (2019-2024).
One patent concerned an electronic device for intra-
oral scanning [25], two patents described optical me-
thods — a dental diagnostic probe [26] and a fiber-optic
device [27] — and one patent focused on an ultrasonic
probe [28] (Table 3).

Patent Overview on Instrumental Methods for As-
sessing Pulp Vitality Jiang X., Fu M., and Yang L. develo-
ped a cranio-maxillofacial oral cavity scanning device
designed to detect necrotic pulp tissue and residual
pulpal matter following operative procedures [25].
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Table 3. General information on included patents

Ta6nuua 3. O6Las nHGopmaLms 0 BKIIIOYEHHbIX MaTEHTax

Publication year Patent No. Title
Magnetic resonance imaging
2021 (G) Jiang et al., 2020 [25] CN-111528846-B Oral craniomaxillofacial scanning device and scanning method
and electronic device.
Optical
20283 (G) Ertl etal., 2017 [26] EP-3439542- B1 Dental probe
20283 (P) Tang, Schmitt, 2023 [27] US-2023263398-A1 Apparatus and method for tooth pulp vitality detection
Ultrasound Doppler flowmetry
2019 (P) Kim, 2018 [28] KR-20190089430-A Dental pulpal vitality assessment system including ultrasound
probe and method for assessment

T. Ertl, N. Karazivan, and A. Savic proposed a dental
diagnostic probe that emits light within the 500-1500 nm
range, which passes through part of the pulp. The trans-
mitted signals are captured by a photodiode detector
positioned on the opposite side of the tooth. The system
enables detection of bacterially induced inflammatory
changesin the pulp, even in teeth with crowns or restora-
tions [26].

Tang C.-M. and Schmitt J. developed a fiber-optic
device consisting of a handpiece, a rotational axis, and
a caliper-like mechanism that emits light onto the tooth
and receives interference signals corresponding to pul-
pal motion [27].

Kim H.-Y. designed an ultrasonic probe that emits
ultrasound signals at 15-25 MHz and detects reflected
echoes. Signal analysis allows the calculation of blood
flow velocity within the pulp [28].

RESULTS

Non-conventional methods for pulp vitality assess-
ment are increasingly being explored for their diagnos-
tic potential. Scientific publications from 2019 to 2024
have referenced a range of such methods, including
ultrasound Doppler flowmetry, transillumination, mag-
netic resonance imaging, speckle imaging, dental ther-
mography, and plethysmography.

Ultrasound Doppler flowmetry has shown a more
promising and sensitive approach than laser Doppler
flowmetry, particularly in cases of dental trauma. The
introduction of high-field 3 Tesla MRI systems has sig-
nificantly improved imaging capabilities and is now con-
sidered a potential tool for detecting pulpal abnormali-
ties. However, further enhancement of spatial resolution
is necessary for successful integration into endodontic
diagnostics.

The vp-LSCI system, in combination with temporal
contrast algorithms, has greatly improved the ability of
laser speckle imaging to detect pulpal blood flow, offe-
ring greater sensitivity to flow velocity and subtle hemo-
dynamic changes. The transillumination technique is
most effective when visible tooth discoloration is pre-
sent. Photoplethysmography (PPG) shows promise for
future pulp vitality testing, though accurate differen-
tiation between pulpal and non-pulpal signals remains

a critical requirement. Meanwhile, infrared thermom-
etry, although non-invasive and accessible, currently
appears impractical for routine clinical use as a stan-
dalone diagnostic method.

To date, none of the non-conventional pulp vitali-
ty assessment methods presented in this review have
been fully integrated into standard clinical practice,
underscoring the persistent challenge of developing
areliable diagnostic approach. While emerging techno-
logies aim to improve diagnostic sensitivity and speci-
ficity, further evidence-based studies and the develop-
ment of clinically applicable, user-friendly equipment
are needed to advance their implementation.

LIMITATIONS OF THE STUDY

The primary limitation of this review is the lack of
a critical appraisal of the methodological quality of
the included studies. This may have resulted in the in-
clusion of lower-quality research, thereby increasing
heterogeneity among the studies. As the current re-
view aims to provide a broad overview of emerging re-
search trends, any conclusions drawn should be inter-
preted with caution due to the diversity of the included
literature.

In several studies, data were limited exclusively to
anterior teeth, which restricts the generalizability of the
findings to the assessment of pulp vitality in posterior
teeth. While sensitivity and specificity are commonly
cited indicators of diagnostic validity, positive predic-
tive value (PPV) and negative predictive value (NPV)
may better reflect clinical utility. Pulp testing ideally
requires clinical validation through histological confir-
mation, yet such data were absent from most of the in-
cluded studies. This lack of histological evidence ham-
pers accurate assessment of the diagnostic precision
of non-conventional methods.

As a result, questions remain regarding the reliabi-
lity and clinical relevance of the reviewed technologies,
similar to those associated with traditional pulp sen-
sitivity tests. Future studies should encompass both
static and dynamic blood flow conditions and investi-
gate a broader spectrum of light frequencies, which are
essential for optimizing the efficacy of emerging optical
pulp vitality assessment techniques.
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FUTURE DIRECTIONS

Further research is necessary to refine non-conven-
tional methods for pulp vitality assessment. Specifical-
ly, future investigations should examine their correlation
with histological findings. Interdisciplinary collaboration
between dental professionals and biomedical engi-
neers will be critical for the development of standar-
dized tooth models for diagnostic testing. Such part-
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