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Abstract

Introduction

Background: Diabetes mellitus is a chronic metabolic
disorder, which usually leads to various complications. Among
these complications is salivary hypofunction characterized
by an abnormal reduction in saliva flow rate.

DIABETES mellitus (DM) is a chronic disease
associated with hyperglycemia and caused by total
or partial insulin insufficiency. DM has become a
worldwide public health problem. According to
the growing morbidity in recent years, by 2040,
the world's diabetic patients will rise to 642 million,
which means that in the future one of the ten adults
will suffer from diabetes [1] .

Aim of Study: The aim of this study was to find out the
efficacy of LLLT on hyposalivation in diabetic type 2 patients.
Patients and Methods: Twenty-five diabetic type 2 patients
from both sexes (16 females and 9 males) were included in
the study. Their ages ranged from 40 to 55 years old. Patients
were recruited from the outpatient clinic of internal medicine,
Suez Canal hospital. All patients included in the study were
with whole resting saliva !9 0.16ml/min. The study was conducted from August 2020 to March 2021. The salivary flow
rate was measured using the 'low forced spitting' method. The
collection period was 5min. The salivary flow rate (ml/min)
was calculated by dividing the collected salivary amount
(volume in ml) by the time of collection period (5 minutes).
The salivary flow rate was measured before starting of sessions
(pretreatment), after the 6 th session (post I), and after the 12 th
session (post II) in the same procedure. Patients were assigned
into one experimental group received 12 sessions (2 sessions
per week for 6 weeks) of low-level laser. LLLT was performed
on the major salivary glands punctually. Three points were
applied extraorally to each parotid gland, two to each submandibular gland, and two to each sublingual gland. A total
of 14 points were applied per session. Application duration
was 30 sec per point (total duration of 14 points was 420sec).
Results: There was a significant increase in salivary flow
rate at the post I and post II compared with pretreatment
(p <0.001). The percent of change at the post I was 118.18%
and at post II was 218.18%. There was a significant increase
in salivary flow rate at post II compared with post I ( p<0.001)
and the percentage of increase was 45.83%.
Conclusion: These results suggested that LLLT had a
hopeful effective role in improving hyposalivation related to
diabetic complications.
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DM can cause serious dysfunction and damage
to various organs, especially the eyes, heart, kidneys, blood vessels, and nerves [2] . Due to the
negative impacts of diabetes mellitus on the sympathetic and parasympathetic nervous system,
dehydration, microangiopathy, and hormonal
changes, it may result in discrepancies in the salivary flow rate with marked salivary hypofunction
[3] .
Hyposalivation is one of the main problems
caused due to the altered flow rate of stimulated
and unstimulated whole saliva in type II diabetic
patients. In addition, diabetic patients usually have
a higher concentration of glucose, calcium, and
urea, which leads to several oral diseases, as xerostomia and oral lesions [4] . Xerostomia is defined
as the subjective sensation of dry mouth caused
due to the reduction or absent salivary secretions
while hyposalivation is an objective sign of saliva
reduction [5] . The average unstimulated salivary
flow rate of a normal adult ranges from 0.1-0.5ml/
min while the stimulated flow rate was found to
be higher, 1-2ml/min [6] . It is estimated that an
unstimulated salivary flow rate <_ 0.16ml/min is
considered hyposalivation [7] .
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Dry mouth has been associated with several
oral and general symptoms, such as difficulty in
swallowing, speech disorders, difficulty in eating
dry food, alteration of taste, waking at night to
drink water, and repetitive need to drink water
during the day [23] . In addition, Hyposalivation
can cause many oral disorders such as dental caries,
gingivitis, and mastication problems. In turn, these
disorders eventually will decrease oral healthrelated quality of life [5] .

diabetics with fasting blood glucose level ≥ 126mg/
dl or currently taking diabetic medications. Excluded patients by the physician were pregnant females,
cardiac and cancer ones, patients undergoing medical management for xerostomia, patients with
neurological disorders (Parkinson's disease, stroke,
epilepsy, and Bell's palsy), endocrine diseases,
salivary gland diseases, Chronic inflammatory
autoimmune disease, and acute oral inflammatory
disorders.

Management of hyposalivation using salivary
substitutes and pharmacologic methods has side
effects such as profuse sweating, urinary frequency,
rhinitis, and dyspepsia [7] . There is no completely
effective treatment for xerostomia and hyposalivation [8] . Therefore, future development of alternative
treatment strategies is highly required [9] .

Evaluated parameters:
Salivary flow rate assessment:
The salivary collection was performed between
9 and 11 am. Patients were asked to refrain from
eating, chewing gum, and drinking for 2 hours
before the test session, to avoid swallowing, and
to make as few movements as possible during the
procedure. To collect whole resting saliva, patient's
arms relaxed over their knees while lowering heads
and facing slightly forward over the graduated test
tube to collect the saliva in the anterior region of
the mouth floor. Maintaining little body movement
and or facial movements, patients spit into the test
tube using 'low forced spitting' movement. The
collection period was 5min. The salivary liquid
component, not the foam, only was measured. The
salivary flow rate (ml/min) was calculated by
dividing the collected salivary amount (volume in
ml) by the time of collection period (5 minutes).
The salivary flow rate was measured before starting
of sessions (pretreatment), after the 6th session
(post I), and after the 12 th session (post II) in the
same procedure. An increased post-treatment whole
salivary flow rate than pre-treatment whole salivary
flow rate was considered an improvement in the
study.

Low-level laser therapy (LLLT) is a device
known for its wound healing properties due to the
stimulation of cellular processes, such as proliferation, migration, and differentiation. Previous
studies proved that low-level laser therapy (LLLT)
is effective in the treatment of diseases and various
conditions by stimulating biomodulation in the
cellular metabolism of the tissue to be repaired. It
also has anti-inflammatory and analgesic effects
[10] .
Depending on these beneficial effects, LLLT
has been used as a salivary stimulant in patients
with conditions and diseases that involve a decreased salivary flow rate [11] . Therefore, the aim
of this study was to determine the efficacy of lowlevel laser therapy (LLLT) on hyposalivation in
type 2 DM.
Material and Methods
Subjects and study design:
Subjects:
Twenty-five diabetic type 2 patients from both
sexes (16 females and 9 males) were recruited
from the outpatient clinic of internal medicine,
Suez Canal hospital to participate in the study;
their ages were from 40-55 years old. All patients
included in the study were with whole resting
saliva <_ 0.16ml/min [7] . The study was conducted
in the Outpatient Clinic of Internal Medicine Suez
Canal hospital, Ismailia; from August 2020 to
March 2021. All the procedures of the study were
approved by the Ethical Committee for Scientific
Researches of Faculty of Physical Therapy, Cairo
University with approval number (P.T.REC/
012/002770). All participated patients in the study
were non-smokers, non-alcoholic, and diagnosed

Low-level laser therapy protocol:
Patients were assigned into one experimental
group received 12 sessions (2 sessions per week
for 6 weeks) of low-level laser by (EME PHYSIO
LIS 1050: LT1370, made in Italy). The following
parameters were used: 905nm wavelength, 100mW
output power, 3.57W/cm 2 power density, 71J/cm 2
doses per point, 2J energy per point, application
time 30sec per point, and 28J dose per session.
LLLT was performed on the major salivary glands
punctually. Three points were applied extraorally
to each parotid gland, two to each submandibular
gland, and two to each sublingual gland. A total
of 14 points were applied per session. Application
time was 30sec per point (total duration of 14
points was 420sec). The tip of the tool remained
in contact with and perpendicular to the patients'
skin during the applications (extraoral).
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Statistical analysis:
Descriptive statistics were conducted for the
subject characteristics. Normal distribution of data
was checked using the Shapiro-Wilk test. ANOVA
with repeated measures test was conducted for
comparison between pre, post 1, and post II measurements of salivary flow rate. The level of significance for all statistical tests was set at p<0.05.
All statistical tests were performed through the
statistical package for social studies (SPSS) version
25 for windows. (IBM SPSS, Chicago, IL, USA).
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Participant characteristics:
Table (1) showed the participant characteristics
of the study group.

Fig. (1): Mean salivary flow rate at pretreatment, post I, and
post II.

Table (1): Basic characteristics of participants.

Diabetes is commonly accompanied by dysfunction of salivary glands causing salivary hypofunction or xerostomia [12] . This condition may
result in other problems (e.g., difficulty in eating,
swallowing, and speaking, constant sore throat,
changes in the sense of taste, burning sensation,
oral pain, dental caries, and frequent difficulties
in the use of dental prosthetics [13] .

Study group
Age, mean ± (SD), years
Weight, mean ± (SD), kg
Height, mean ± (SD), cm
BMI, mean ± (SD), kg/m 2

49.08±4.37
82.08± 14.48
165.72±8.28
29.81 ±4.41

Sex, n (%):
Females
Males

16 (64%)
9 (36%)

SD: Standard deviation.

Effect of treatment on salivary:
There was a significant increase in salivary
flow rate at post I and post II compared with
pretreatment (p<0.001). The percent of change at
post I was 118.18% and at post II was 218.18%.
There was a significant increase in salivary
flow rate at post II compared with post I ( p<0.001)
and the percentage of increase was 45.83%. (Table
2).
Table (2): Mean salivary flow rate at pre-treatment, post I,
and post II.
Salivary flow rate
(ml/min)

Pre-treatment Post I
Post II
Mean ± SD Mean ± SD Mean ± SD
0.11 ±0.04 0.24±0.08
MD

Multiple comparisons
(Bonferroni test):
–0.13
Pre Vs Post I
–0.24
Pre Vs Post II
–0.11
Post I Vs Post II
SD : Standard deviation.
MD: Mean difference.
p-value: Level of significance.

0.35±0.06

% of change p-value

118.18
218.18
45.83

0.001
0.001
0.001

Discussion

Therefore, the aim of the current study was to
find out the impact of LLLT on hyposalivation in
type 2 diabetics. Analysis of the results of the
present study indicated that application of extraoral
LLLT on bilateral major salivary glands led to a
highly significant improvement in salivary volume
and flow rate after 6 sessions and after 12 sessions
measurements compared to pretreatment with percent of change 118.18%, 218.18% respectively.
Comparing post I (after 6 sessions) to post II (after
12 sessions) measurements showed that there is a
positive continuous effect of LLLT with increasing
the number of sessions until the 12 th session as
the percentage of increase was 45.83%.
Until now, the exact mechanism of positive
efficacy of low-level laser on salivary glands stimulation remains poorly understood [8] . It has been
estimated that the effect produced by LLLT is
based on its capacity to modulate various metabolic
processes, by conversion of the laser energy through
biochemical and photophysical processes, which
transform the laser light into energy useful to the
cell. Visible laser energy is absorbed by chromophores in the respiratory chain of the mitochondria,
with an increase in ATP production, which results
in increased cellular proliferation and protein
synthesis, aiding tissue repair [14] . Among the
effects of LLLT, it has a deeply analgesic effect,
can promote cellular biomodulation, collagen syn-
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thesis, fibroblast proliferation, and tissue regeneration [15] .
Regarding xerostomia, LLLT produces gland
regeneration, improved salivary flow, and secretions, improved antimicrobial characteristics, and
reduction of orofacial pain [13] . Sato et al., [16]
supposed that LLLT leads to stimulation of lingual
nerve that supplies salivary glands causing rapid
increases in glandular blood flow and induced
salivary secretion from the three glands in both
diabetic and nondiabetic rats.
Pavlic´, [17] stated that in all published articles,
which were considered adequate for this overview,
positive effects of low-level laser therapy were
reported. Low-level laser therapy could significantly enhance salivary secretion and improve antimicrobial characteristics of secreted saliva. Furthermore, low-level laser therapy could improve
salivary flow and regeneration of salivary duct
epithelial cells.
The literature on LLLT for the management of
hyposalivation in DM is limited. A study was done
by González et al., [18] involving a variety of
noncancer patients with xerostomia, LLLT was
applied daily: Extraorally to the parotid and submandibular glands and intraorally on the sublingual
glands. A gradual increase in the stimulated salivary
flow was found after LLLT compared to controls.
Similar results in noncancer patients were reported
by [19] .
Simões et al., [20] made a clinical case study
report on dry mouth symptoms in a patient with
Sjogren's syndrome using LLLT. The salivary flow
rate and xerostomia symptoms were measured
before, during, and after LLLT treatment. Dry
mouth symptoms improved during LLLT. In their
study, they found that the incidence of xerostomia
is significantly reduced in patients treated with
LLLT.
In addition, the use of low-level laser therapy
on salivary glands in the treatment of xerostomia
has proved to be not only stimulative but also
regenerative in nature [21] .
Previous studies on experimental animal models
demonstrate the diverse effects of LLLT on salivary
glands. It was shown that LLLT stimulates mitotic
activity in the epithelial tissue of murine salivary
glands, increases the salivary flow rate, changes
enzymatic activity levels in saliva, and alters salivary protein concentration. Most of the previously
published studies refer to investigations into the
effect of low-power lasers on structural and cyto-

chemical alterations in animal salivary glands,
while only a small number of clinical cases have
been reported [22] .
Therefore, our present study's findings confirm
the results of similar studies and support the idea
that LLLT could affect salivary hypofunction promoting significant increase in salivary flow rate.
As a result, an evident improvement in quality of
life could be achieved.
Conclusion:
Based on the results of the current study, it was
concluded that LLLT had a hopeful effective role
in improving hyposalivation related to diabetic
complications.
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