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Abstract: Background and Objectives: Saliva is of utmost importance for maintaining oral health.
Management of saliva flow rate deficiency recently includes salivary neuro-electrostimulation. The
aim of this paper is to present a new model of salivary pacemaker—the MICROSAL device (MD), an
intelligent, miniaturized, and implant-supported oral device used for salivary stimulation. Materials
and Methods: This report presents the development, calibration, and first clinical tests which involved
the MD. The novel features of this device are the pH sensor and the fact that it communicates with
the patient’s smartphone, where oral wetness and pH are graphically exposed. Saliva samples were
taken before and after the MD was used on a 68-year-old patient suffering from post-irradiation
xerostomia, and albumin and total protein were analyzed. Results: The device uses up to 3 V and
time intervals of 2 s seconds for stimulation. The total volume of all saliva samples collected during
the clinical trial was almost seven times higher after the device was used. Albumin decreased from a
maximum of 0.15 g/dL to 0.04 g/dL, and total proteins from 0.65 g/dL to 0.21 g/dL, after salivary
stimulation. Conclusions: The MD increased saliva secretion of the patient, and we are confident it
will be a good solution for future management of salivary gland hypofunction.

Keywords: xerostomia; salivary secretion device; dental implant

1. Introduction

Saliva is known to play a pivotal role in maintaining oral health due to its antimicrobial
activity and action to keep a neutral pH range or provide the necessary amount of calcium
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and phosphate ions for teeth remineralization [1,2]. About 90% of saliva is produced by the
three pairs of major salivary glands, and the rest comes from the 600–1000 minor glands [3,4].
The salivary flow rate varies from 0.3–0.4 mL/min (unstimulated) to 1.5–2.0 mL/min
(stimulated) [4]. While salivary gland hypofunction (SGH) is a functional impairment that
leads to a low saliva flow rate, i.e., less than 0.1–0.2 mL/min (unstimulated) and less than
0.7 mL/min (stimulated), xerostomia is rather a perception or a complaint of dry mouth,
which may or may not have a background of saliva flow rate deficiency [2,5]. The treatment
guidelines depend on a correct diagnosis of xerostomia, SGH, or both. The treatment of
xerostomia is based mostly on dry mouth symptom relief, such as the usage of sugar-free
chewing gum and candies or regular consumption of water. The treatment of SGH involves
two strategies: (1) the extrinsic approach, which involves artificial saliva substitutes, but
the efficiency of which is limited, and (2) the intrinsic approach, based on the stimulation of
saliva secretion, which is preferred [1,4,6]. Therefore, muscarinic agonists like pilocarpine
and cevimeline are mostly used, as well as substances which can also stimulate salivation
through taste perception such as citric acid or lemon juice. However, muscarinic agonists
have several side effects, including sweating, rhinitis, nausea, and asthenia, whereas citric
acid solutions may lead to mucosal irritation or enamel mineral losses [4].

The problems with different pharmacologic agents have opened up a new chapter
for the intrinsic approach: salivary neuro-electrostimulation. Initially, there were a few
attempts at using the transcutaneous electric nerve stimulation (TENS) method. TENS uses
external devices with electrodes put on the facial skin around the parotid gland area, which
leads to an increased parotid salivary flow rate. TENS devices yielded positive responses
in cases with low but non-zero baseline salivary flow rates, but their effect lasted only
for 30 min from the moment of applying. However, TENS devices exhibited some side
effects, including facial muscle twitching, superficial anesthesia or itching, and a decreased
effect of saliva stimulation in elderly people, which leads to low applicability [7–11]. The
first attempt with intraoral devices was made in 1986 in the USA: the Salitron device
(Biosonics, Fort Washington, PA, USA) was quite big and consisted of a large power source
and an oral piece with two electrodes. It was uncomfortable for the patients, and also
expensive [12,13]. An easier-to-use device with a newer design is SaliPen (Saliwell Ltd.,
Harutzim, Israel/Saarbrücken, Germany), with a similar operating system [14]. The
GenNarino (Saliwell Ltd., Harutzim, Israel/Saarbrücken, Germany) is a removable intraoral
second-generation appliance intended to increase saliva secretion. It has a wetness sensor,
electrodes (in contact with oral mucosa from the lower third molar area), a microprocessor,
batteries, and a remote-control receiver. The device was controlled by the patient using a
remote control. The Saliwell Crown (Saliwell Ltd., Harutzim, Israel/Saarbrücken, Germany)
represents the third and the last generation of oral devices, miniaturized and supported by
a dental implant placed in the lower third molar area. Its electronic components are similar
to those of GenNarino™ (Saliwell Ltd., Harutzim, Israel/Saarbrücken, Germany) [6,12].

Until now, the efforts of medical specialists have focused on limitation of the impact on
salivary secretion during radiation therapy by modulating the dose administered around
salivary tissue. This strategy has in some cases resulted in lowering the efficacy of radio-
therapy and increasing the risk of cancer recurrence [15]. There are also other common
causes for xerostomia, such as various medications, immune mediated-disorders (Sjogren
syndrome), diabetes mellitus, depression, and Alzheimer’s disease [1].

This paper presents a new model of salivary pacemaker—the MICROSAL device (MD),
which is an implant-supported third-generation device with a different design. The MD is
an intelligent device, which includes two new models of nano-sensor (wetness and pH) and
which is capable of stimulating the salivary flow rate depending on mucosal wetness and
oral pH value. The salivary parameters are sent in real time to the patient’s smartphone
using the Bluetooth Low Energy technology (BLE) and a specially designed app. The
main innovations of the MICROSAL device compared with other devices mentioned in the
literature, especially third-generation devices, are:

− Management of saliva flow rate depending on the pH value.
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− Two brand-new nano-sensor prototypes (wetness and pH).
− BLE technology makes it possible to collect a lot of data from the remaining saliva.
− Use of an app for monitoring and management of saliva flow rate by both the dentist

and the patient.

2. Materials and Methods

Device description: The MD was developed by an interdisciplinary research team
including dentists, oral and maxillofacial surgeons, ENT specialists, engineers, program-
mers, and physicists. The MD’s main role is to stimulate the salivary glands using electrical
impulses to increase salivary flow rate. It is designed to have minimal-to-no impact on
daily life and patient activities and has a very small size, comparable to that of a molar.
The MD is fixed on a dental implant (Tehnomed™ system, Tehnomed, Bucharest, Romania)
(Figure 1), and its main components are a printed circuit board (PCB) (Figures 1R and 2A),
a microcontroller (Figure 1B), two silver-oxide batteries (Figure 1M,O), two nano-sensors
for wetness and pH (Figure 1S,T), and two microelectrodes for stimulation (Figure 1D,P).
All components are encapsulated in a coating material, namely Panacol Vitralit 2004 F (PV),
based on epoxy resins (Panacol-Elosol GmbH, Frankfurt, Germany) (Figures 1N and 2B),
and afterward the system is placed in a hermetic case.

The case consists of two parts: an upper threaded lid, made of polypropylene
(Figures 1A and 2C), with rounded edges and a small hole for the sensors to be in contact
with the saliva and the lower housing, made of titanium alloy (Figures 1H and 2D,J), with
two small orifices for the electrodes to be in close contact with the oral mucosa around
the implant. The two parts are fixed together by an elastic system (clips). Note that all
the external parts are made from biocompatible materials (polypropylene, titanium alloy,
or epoxies). The device uses a wireless communication protocol to send data and receive
commands from the patient’s smartphone, thus minimizing the inconvenience caused to
the patient when monitoring, tracking progress across the day, and transmitting alerts. The
microcontroller has very low power consumption, which provides connectivity to the sen-
sors and a way to communicate to the exterior. NRF52832 is a system-on-a-chip that offers
these facilities (Nordic Semiconductor, Trondheim, Norway) and a very small footprint,
which makes itself ideal for low-power and small-size applications. The package of the
microcontroller comes within a 3 × 3 mm footprint, and the CPU has a minimum current
consumption of 300 nA in deep sleep mode. The fact that we can periodically “wake” the
device from a low-power state, measure sensor data, and then log them internally and/or
send them via the Bluetooth link to a mobile app leads to a very long operational lifetime
for the device. The device uses two SR65 silver oxide 14.5 mAh batteries placed in the
largest section of the system. Due to biocompatibility, size, and accuracy constraints, the
chosen pH sensor is an N-type ion-sensitive field-effect transistor (ISFET) with a 6 µm
wide silicon oxide source channel separated by a thin 65 nm silicon nitride layer from the
oral cavity, with an integrated silver–silver chloride reference electrode conformally coated
with PV. The humidity sensor is a resistive sensor with two magnetron-sputtered 300 nm
thick silver electrodes laid through on top of a 700 nm silicon oxide layer sharing the same
N-type substrate as the pH sensor. The MICROSAL app is designed for version 7 of the
Android mobile operating system (Open Handset Alliance, Mountain View, CA, USA).
The software controls the hardware components so as to generate an electrical stimulation
waveform and responds to Bluetooth commands that dictate the waveform parameters.

The app allows two kinds of users: the “passive user” (the patient), who can graphi-
cally follow in real time the humidity level and the pH values and see any battery alerts or
other errors that might lead to a dental appointment, and the “active user” (the dentist),
who can allow a professional to configure the waveform parameters, visualize the signals
coming from the pH and humidity sensors, and validate the times and dates of dental ap-
pointments. The MD can be programmed for automatic electrical stimulation in accordance
with data from the two sensors.
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Figure 1. The MICROSAL device (MD) scheme: (A) main hole from the upper case (made for the
sensors to be in contact with saliva), (B) microcontroller, (C) mini-antenna used for sending signals
to the smartphone via Bluetooth technology, (D) one of the electrodes used for stimulation, (E) a
wire which makes the connection to the batteries and activates the system when it is put in its case,
(F) the upper part of the case, made from polypropylene, (G) the fastening elastic system (clips),
(H) the downer part of the case, made from titanium alloy, (I) a metallic extension, also made from
titanium alloy, (J) implant central cover screw, (K) the dental implant, Tehnomed system™, (L) the
central part of the screw, (M, O) batteries, (N) the coating material (PanacolVitralit 2004 F), (P) the
second electrode for stimulation, (R) printed circuit board (PCB), and (S, T) wetness and pH sensors.
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Figure 2. Mounting the MICROSAL device (MD): (A) the printed circuit board (PCB); (B) the MD
out of its case; (C) the upper part of the case, made from polypropylene; (D) the lower part of the
case, made from titanium alloy; (E) the implant central cover screw; (F) the metallic extension, made
also from titanium alloy; (G) the central screw and the screwdriver, Tehnomed™ system; (H,I) the
titanium case and the metallic extension are fixed on a dummy dental implant; (J) the lower part of
the case and the two orifices for the electrodes; (K) the inside of the MD; (L) the operation is complete
after the upper case is fixed.

The MD mounting procedure is straightforward: firstly, the healing abutment is
removed from the dental implant using a Tehnomed (Tehnomed, Bucharest, Romania)
screwdriver. Afterward, a screw (Figures 1J and 2E,G) fixes the lower part of the case
(Figures 1H and 2H) first onto a metallic extension also made from titanium alloy
(Figures 1I and 2F) and then onto the dental implant (Figures 1K and 2I). Note that the
metallic extension is custom-made according to the oral mucosa thickness around the dental
implant. The micro-system is then placed in the lower case (Figure 2K), carefully passing
the electrodes (coated in PV except the tips) through the two orifices. Finally, the upper case
is fixed with the clips inside (Figure 2L). The connection between the two parts of the case
is very strong, and they can be separated only by the dentist using a metallic instrument.

Procedures for In Vitro and Clinical Tests

In-vitro testing for the two nano-sensor prototypes was performed in a specially de-
signed enclosure, filled with commercially available saliva, with temperature and humidity
closed-loop-maintained using a micro-controller actuating an ultrasonic atomizer, a Peltier
condenser, a resistive heating element, and a fan to closely simulate oral cavity conditions.
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The chemical stability of the sensors was confirmed by the very low variation (under 0.4%)
in peak intensity in liquid chromatography–mass spectrometry analysis of the immersion
saliva with and without the sensor. The clinical protocol was approved by the Ethics Com-
mittee for Scientific Research of the “Carol Davila” University of Medicine and Pharmacy,
Bucharest, Romania (Approval code #39/29.09.2014), and all patients signed an informed
consent form. In order to obtain a complete and functional electronic system, a macro
version of the device was developed and tested by our engineers. The null hypothesis was
that salivary volume would remain the same after the device had been mounted into the
oral cavity. This device was used in a clinical test to adjust it and certify that the MD’s
operating principles will lead to an increased saliva flow rate. Thus, two round dental
probes were connected to the macro system’s electrodes and were put in contact with the
lingual and vestibular mucosa in the third molar area of a volunteer patient (45-year-old,
woman). This test was necessary to determine the perfect balance between electrical im-
pulses (pulse length, frequency, and voltage), saliva flow rate (measured using graduated
containers), and the patient’s comfort (the patient must not feel any pain). The macro
device was miniaturized and further optimized by our technical team. The final version
received the name MD and has undergone preliminary testing in a clinical case.

Clinical tests: The MD was clinically used and tested on a patient (a 68-year-old man)
suffering from post-irradiation xerostomia. Six samples of saliva were collected (out of
which the last three were collected with the MD fixed on the dental implant) in the morning
between 9 and 10 a.m., before eating. The patient was asked to spit for 5 min for each probe.
The saliva flow rate was measured using plastic graduated containers forming Saliva Check
Buffers (GC Corporation, Tokyo, Japan). Afterwards, the saliva samples were sent to the
biochemistry lab for albumin and total protein dosages. Saliva was transferred in sterile
tubes and centrifuged for 10 min at 3000 rpm to remove bacterial and cellular debris, and
the supernatant obtained was used for the next steps. Both protocols, for albumin and
total proteins, used analyzing kits (Dialab GmbH, Vienna, Austria) and a biochemistry
analyzer, Zevitt 120 (Salucea, Hoeven, The Netherlands), with a working protocol of 500 µL
reagent + 5 µL supernatant and incubation for 5 min at 37 ◦C. The principles were based
on the colorimetric method: the proteins formed a blue-purple stain with copper ions in an
alkaline solution; the absorbance of the colored complex formed was directly proportional
to the protein concentration of the sample with a reading absorbance of 540 nm. On the
other hand, the albumin assay was based on the interaction between Bromocresol Green
and albumin, forming a chromophore that can be detected at 620 nm. The color intensity
was directly proportional to the albumin concentration in the sample.

3. Results
3.1. In Vitro and Clinical Tests
3.1.1. Sensor Testing

Sensors were tested separately from the main device. The humidity sensor has a
quasi-linear, inversely proportional response to the relative humidity of the environment
as observed in Figure 3A. When connected as the bottom part of a resistive divisor, to-
gether with a 1 MΩ resistor with a 3.3 V power supply, the variation is in the range of
0 to 1.3 V, which makes it appropriate to be measured by the analog-to-digital converter
from the micro-controller, using the internally available reference only. pH sensors were
properly calibrated using an Atlas Scientific lab-grade pH probe and appropriate calibra-
tion solutions. The sensor responded quasi-linearly, directly proportional to the change
in the pH level, as observed in Figure 3B, again in the analog-to-digital-converter-suitable
(0–1.3 V) interval. For stability testing, a batch of pH sensors was immersed in a standard
solution with pH 7(±0.2) and we observed a consistent drift, caused by the reference
electrode’s interaction with the environment and Si3N4 layer saturation. The drift was
software-compensated.



Medicina 2023, 59, 1647 7 of 12Medicina 2023, 59, x FOR PEER REVIEW 7 of 12 
 

 

 
Figure 3. In vitro tests of the two sensors: (A) the humidity-resistive sensor response; (B) the pH N-
ISFET sensor response. 

3.1.2. Clinical Trial 
In the clinical trial performed for testing the macro device, we used, for stimulation, 

previously published electrical parameters: a 4–10 ms pulse length, 0.1–8 Hz frequency, 
and three variants of voltage (3 V, 3.35 V, and 5 V) [16]. We then analyzed the patient’s 
saliva flow rate and painful sensitivity and, considering the technical possibilities for the 
miniaturized device, we changed some parameters and chose the following sequence for 
electrical stimulation: 1 ms pulse length, 10 Hz frequency, and a voltage up to 3 V. The 
sequences of stimulation measured two seconds each followed by two-second pauses. 
These are the parameters used by the MD for increasing the saliva flow rate. 

A 68-year-old male was selected for the first clinical report with the MD. He was di-
agnosed in 2002 with low-grade (G3) nasopharyngeal squamous cell carcinoma, T4N0Mx, 
according to the classification of the Union for International Cancer Control [17]. He fol-
lowed a combined therapy of megavoltage conventional radiation (total dose 70 GY) tar-
geted on the tumor and lymph nodes and three doses of 100 mg/m2 of cisplatin. The pa-
tient had a good recovery, and the treatment was quite efficient, but lack of saliva re-
mained a real problem for his quality of life. The total volume of the three saliva samples 
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N-ISFET sensor response.

3.1.2. Clinical Trial

In the clinical trial performed for testing the macro device, we used, for stimulation,
previously published electrical parameters: a 4–10 ms pulse length, 0.1–8 Hz frequency,
and three variants of voltage (3 V, 3.35 V, and 5 V) [16]. We then analyzed the patient’s
saliva flow rate and painful sensitivity and, considering the technical possibilities for the
miniaturized device, we changed some parameters and chose the following sequence for
electrical stimulation: 1 ms pulse length, 10 Hz frequency, and a voltage up to 3 V. The
sequences of stimulation measured two seconds each followed by two-second pauses.
These are the parameters used by the MD for increasing the saliva flow rate.

A 68-year-old male was selected for the first clinical report with the MD. He was
diagnosed in 2002 with low-grade (G3) nasopharyngeal squamous cell carcinoma, T4N0Mx,
according to the classification of the Union for International Cancer Control [17]. He
followed a combined therapy of megavoltage conventional radiation (total dose 70 GY)
targeted on the tumor and lymph nodes and three doses of 100 mg/m2 of cisplatin. The
patient had a good recovery, and the treatment was quite efficient, but lack of saliva
remained a real problem for his quality of life. The total volume of the three saliva samples
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before stimulation was approximately 0.5 mL, which corresponds to a 0.03 mL/min saliva
flow rate. Due to the very small amounts of saliva in these probes, the true volume was
determined in the biochemistry lab. The MD could be easily mounted because the patient
was completely edentulous. The patient had not performed chewing while wearing the
device, and mandibular movements appeared normal under examination.

The three samples taken after salivary stimulation had 1 mL, 1 mL, and 1.5 mL of
saliva. The low concentrations of albumin and total proteins in the last three saliva samples
may have been caused by dilution (a larger volume of saliva) (Table 1). The MD was
mounted in the oral cavity after the first three samples (Figure 4).

Table 1. Albumin and total protein dosages before and after saliva stimulation with the MICROSAL
device (MD).

Sample Albumin (g/dL) Total Protein (g/dL)

No. 1 0.15 0.643
No. 2 0.18 0.652
No. 3 0.14 0.459

No. 4 * 0.04 0.250
No. 5 * 0.04 0.278
No. 6 * 0.03 0.217

* Saliva samples after stimulation with MD.
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4. Discussion

The MICROSAL device (MD) is a result of interdisciplinary research, which involved
a lot of expertise in both medical and technical areas. All parts of the device except the
batteries, namely the PCB, sensors, and housing had their own projects and were developed
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from the beginning. The clinical test results are an argument for electro-stimulation therapy
of the salivary glands being a solution for patients suffering from SGH. However, any
therapy based on salivary gland stimulation depends on how functional the glandular
tissues are. We know that drugs like pilocarpine require functional residual salivary gland
tissues making possible an increase in the saliva flow rate [4]. The electrostimulation
method’s efficiency also depends on healthy residual salivary gland tissues, but it seems
that this method is also associated with the stimulation of the autonomic nervous system,
which leads to trophic effects and regeneration of functional salivary parenchyma [12].

One of the strong points of the MD is the continuous stimulation of saliva secretion,
which is a real advantage over the TENS or the first generation of oral devices. The MD
obviously has a small volume compared with the first and the second generations of intrao-
ral devices. It is also an implant-supported device like the Saliwell Crown™ (Saliwell Ltd.,
Harutzim, Israel/Saarbrücken, Germany), placed in the lower third molar area, which
requires a special clinical precondition, i.e., the absence of one the lower third molars, if not
the second molar as well. Moreover, the absence of the third upper molar from the same
side may prove useful, since the MD lacks any occlusal function. The MD is recommended
for patients who lack both third molars on one side (right or left), which is quite common
in elderly patients. If the patients have teeth, the occlusal relationships can be adapted by
the dentist. If the patients have removable dentures, it is recommended to make new ones
with the implant analog included in the dental cast and an empty case device mounted on
it. It is possible that MD touches the superior alveolar mucosa if the patients have no teeth
or removable dentures. It is recommended for edentulous patients to wear dentures made
after the device was mounted.

The MD also brings some new features and technologies. The first novelty is the
pH sensor, which was designed to detect acidity values in the oral cavity. When the pH
decreases, more saliva is needed for buffering and for maintaining a balanced oral envi-
ronment. The device is intended to increase the saliva flow rate in case of lack of saliva
in accordance with data received from the wetness sensor. In addition, saliva secretion is
further increased when the patient has both a small amount of saliva and a low pH value.
Note that both sensors have nanometric dimensions. The previous devices, namely the Gen-
Narino™ (Saliwell Ltd., Harutzim, Israel/Saarbrücken, Germany) and Saliwell Crown™
(Saliwell Ltd., Harutzim, Israel/Saarbrücken, Germany), also use wetness sensors [6,12,18].
Miniaturized or nano-sensors have previously been used for saliva monitoring and proved
useful in detecting salivary glucose or oral cancer biomarkers [19,20]. Another new element
is the option of programming the device for self-regulation of electrical stimulation accord-
ing to wetness and pH values using an algorithm, which makes it “responsible” for an
artificial saliva secretion reflex. A real advantage of the MD is continuous secure communi-
cation with the patient’s smartphone via an app specially designed for Android. Thus, the
patient can follow in real time the wetness and pH values, which are graphically exposed.
The patient and the dentist may also see alerts on their smartphones caused by different
malfunctions. For example, a battery alert leads to a dental appointment requested by the
patient and validated by the dentist. The dentist can also be given permission to remotely
monitor stimulation and manage some of the problems by checking or adjusting its parame-
ters. This component of patient–doctor communication was added for increasing treatment
quality and for quick troubleshooting. In any case, medical apps are becoming more and
more widely incorporated and used in medicine, especially in clinical practice [21]. The
development of this device could benefit, in the future, patients with autoimmune diseases
like Sjogren Syndrome, a pathology involving an immune imbalance affecting the salivary
glands and requiring continuous systemic observation [22]. If no third molars are present
on any side, the dentist can choose to mount the MD on the side with the salivary gland
most able to produce saliva (certified by the CT and preliminary clinical tests). However,
when only one salivary gland (submandibular) has problems with saliva secretion or, in
particular, if one of the two glands has been surgically removed, the remaining gland reacts
and produces a compensating volume of saliva close to normal values. The regenerative
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properties of salivary glands [23,24] and their putative underlying mechanisms [25–27] are
already under thorough study. It appears that the new SARS-CoV-2 virus is also affecting
the salivary glands, and a statistically significant increase of about 30% in the reporting
of xerostomia during hospitalization was observed [28]. Another category of patients that
could benefit from the development of this device are those with poor oral hygiene due to
neurological conditions like Parkinson’s disease [29]. Clearly, the greatest impact for our
device will be among patients undergoing radiation therapy for head and neck carcinomas,
by reducing xerostomia and improving their quality of life [30]. The future of biotelemetry
devices will yield an acceleration of diagnosis and disease monitoring, mostly benefiting
patients but also medical personnel [31].

5. Conclusions

The MD is at the stage of first clinical results and of course a larger clinical investigation
will be needed to validate its usage on a large scale. Further studies will be needed to
analyze the long-term use of the implant and possible problems due to electrical impulses
or any other long-term issues. What we do know is that the device increases saliva flow rate
immediately after it is mounted in the oral cavity, that the patient feels no pain, and that its
very strong attachment on the dental implant will decrease the chance of any accident or
local trauma. The MD seemed to increase saliva flow rate in the case of our patient with
SGH due to post-irradiation therapy. Based on this first clinical result, we look forward to
the future, where the MD will be a good solution for more patients suffering from SGH.
The MICROSAL app is currently only available for Android, (Open Handset Alliance,
Mountain View, CA, USA) but an iOS version will be developed in the future.

6. Patents

The work reported in this manuscript is based on the Patent Application no. (11) 133,137
A2 2019, RO-BOPI 3:22.
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16. Niţu, A.; Tudose, D.; Dragomir, D. Dental implant with contact nano-sensors for the treatment of xerostomia. In Proceedings
of the 15th RoEduNet Conference: Networking in Education and Research, Bucharest, Romania, 7–9 September 2016; pp. 1–6.
[CrossRef]

17. Head and Neck Cancer Study Group (HNCSG); Monden, N.; Asakage, T.; Kiyota, N.; Homma, A.; Matsuura, K.; Hanai, N.;
Kodaira, T.; Zenda, S.; Fujii, H.; et al. A review of head and neck cancer staging system in the TNM classification of malignant
tumors (eighth edition). Jpn. J. Clin. Oncol. 2019, 49, 589–595. [CrossRef]

18. Strietzel, F.P.; Martín-Granizo, R.; Fedele, S.; Lo Russo, L.; Mignogna, M.; Reichart, P.A.; Wolff, A. Electrostimulating device in the
management of xerostomia. Oral Dis. 2007, 13, 206–213. [CrossRef]

19. Du, Y.; Zhang, W.; Wang, M.L. Sensing of salivary glucose using nano-structured biosensors. Biosensors 2016, 6, 10. [CrossRef]
20. Gau, V.; Wong, D. Oral Fluid Nanosensor Test (OFNASET) with advanced electrochemical-based molecular analysis platform.

Ann. N. Y. Acad. Sci. 2007, 1098, 401–410. [CrossRef]
21. Ventola, C.L. Mobile devices and apps for health care professionals: Uses and benefits. Pharm. Ther. 2014, 39, 356–364.
22. Berghi, N.O.; Dumitru, M.; Vrinceanu, D.; Ciuluvica, R.C.; Simioniuc-Petrescu, A.; Caragheorgheopol, R.; Tucureanu, C.; Sfrent

Cornateanu, R.; Giurcaneanu, C. Relationship between chemokines and T lymphocytes in the context of respiratory allergies
(Review). Exp. Ther. Med. 2020, 20, 2352–2360. [CrossRef] [PubMed]

23. Cucu, I.; Nicolescu, M.I. A Synopsis of Signaling Crosstalk of Pericytes and Endothelial Cells in Salivary Gland. Dent. J. 2021,
9, 144. [CrossRef] [PubMed]

24. Muallah, D.; Matschke, J.; Kappler, M.; Kroschwald, L.M.; Lauer, G.; Eckert, A.W. Dental Pulp Stem Cells for Salivary Gland
Regeneration—Where Are We Today? Int. J. Mol. Sci. 2023, 24, 8664. [CrossRef]

25. Saleem, R.; Carpenter, G. The Role of mTOR and Injury in Developing Salispheres. Biomedicines 2023, 11, 604. [CrossRef]
26. Nicolescu, M.I. Regenerative Perspective in Modern Dentistry. Dent. J. 2016, 4, 10. [CrossRef]
27. Chatzeli, L.; Teshima, T.H.N.; Hajihosseini, M.K.; Gaete, M.; Proctor, G.B.; Tucker, A.S. Comparing development and regeneration

in the submandibular gland highlights distinct mechanisms. J. Anat. 2021, 238, 1371–1385. [CrossRef]
28. Sinjari, B.; D’Ardes, D.; Santilli, M.; Rexhepi, I.; D’Addazio, G.; Di Carlo, P.; Chiacchiaretta, P.; Caputi, S.; Cipollone, F. SARS-CoV-2

and Oral Manifestation: An Observational, Human Study. J. Clin. Med. 2020, 9, 3218. [CrossRef]
29. Lyra, P.; Machado, V.; Proença, L.; Domingos, J.; Godinho, C.; Mendes, J.J.; Botelho, J. Parkinson’s Disease, Periodontitis and

Patient-Related Outcomes: A Cross-Sectional Study. Medicina 2020, 56, 383. [CrossRef]

https://doi.org/10.1111/j.1834-7819.2010.01229.x
https://www.ncbi.nlm.nih.gov/pubmed/20887509
https://doi.org/10.1016/j.jdent.2004.10.009
https://www.ncbi.nlm.nih.gov/pubmed/15725522
https://doi.org/10.1007/s00784-015-1488-2
https://www.ncbi.nlm.nih.gov/pubmed/25994331
https://doi.org/10.4103/2141-9248.139284
https://www.ncbi.nlm.nih.gov/pubmed/25221694
https://doi.org/10.1111/j.1708-8208.2009.00180.x
https://doi.org/10.5005/jp-journals-10024-1710
https://doi.org/10.1016/j.tripleo.2004.06.080
https://doi.org/10.7126/cdj.2012.1462
https://www.ncbi.nlm.nih.gov/pubmed/18671323
https://doi.org/10.1016/0278-2391(86)90219-3
https://www.ncbi.nlm.nih.gov/pubmed/3490558
https://doi.org/10.3390/jcm9124095
https://doi.org/10.1109/RoEduNet.2016.7753234
https://doi.org/10.1093/jjco/hyz052
https://doi.org/10.1111/j.1601-0825.2006.01268.x
https://doi.org/10.3390/bios6010010
https://doi.org/10.1196/annals.1384.005
https://doi.org/10.3892/etm.2020.8961
https://www.ncbi.nlm.nih.gov/pubmed/32765714
https://doi.org/10.3390/dj9120144
https://www.ncbi.nlm.nih.gov/pubmed/34940041
https://doi.org/10.3390/ijms24108664
https://doi.org/10.3390/biomedicines11020604
https://doi.org/10.3390/dj4020010
https://doi.org/10.1111/joa.13387
https://doi.org/10.3390/jcm9103218
https://doi.org/10.3390/medicina56080383


Medicina 2023, 59, 1647 12 of 12

30. Katsavochristou, A.; Koumoulis, D. Magnetic Resonance and CT Imaging Biomarkers for Prediction of Acute and Chronic
Radiation-Induced Xerostomia. Magnetochemistry 2021, 7, 5. [CrossRef]

31. Busnatu, S, .S.; Niculescu, A.-G.; Bolocan, A.; Andronic, O.; Pantea Stoian, A.M.; Scafa-Udris, te, A.; Stănescu, A.M.A.;
Păduraru, D.N.; Nicolescu, M.I.; Grumezescu, A.M.; et al. A Review of Digital Health and Biotelemetry: Modern Approaches
towards Personalized Medicine and Remote Health Assessment. J. Pers. Med. 2022, 12, 1656. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/magnetochemistry7010005
https://doi.org/10.3390/jpm12101656
https://www.ncbi.nlm.nih.gov/pubmed/36294795

	Introduction 
	Materials and Methods 
	Results 
	In Vitro and Clinical Tests 
	Sensor Testing 
	Clinical Trial 


	Discussion 
	Conclusions 
	Patents 
	References

