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Abstract

Pulse oximetry is a technique used to measure the levels of blood oxygen saturation. Because this technique is regarded as non-invasive,
easy to apply, and accurate technology, the number of possible applications in general dentistry practice has been gradually increasing.
The aim of the present study was to summarise the contemporary research literature concerning the use of pulse oximetry in paediatric
dentistry. We made a critical evaluation of the clinical applications of pulse oximetry and the advantages and disadvantages of this tech-
nique. Knowledge of innovative methods and techniques for treatment and diagnostics by paediatric dentists is a valuable advantage
in dealing with the functional problems in attending dental patients. The expository analysis allows reviewing the succession of this

diagnostic approach.
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INTRODUCTION

Pulse oximetry is a technique used in measuring the levels
of blood oxygen saturation. It is considered as a non-inva-
sive, easily applied, and accurate method.[!! The mecha-
nism of action of this technique allows evaluation of the
fraction of oxygen-saturated haemoglobin relative to to-
tal haemoglobin in the arterial blood. The pulse oximetry
system uses light of two different wavelengths - red light
(660 nm) and infrared light (850 nm).!"? Pulse oximetry
is based on the different colours of oxygenated and deox-
ygenated haemoglobin and its different absorbent poten-
tial for the two light streams used.®) On the one side of
the investigated vascular zone, there are two photodiodes
- one of them emits red light and the other - infrared
light.!>* Part of the light is absorbed when it passes through
the plasma by the haemoglobin. The quantity of light trans-

mitted through a selected vascular bed is registered by a
photodetector located on the opposite side of the diodes.
The oxygenated and deoxygenated haemoglobin have differ-
ent absorbent spectra.l’) The measurement is calculated by
a microprocessor and displayed on the screen/display of a
device, called a pulse oximeter. Some models of pulse oxim-
eter include notifications as sound alarms when changes in
the pulse rate and levels of oxygen saturation occur. The clip
sensor of the device is usually placed on the finger or earlobe
in children.!'"# In addition to the function of conventional
pulse oximeters to diagnose hypoxia, the latest versions eval-
uate methemoglobin and carboxyhemoglobin levels, total
haemoglobin, oxygen levels above 100% saturation.

Oxygen saturation represents the percentage of hemo-
globin saturated with oxygen in arterial blood and is a ‘mir-
ror’ of the blood supply to tissues.>! Variability in oxygen
saturation is a sign of compromise of the cardiorespirato-
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ry system.l’] Pulse oximetry allows immediate detection
of tissue hypoxia, control and monitoring the effect of the
treatment decisions.! During dental treatment under gen-
eral anesthesia or sedation, an awareness of this parameter
is of great importance for the paediatric dentists and the
treatment team to manage the treatment and be prepared
for complications. The other measured parameter, the pulse
rate, is an indicator for the function of the autonomic ner-
vous system which reflects negative emotions and shows
if one is anxious or relaxed.”) Therefore, the increase of the
pulse rate during dental procedures demonstrates high den-
tal anxiety levels and vice versa - reference ranges for heart
rates are associated with non-anxious dental patients.!®!

AIM

The aim of this article was to summarise the contemporary
research literature concerning the use of pulse oximetry in
paediatric dentistry. We made a critical evaluation of the
clinical applications of pulse oximetry and the advantages
and disadvantages of this technique. The expository analysis
allows reviewing the succession of this diagnostic approach.

There are several clinical applications of pulse oxime-
try in paediatric dentistry for diagnostics and monitoring
(Table 1).

Oxygen saturation monitoring during
dental treatment under general
anesthesia or sedation

The first most popular and significant application of this
technique is the monitoring of two physiological parame-
ters — the pulse rate and oxygen saturation, during dental
treatment of paediatric patients under general anesthesia
and sedation, most commonly nitrous oxide sedation. In
accordance with the American Academy of Pediatric Den-
tistry (AAPD) Guideline on the use of nitrous oxide for pe-
diatric dental patients (2018) and Practice Guidelines for
Moderate Procedural Sedation and Analgesia (2018) by the
American Society of Anesthesiologists, continuous moni-
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toring of the patient by pulse oximetry along with sound
alarms during sedation is recommended.>!% In contrast,
European Academy of Paediatric Dentistry (EAPD) con-
siders that pulse oximetry is not required for conscious
sedation with nitrous oxide but is preferable in benzodi-
azepine sedation. They report a significant number of false
positive alarms and an increased anxiety in paediatric pa-
tients to the placement of the pulse oximeter.!'! During the
sedation, administration and immediate recovery phase,
the continuous pulse oximeter monitoring of oxyhemoglo-
bin saturation must be recorded at a minimum of 15-min-
ute intervals.[?!

The American Dental Association (ADA) recommends
baseline vital signs such as pulse rate, blood pressure, and
oxygen saturation to be obtained and recorded by pulse
oximeter during dental treatment under general anesthe-
sia.l3 Oxygen saturation by pulse oximetry may be clini-
cally useful and should be considered.!'?!

Oxygen saturation and pulse rate monitoring during lo-
cal anesthesia

Due to the low cost and easy use of this technology,
Gandy reported it as a standard of patient care and a use-
ful method in the dental office during local anesthesia for
monitoring of hypoxia.l'¥ In a systematic review of local
anesthetic-related methemoglobinemia, Guay pointed out
that the use of a pulse oximeter was required when infants
had undergone local anesthesia, especially in children un-
der 3 years old.l' Usually, it is associated with compro-
mised patients or children with special needs. In 2019, Lu
et al. compared the response of pulse oximetry and regional
cerebral oxygen saturation to hypoxia in preschool children
and found that pulse oximetry allowed rapid identification
of hypoxic state.!'! The authors considered this technique
as an alternative to intermittent arterial blood sampling
owing to its non-invasive and consecutive mechanism of
monitoring.

The aforementioned articles reported the required use
of pulse oximetry during dental treatment of paediatric pa-
tients when sedation and different types of anesthesia must
have been used.*1¢)

Table 1. Clinical application of pulse oximetry in paediatric dentistry

Parameters of patient monitoring

Application/dental procedure

Period/moments of monitoring

1 Oxygen saturation (SpO,) anesthesia
1

2 Oxygen saturation (SpO,)

3 Oxygen saturation (SpO,)

4 Pulse rate

5  Oxygen saturation (SpO,) of pulp tissue

Dental treatment under general

Local anesthesia

Dental treatment under sedation
Assessment of dental anxiety

Pulp vitality test

continuous

continuous

continuous

continuous/different moments during
the dental visit

10-to-30-minute period
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Objective assessment of dental anxiety

Another use of pulse oximetry in paediatric dentistry is as
an objective method of assessing the patients’ dental anxi-
ety by measuring their pulse rate at different time points of
dental visit: 1. patient staying in the waiting room; 2. when
the patient is sitting on the dental chair; 3. during oral ex-
amination; 4. during the dental treatment; and 5. at the end
of the dental procedure.

Finger pulse oximeter has been accepted as a reliable de-
vice for direct measurement of pulse rate in dental settings
which is considered as a physiological indicator of dental
anxiety.['”"1) The increase in the pulse rate corresponds
to high levels of dental anxiety and stress during the den-
tal visit.'¥! Yadav et al. found it an objective, non-inva-
sive technique for the evaluation of physiological changes
caused by the subjective nature of anxiety.!'®! The results of
numerous studies are in line with their findings and using
a finger pulse oximeter remains the most acceptable meth-
od to measure a patient’s heart rate.['7-2021] The data were
recorded and analysed by a specially developed digital pro-
cessing and graphic visualization software. Heart rate was
chosen for analysis because it is the simplest biological pa-
rameter to measure and because an increase in heart rate
is the most common physiologic indicator of anxiety and
fear.l??] It has been shown that this parameter is more in
line with the anxiety experienced in dental visits than the
other physiological parameters.?24 There was an investi-
gation that found a correlation indicating that self-report
anxiety degree as a subjective method for assessment is
comparable to heart rate as a physiological stress indica-
tor.[?*] Despite these findings, for reliable assessment of den-
tal anxiety in paediatric dental patients, researchers usually
used a combination of subjective (a facial or numeric scale)
and objective method (a physiological indicator).!1>2¢]

Pulp vitality testing

In recent years, direct implementation of the mecha-
nism of action of pulse oximetry in dentistry has been
achieved. Several studies reported the use of this tech-
nique to monitor arterial blood oxygen saturation of dental
pulp.l12427-30] Kakino et al. found that the function and vi-
tality of dental pulp depend more on the microcirculatory
system of the tissue rather than its sensory nerve respon-
se.3! Due to the false negative results when immature
traumatized teeth are inspected and the subjective response
of the patient, pulp tests used to determine neural response
are not suitable to be used in paediatric dentistry.[l>3!]
Thus, the innovative methods for pulp vitality testing in at-
tending paediatric dental patients are based on the state of
the blood supply of pulp tissue. Despite the reliability and
accuracy of the laser Doppler flowmetry, the latest studies
emphasized several limitations of the obtained results.[32-34]
Akpinar et al., Polat et al., and Gopikrishna et al. reported
false positive results due to the interference of laser trans-
mission in case of discolouration of the crown of the tooth

or contamination of the backscattered light from the peri-
odontal tissues.3234

In searching for a non-invasive, more reliable and ob-
jective method, several researchers found that pulse oxim-
etry is a successful technique in the monitoring of arterial
blood supply of dental pulp.[-2#27-30] The results obtained
by a significant number of studies showed that this method
could be successfully used in everyday dental practice as a
reliable and accurate vitality test.?”-**] However, until 2021
no devices have been particularly developed and adjusted
for dental use - modified versions of rubber dam clamps,
different custom-made stainless steel or plastic adapters to
the finger or earlobe sensor were reported.(+282°) Sum-
marising the articles evaluating arterial oxygen saturation
of dental pulp in the field of pediatric dentistry, only one
research conducted by Sharma et al. was identified. The au-
thors tested a customized pulse oximeter for pulp vitality
diagnostics of primary and permanent teeth and found it a
valuable adjunct to diagnosing.!** In 2021, Grabliauskiené
et al. described a new universal pulse oximeter probe hold-
er developed at the Lithuanian University of Health and
Science, Kaunas, Lithuania.l*! Using software for 3D CAD
(Computer-aided design) and a 3D printer, a sample of the
holder was designed and made of thermoplastic polyester.
The authors demonstrated perfect adaptation of the holder
to the specific characteristics associated with the tooth type
and group, anatomy, shape, size and parallel maintenance
of the two photodiodes and photodetector to ensure pre-
cise measurement. The results of the study over 128 healthy
asymptomatic teeth with complete root development con-
firmed the opportunity for the potential use of the newly
developed tool for pulp test vitality in adults.[**] Howev-
er, further investigations should be conducted to identify
the accuracy and reliability of the universal pulse oximeter
probe holder in immature teeth.

CONCLUSIONS

Paediatric dentists are expected to be aware of the innova-
tive methods and techniques for treatment and diagnostics
of attending paediatric dental patients. The number of po-
tential possibilities for use of the pulse oximeter in general
dental practice has been gradually increased. Along with
the mandatory monitoring of oxygen saturation during
dental treatment under general anesthesia or sedation, this
technique is useful for the objective assessment of the pa-
tient’s dental anxiety as well as for the accurate and non-in-
vasive pulp vitality test. Therefore, it is considered a prom-
ising and reliable ‘atraumatic’ opportunity for chair-side
screening during dental treatment of children.
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MynbCcoKCMMETpPUS B AETCKO CTOMATO/NI0Tu

Mapus I1. lllnungosal, Aun Benruesa-Kpusoposal, 3gpasko Tapanos?

1 Kagpedpa demcioii denmanvhoii meduyunol, Paxynvmem denmanvroti meduutvl, Meduyurckuii ynugepcumem - Inoeous, Ilnosous, boneapus

2 Kagpeopa namogpusuonozuu, Paxynvmem meduyurv, Meduyunckuii ynusepcumem — I1nosous, I1nosous, bonzapus

Appec ans koppecnoHfeHumn: Mapus I1. IlInugosa, Kadenpa fetckoit AeHTanbHOI MeAnumHbL, GaKyabTeT AeHTaNbHON MeANLMHbL, MeanIMHCK it
yHusepcutet — IInoBpuB, 6y1. ,,Xprucro Bores® Ne 3, 4000 ITnoBgus, Boarapus; Email: mariya.shindova@gmail.com; Tern.: + 359 898 390 935
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Pe3tome

HyHbCOKCI/IMeTPI/If{ — 9TO MeETOox, ]/ICHOHI)3YCMI)H‘/’[ I ]/[3MepeHI/IH YPOBHH HaCbIICHUA KpOBI/I KI/ICHOPOHOM. HOCKOHI)KY 9TOT METO[
CUnTaeTCad HEMHBAa3IBHbBIM, HpOCTI)IM B Hp]/[MeHeH]/H/I U TOYHBIM, KOJIMYE€CTBO BO3MOXXHbIX HpVIMeHeHV[ﬁ B 06111817[ CTOMaTOHOFVI‘{eCKOﬁ
IIPaKTHUKe [OCTEIeHHO yBeIuduBaeTcs. Lle/ib HAaCTOAIEro MCCIEHOBAHMSA COCTOSIA B TOM, YTOOBI 0600IIUT pe3ynbTTaTEl 0630pa
COBPEMEHHOII UCCIIE{OBATENbCKOI IUTEPATYPhI [0 UCIIOJIb30BAHNIO Y/IbCOKCUMETPUN B JETCKOII CTOMATO/IOTUM. MBI KPUTIYECKU
OLCHMIN KIMHNYECKOE Hp]/[MeHeH]/[e Hy}IbCOKCI/IMeTpI/II/I, a TaKXXe HpeMMymeCTBa " HEAOCTATKN STOﬁI METOOMKMN.

3HaHMe JVIHHOBAIIlMOHHBIX METOAOB U METOAMK JIEYEHNA U NUArHOCTUKN TETCKMMM CTOMATOJIOraMI ABIAETCA LEHHDBIM IIPpEVIMYIIE-
CTBOM IIpN peMIEeHNUN q)yHKI_U/IOHaTIbeIX HPO6TI6M Y CTOMATOTOINYIE€CKNX 60/IbHBIX. HaHHbe/l aHa/IN3 ITO3BOIAET PAaCCMOTPETD ITpEEM-
CTBEHHOCTD 3TOI'0 AMArHOCTUYECKOTI'O ITOaAXo0/1a.

KnioueBble cnoBa

OLI€HKa CTOMAaTOJIOTMIECKOM TPE€BOXHOCTH, CaTypauyAa KUCIIOPpOJa, IIYIbCOKCUMETPUA, TECT JKM3HECTIOCOOHOCTI ITyIbIIbI

206 Folia Medica | 2022 | Vol. 64 | No. 2



	_GoBack

