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Abstract

This randomized placebo-controlled trial evaluates the impact of photobiomodulation (PBMT) on the salivary flow and bio-
chemistry of patients with chronic kidney disease (CKD) on hemodialysis. Forty-four patients on hemodialysis self-responded
two questionnaires for oral health and salivary gland function perception. The subjects were evaluated for function of salivary
glands and randomly allocated to two groups: PBMT group (three irradiations at 808 nm, 100 mW, 142 J/cm?, and 4 J per site);
and placebo group. Patients were submitted to non-stimulated and stimulated sialometry and after the treatment at baseline and 14
days. Salivary volume and biochemical of the saliva were analyzed. At baseline, most subjects had self-perception of poor oral
health (52.6%) and salivary dysfunction (63.1%). Clinical exam revealed that 47.3% of subjects presented dry mucosa. PBMT
promoted increase of the non-stimulated (p = 0.027) and stimulated saliva (p = 0.014) and decrease of urea levels in both non-
stimulated (p = 0.0001) and stimulated saliva (p = 0.0001). No alteration was detected in total proteins and calcium analysis.
Patients with kidney disease can present alteration in flow, concentrations, and composition of saliva, affecting oral health, but

our findings suggest that PBMT is effective to improve hyposalivation and urea levels in saliva of patients with CKD.
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Introduction

Chronic kidney disease (CKD) is characterized by the pro-
gressive and permanent reductions of renal function due to a
reduction in the glomerular filtrate rate. It is a worldwide pub-
lic health problem and its incidence has been increasing
worldwide, based on aging of the population and the higher
prevalence of diabetes and hypertension. In Brazil, it is esti-
mated that there are 10 to 15 million people with some degree
of CKD, considering an estimated prevalence of 50 cases/
100,000 inhabitants. Depending on the level of renal impair-
ment, it can be classified into the five progressive stages ac-
cording to the Kidney Disease Outcomes Quality Initiative
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(K/DOQI). The last one is called end-stage renal disease and
these patients need hemodialysis or kidney transplant. In the
world, there are around 1.8 million patients in this condition
[1-5].

Renal function is essential for the preservation of life, since
the kidneys are essential to homeostasis. They eliminate un-
desirable products of metabolism, as well as maintain the ex-
tracellular concentration of potassium and the plasma levels of
the other electrolytes constant. Besides, renal function plays a
key role in regulating blood pressure by the renin-angiotens in
system and endocrine functions, such as the production of
erythropoietin, as well as in mineral and bone disorders
(MBD) by the synthesis of the active form of vitamin [6]. In
general, patients with end-stage renal disease, especially those
on hemodialysis, show a wide range of clinical symptoms and
signs, including biochemical changes such as hyperkalemia,
hyperphosphatemia, and hypocalcaemia and hormonal distur-
bances like secondary hyperparathyroidism and low activity
of 1,25(0OH) vitamin D [2]. In addition, CKD can directly or
indirectly affect flow, concentration, and composition of sali-
va. Hemodialysis can effectively minimize most of these
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complications to some extent [6]. Based on the prevalence and
impact of CKD on patients’ quality of life and public health
care, management and support, an increasing health concern
about management and support to patients has arisen [7].

Oral health can also be affected by CKD and dialysis.
Some studies indicate that up to 90% of renal patients have
some oral alterations that include uremic odor, uremic stoma-
titis, gingivitis, decreased taste sensitivity, dry mouth, pale
oral mucosa, decreased salivary flow, dental erosion, prema-
ture tooth loss, enamel hypoplasia, bone alterations as a con-
sequence of secondary hyperparathyroidism, low incidence of
caries, and a greater predisposition to the formation of dental
calculi [8-16]. Alterations related to saliva like xerostomia
(subjective feeling of dry mouth), hyposalivation (objective
reduction of salivary flow), and biochemical composition are
highly prevalent in patients with CKD [17, 18]. Among bio-
chemical modifications, elevated creatinine and urea levels
have been detected with significant positive relationship be-
tween salivary and serum analysis [19-22].

The treatment for salivary changes remains unknown, es-
pecially those related to chronic systemic diseases such as
CKD [23-25]. However, some protocols for salivary flow
stimulation have been proposed, such as mechanical, drug-
based therapy and photobiomodulation therapy (PBMT) in
patients with Sjogren’s syndrome[26—29] and submitted to
head and neck radiotherapy [23, 28-31].

PBMT is described as a form of light therapy that uses non-
ionizing light sources, including lasers, LEDs, and broadband
light, in the visible and near-infrared spectrum. It is a nonther-
mal process that acts mainly on mitochondrial membranes and
in the increase of ATP production, stimulating cellular metab-
olism. PBMT relies on light being absorbed by the
Cytochorme C Oxidase (Cox), which is an enzyme from the
electron transfer chain that mediates the transfer of the elec-
tron to the molecular oxygen. As a direct result of the PBMT,
when the radiant energy is absorbed by the Cox, there is an
increased availability of electrons for the reduction of molec-
ular oxygen in the catalytic center of Cox, which results in
increased mitochondrial membrane potential and ultimately
increasing the production of adenosine triphosphate, cyclic
adenosine monophosphate, and reactive oxygen species
[32]. Indirectly, several beneficial therapeutic outcomes such
as alleviation of pain or inflammation, immunomodulation,
and promotion of wound healing and tissue regeneration have
been described [33].

The incidence and prevalence of CKD have increased in
the world in the last decades, mainly due to the global burden
of diabetes and hypertension [7]. Since this disease is often
progressive and irreversible, many patients reach the end-
stage renal disease with accumulation of metabolic waste
products and multiorgan involvement requiring hemodialysis
or kidney transplantation. In addition to the systemic manifes-
tations that appear due to CKD and its treatment modalities,

@ Springer

these patients can present complications in the oral cavity
[8—15, 34]. Several authors have reported that these patients
present altered salivary flow rates and composition when com-
pared to people without this disease. It influences oral health,
impairs oral functions and patient’s quality of life [11, 15, 16,
34, 35]. PBMT is a promising approach that is being increas-
ingly used to stimulate salivary glands function [27, 28, 30,
33, 36]. PBMT is also capable of stimulating the salivary
glands of rats and increasing salivary flow [36-39].
However, there are few studies that investigate the effects of
PBMT in salivary alterations associated to chronic systemic
diseases [26, 27]. Therefore, this study aimed to investigate
the effects of PBMT in salivary analysis (quantitative and
qualitative) of chronic renal failure patients undergoing
hemodialysis.

Methods
Calculation of sample size

The primary outcome (sialometry) presents a normal distribu-
tion. For the non-stimulated sialometry, the effect size (mag-
nitude of the difference between the groups normalized by its
variability) was 1.0666 and in the stimulated sialometry,
0.9763. The analysis of power indicates that from 11 patients
the power of the test will be 1-3 > 0.80. With 21 patients, the
power of the test for the stimulated collection was 1-3 =
0.9890, and for the non-stimulated collection, it was 1-3 =
0.9963, demonstrating a high probability of correctly rejecting
the null hypothesis. The software GPower 3.1 was used for
this calculation.

Participants and initial evaluation

One hundred and fifty adult patients with CKD on hemodial-
ysis at Hospital das Clinicas, University of Sdo Paulo Medical
School, Sao Paulo, Brazil, were enrolled in the study between
July 2016 and September 2017. Inclusion criteria were as
follows: stable cardiopulmonary and neurological conditions;
Hb > 10.9 g/L and hematocrit > 33%; absence of acute sys-
temic infectious processes; systolic blood pressure (SBP) <
140 mmHg and diastolic BP (DBP) < 90 mmHg in at least
two measurements in two subsequent dialysis; no
hypervolemia; patients over 18 years-old; signed a statement
of informed consent. Exclusion criteria were as follows: pa-
tients in intensive care unit; hemodynamic instability, signs
and symptoms of uremic syndrome related to the cardiovas-
cular and neurological systems; presence of acute systemic
infectious processes; presence of acute cardiovascular disease,
SBP > 141 mmHg and/or DBP > 91 mmHg; significant ane-
mia (Hb < 11 g/L and Hto < 33%); photosensitivity; pregnan-
cy. From all patients, 44 were included. Figure 1 displays the
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Fig. 1 Irradiation sites

study flowchart according to CONSORT (Consolidated
Standards of Reporting Trials) model.

Initially, all patients’ self-responded two questionnaires. The
first was adapted from Geriatric Oral Health Assessment Index
(GOHAI) for patients on hemodialysis [40]. The other involved
the perception of symptoms related to salivary gland function
according to II international criteria for Sjogren syndrome [39,
40]. After that, patients were clinically evaluated using the clin-
ical criterion for the diagnosis of hypofunction of salivary glands
(Navazesh, Christensen and Brightman 1992). The presence of
dehydration and fissures at the commissures and/or vermilion of
the lips was graduated in 4 scores (0, normal; 1, dehydration; 2,
dehydrated and/or cracked tissue; 3, angular cheilitis, erythema,
or cleft at the commissure with lesions of non-traumatic origin).
The alterations in oral mucosa were graduated in 4 scores (0,
normal; 1, apparently dry, but the tissues do not adhere to the
wooden spatula; 2, apparently dry, but the tissues adhere to the
wooden spatula; 3, apparently dry, but the tissues adhere in the
wooden spatula, with disappearance of the parotid papilla). After
that, all patients were submitted to baseline sialometry test (non-
stimulated and stimulated) and randomized.

Randomization and blinding

Forty-four patients were randomized by blocks into two
groups:

PBMT group (n = 24): patients were submitted to three
sessions of PBMT (baseline (before any intervention), 7 and
14 days). PBMT was administered by a single professional
using a continuous wave AsGaAldiode laser (Photon Lase III

— DMC, Sao Paulo, Brazil) with a wavelength of 808 nm
(near-infrared). Irradiation was performed in punctual contact
mode following the parameters described on Table 1. A total
of 20 points were irradiated in each session/day, three
extraoral points in the parotid region (right and left n = 6),
three points in buccal mucosa (right and left, n = 6), two

Table 1 Photobiomodulation therapy parameters

Parameters Infrared laser
Central wavelenght (nm) 808

Spectral bandwith (FWHM) (nm) 2

Operating mode Continuos wave
Average radiant Power (mW) 100
Polarization Random
Aperture diameter(cm) 0.1888
Irradiance at aperture (mW/cm?) 3571

Beam profile Multimode
Beam spot size at target (cm®) 0.028
Irradiance at target (mW/cm?) 3571
Exposure duration (s) 40s per point
Radiant exposure (J/em?) 142

Radiant energy (J) 4

Number of points irradiated 20

Irradiated area (cm?) 0.56
Application technique Contact

Number and frequency of treatment sessions
Total radiant energy (J)

3 sessions, 1per week

240
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extraoral (right and left, n = 4), and two intraoral (right and
left, n = 4) points in the submandibular and sublingual regions
(Fig. 2). The output power of the equipment was measured.
Figure 1 shows the irradiation sites.

Placebo group (n = 20): patients were submitted to same
protocol but the laser was turned off.

The patients were first submitted to sialometry and after to
PBMT or placebo intervention at baseline, 7 and 14 days.
Only one researcher knew in which group the patients were
allocated and performed all the treatments. A blinded re-
searcher performed all the evaluations after the procedures.
The patient was also blinded to the treatment.

Table 1 shows the radiometric parameters used for this work.

Figure 2 shows the flowchart of the experiment.

Salivary collection

Non-stimulated and stimulated saliva were collected from each
patient for analysis of salivary volume, total protein, and urea
and calcium concentrations. The sialometries were always

performed at the same time of the day and before hemodialysis
sessions started. Patients were instructed to not eat, drink, or
perform oral hygiene at least 1 h before the exams. First, non-
stimulated salivary collection was obtained with patient seated
with heads slightly forward and a graduated collector tube posi-
tioned under the lower lip for 5 min to collect saliva. To obtain
the stimulated saliva, patients stayed in the same position and
chewed a piece of silicone of a standard size for 5 min. All the
saliva produced was dispensed in another graduated tube. The
specimens were stored in an icebox and transported to laboratory
and then frozen in a freezer at — 80 © C for further measurement
of the amount and biochemistry analysis. To keep the patient’s
discomfort to a minimum, the salivary collection was limited to
two periods: immediately before any intervention (baseline) and
after the three series of PBM at 14 days.

Analysis of saliva

Analysis of salivary total proteins and urea and calcium levels
was quantified in triplicates using colorimetric analysis with

Assessed for elegibility (n=150)

o Excluded (n= 106 )

Clinical exams and initial sialometries (n=44)

(n=44)

Block Randomization

|

Allocation

PBMT Group (n=24)
- 3 sessions of PBMT (baseline, 7 and 14 days)
- A total of 20 points were applied in each session/day.

- Same protocol but the laser was turned off.

Placebo Group (n= 20)

PBM Group
Discontinued intervention (n=3)

PBM Group
Analyzed (n=21)

Fig. 2 Flow chart of the trial
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commercially available kits (Bioclin, Belo Horizonte, Minas
Gerais, Brazil) and a spectrophotometer(Anthos 2020, Asys,
Austria). The absorbance for each marker was measured using
the wavelength indicated by manufacture.

Statistical analysis

The Student ¢ test was used to compare initial and final anal-
ysis of salivary volume, total proteins, and urea and calcium
levels in each group (PBMT and Placebo). Significance level
was considered o = 0.05. Statistical analysis was carried out
using GraphPad Prism 5 (GraphPad Software, San Diego,
California).

Results

The data regarding the general characteristic of the 38 patients
that completed the study are described on Table 2. At baseline,
(before any intervention) both groups presented similar gen-
eral characteristics.

The results of the GOHAI questionnaire adapted for pa-
tients with CKD on hemodialysis revealed that most subjects
consider their oral health poor and that chronic renal failure is
related to this condition (Table 3). The self-perception of
symptoms related to salivary gland function questionnaire
showed that 24 (63.1%) subjects reported at least one positive
answer, indicating that they have oral symptoms associated
with salivary gland dysfunction (Table 4).

Clinical evaluation of patient’s commissures/lip showed
that 28 (68.4%) exhibited dehydration (Table 5). The buccal
mucosa examination showed that 18 (47.3%) subjects present-
ed apparently dry mucosa with variable adherence of wooden
spatula (Table 6).

The salivary volumes of non-stimulated and stimulated sa-
liva were significantly higher in subjects that received three
sessions of PBMT (p = 0.0270; p = 0.014, Table 7). Other
important results were the urea levels measured in both non-
stimulated and stimulated saliva that showed a significant

decrease after PBMT (p = 0.0001; p = 0.0001). However,
these results were not observed in the placebo group. Other
parameters, such as total proteins and calcium levels, did not
show any significant differences in both types of saliva and
groups (Table 7).

Discussion

At the initial examination, most patients declared poor oral
health. Few studies reported the analysis of oral health in
patients with CKD. However, some important aspects are de-
scribed in this group of patients such as less frequent visits to
dentist associated to economic difficulties, lack of motivation
and stress [41]. In addition, our patients also reported the self-
perception of salivary dysfunction and signals of dryness of
the lip and buccal mucosa were observed. All these findings
are in agreement with previous literature [10, 13, 16, 35, 40],
and can be justified by the fact that our patients were on
hemodialysis for an average of 10.5 years. It is well known
that saliva is a complex biologic fluid secreted by major and
minor salivary glands with a variety of physicochemical prop-
erties [36]. It performs a number of important functions that
are essential for the maintenance of oral health and interacts
directly with oral mucosa and teeth. Salivary secretion is de-
pendent on high metabolic rate, local blood flow and occurs
against an osmotic and pressure gradient. Based on that, var-
ious metabolic processes can indirectly influence the rate of
salivary secretion [33, 42]. In the case of patients with CKD,
and especially in hemodialysis, a decreased mean of stimulat-
ed and non-stimulated salivary flow rates compared to control
group, associated with modification in saliva composition, has
been noticed [15]. Other factors that can justify the dry mouth
in these patients are the combination of direct uremic involve-
ment of the salivary glands, dehydration due to the restriction
of fluid intake and side effects of drugs (fundamentally anti-
hypertensive agents) [9, 34].

Several strategies have been advocated for dry mouth,
using mechanical and gustatory stimulation of salivary glands

Table 2 General characteristics

of subjects included in the study Characteristics PBMT group (n = 21) Placebo group (n = 17) Total (n = 38) p value
Gender, n (%)
Male 13 (61,9) 12 (70.6) 25 (65.8) 0.586
Female 8 (38.1) 5(29.4) 13 (34.2)
Age, year, mean SD 44.2(21 £77) 47.021 £73) 45.6(21 £77) 0.607
Mean of duration of 11.63 (0.6 =£37) 10.05(3 £31) 10.84(0.6 £37) 0.597

hemodialysis, years

Co-morbidity, n (%)
Hypertension 18 (85,7) 12 (70.6) 30 (78,9) 0.784
Diabetes 8 (38,1) 5(29.4) 13 (29.5) 0.406
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Table 3  Geriatric Oral Health Assessment Index (GOHALI) adapted for
chronic renal failure on hemodialysis patients

Table 5  Clinical criteria for the diagnosis of hypofunction of salivary
glands by evaluation of commissures and /or vermilion of the lips

Question Total (n = 38,100%) Score Total (n = 38, 100%)
Do you believe that chronic renal Yes, 20 (52.6%) 0, Normal 12 (31.6%)
failure interferes with your oral health? No, 18 (47.4%) 1, Dehydration 22 (57.9%)
How do you evaluate your oral health Very good, 2 (5.3%) 2, Dehydrated and/or cracked 4 (10.5%)
condition? Good, 3 (7.9%) 3, Angular cheilitis, erythema, or cleft 0 (0%)

Regular, 9 (23.6%)

Poor, 22 (57.9%)

Very poor, 2 (5.3%)

Yes, 18 (47.3%)

No, 13 (34.2%)

Do not known, 7(18.5%)

Do you think you have any oral problems? Dry mouth, 26 (68.4%)
Sensitive teeth, 15 (39.5%)
Broken teeth, 14 (36.8%)
Caries, 13 (43.3%)
Softened teeth, 10 (26.3%)
Gum problems, 10 (26.3%)
No problems, 6 (15.8%)

Have you noticed changes in your oral
health after the diagnosis of chronic
renal failure?

or by saliva substitutes as palliative care [35, 41].
Pharmacological stimulation using systemic sialogogues,
such as pilocarpine and cevimeline hydrochloride, can present
good results in dry mouth. As a side effect, they have been
associated with cardiovascular and pulmonary disorders and
thus are contraindicated in some patients. Conflicting data
about the efficacy of all these approaches have been presented
[41, 43].

In addition, few studies were reported analyzing the man-
agement of dry mouth in patients with CKD [23, 24, 43] and
evaluated the effect of gum or a saliva substitute on
xerostomia, thirst and interdialytic weight gain [23, 41].
After 2 weeks, the authors detected that gum chewing reduced
both thirst and xerostomia, but the saliva substitute had no
effect on xerostomia. To date, some studies have demonstrat-
ed that PBMT is a new beneficial tool for the reduction of
xerostomia, especially in Sjogren syndrome [44]; head and

Table 4  Self-perception of symptoms related to salivary gland function
according to Il international criteria for Sjogren syndrome

Question Total (n = 38, 100%)

Yes, 20 (52.6%)
No, 18 (47.4%)
Yes, 31 (81.6%)
No, 7 (18.4%)

Yes, 23 (60.5%)
No, 15 (39.5%)

Do you have a dry mouth sensation for more
than 3 months?

Do you have recurrent or persistent swelling
in salivary glands?

Do you usually take liquids to help swallow
the food?

neck irradiated patients [45—48].Then, we hypothesized that
PBMT would be an effective treatment for dry mouth, im-
proving the salivary flow and modifying the composition of
saliva in patients with CKD on hemodialysis. Our hypothesis
was confirmed in the present randomized, placebo-controlled
trial. Non-stimulated and stimulated saliva flows of patients
were improved, associated to a decrease of salivary urea levels
after three sessions with 808 nm (near-infrared) using 142
J/em? of radiant exposure and 4 J per point of radiant energy
in major salivary glands. On the other hand, total protein and
calcium levels were not affected by the therapy.

PBMT is a non-ablative and non-thermal irradiation, well
tolerated by the tissues, with no mutagenic effects that can
promote a number of biological effects. The primary effect
occurs when light is absorbed in mitochondrial cytochromes,
increasing ATP production, reducing oxidative stress and ini-
tiating secondary cell-signaling pathways. The overall results
of PBMT therapy are the increase of energy metabolism, im-
provement of cell viability and angiogenesis, modulation of
inflammatory process, and stimulation of wound healing [32,
49-51]. Patients on hemodialysis have a high concentration of
urea in serum and saliva [19, 21]. Urea accumulation in tissues
promotes oxidative stress by generation of highly reactive,
intermediary, oxygen metabolites known as reactive oxygen
species (ROS). ROS imbalance has been considered a major
mediator of various complications of CKD including dry
mouth, uremic breath, and other oral complications [11].
Oxidative stress results in the activation of the redox-
sensitive transcription factor nuclear factor k B (NFKbD),

Table 6 Clinical criteria for the diagnosis of hypofunction of salivary
glands by evaluation of buccal mucosa

Score Total (n = 38, 100%)
0, Normal 20 (52.7%)
1, Apparently dry, but the tissues do not adhere 14 (36.8%)
to the wooden spatula
2, Apparently dry, but the tissues adhere to the 3 (7.9%)
wooden spatula
3, Apparently dry, but the tissues adhere in the 1 (2.6%)

wooden spatula, with disappearance of the
parotid papilla
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Table 7 Analysis of salivary

volume, total proteins, and urea PBMT group Placebo group

and calcium levels of non-

stimulated and stimulated saliva Basal mean Final mean p value Basal mean Final mean p value

in PBMT and placebo groups at

baseline and after 14 days Salivar volume (mL)
Non-stimulated 3.00 3.71 0.027 2.55 2.55 0.89
Stimulated 3.50 4.40 0.014 2.67 2.85 0.39
Total proteins (g/dL)
Non-stimulated 3.47 2.98 0.22 3.34 2.93 0.55
Stimulated 3.82 343 0.68 2.64 2.36 0.68
Urea (mg/dL)
Non-stimulated 152.49 114.24 0.0001 155.66 134.98 0.99
Stimulated 121.06 87.91 0.0001 156.72 156.92 0.99
Calcium (mg/dL)
Non-stimulated 8.74 8.07 0.13 7.85 8.27 0.37
Stimulated 7.30 7.26 0.92 8.68 8.76 0.79

significant different for p-value < 0.05

which leads to the generation of proinflammatory cytokines.
Although the mechanisms involved in salivary gland damage
caused by CKD are not well known, our results showed that
PBM therapy could improve some deleterious effects promot-
ed by this condition. It could reverse the mitochondrial inhi-
bition of respiration and the generation of ROS.

Decrease of xerostomia and an increase in salivary flow
rates have been associated to PBM therapy in other clinical
situations in which salivary glands are affected by
immunological/inflammatory process such as Sjogren syn-
drome [26, 27, 44] or radiotherapy damage [24, 28, 29, 45].
In experimental animal models, PBM therapy showed an in-
crease in the number of duct epithelial cell mitoses, stimulated
protein synthesis in submandibular glands of rats, increased
salivary flow rate, and altered salivary protein concentration
[38, 52]. These effects probably occur because of the activa-
tion of redox-sensitive transcription factors leading to the ex-
pression of an array of gene products that prevent apoptosis
and cell death, stimulate cell proliferation and modulation of
the inflammatory and antioxidant response, and increase
blood microcirculation in the salivary glands [33, 38, 39].

The calcium level in our patients’ saliva was increased in
relation to the normal value described in the literature, which
is around 2.0 mg/dL. Controversial results about calcium
levels in saliva have been described. Some authors claim that
lack of differences is observed in calcium concentration be-
tween healthy patients [34, 35]. No previous results described
the effect of PBM therapy regarding calcium level in patients
with xerostomia related to other conditions.

To the best of our knowledge, PBM therapy has never been
used for the treatment of dry mouth in patients with CKD. The
strength of our study was the study design with a placebo-
controlled clinical trial. Also, our patients of both PBM ther-
apy and placebo groups presented similar clinical and salivary

biochemical profile at the baseline. We reported that PBMT
led to a higher amount of saliva production with improvement
of urea levels. Also, non-irradiated subjects maintained the
same salivary rate flow and salivary composition. These find-
ings might have a significant clinical impact for these patients
since it is easy to perform, and does not increase morbidity or
presents side effects.

One limitation is that we do not perform any questionnaire
and oral mucosa analysis during and after the treatment. In
addition, we do not examine or collect samples of the patients
after a long period to determine if this effect was transient.
However, recent studies performed in patients submitted to
radiotherapy suggest that the effect of laser stimulation on
salivary glands is positive when the gland has residual func-
tion and it is not transient [24, 53]. Other important point that
should be discussed is the difficulty in selecting the PBMT
protocol to be used in this clinical trial. The lack of an effective
and recognized protocol is clear. In the literature, the power,
power density, wavelength, and all other parameters differ
considerably in the studies that used PBMT for xerostomia
[54, 55]. We decided for using the near-infrared wavelength
because of the depth of the glandular parenchyma to be irra-
diated. The sessions took place once a week for 3 weeks, with
the objective of maintaining the patients’ adherence to
therapy.

Conclusion

In conclusion, this clinical trial shows that PBMT is effective
to improve hyposalivation and urea levels in the saliva of
patients with CKD on hemodialysis. Based on these findings,
PBMT could be considered a promising therapeutic strategy
for xerostomia/hyposalivation in these patients. Further
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studies need to be performed to investigate the mechanisms
involved in the underlying effects of PBMT on salivary gland
dysfunction associated to CKD.
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