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Abstract: The aim of this study was to examine how the composition and properties of saliva change
in people with osteoporosis who have received antiresorptive (AR) treatment, compared to patients
with osteoporosis who have not yet received this treatment. Methods: The study population consisted
of 38 patients with osteoporosis using AR drugs (Group I) and 16 patients with osteoporosis who
had never used AR drugs (Group II). The control group consisted of 32 people without osteoporosis.
Laboratory tests included determination of pH and concentrations of Ca, POy, total protein, lactofer-
rin, lysozyme, sIgA, IgA, cortisol, neopterin, activity of amylase at rest, and stimulated saliva. The
buffering capacity of stimulated saliva was also determined. Results: There were no statistically sig-
nificant differences between the saliva of Group I and Group II. No statistically significant correlation
was found between the amount of time using AR therapy (Group I) and the tested parameters of the
saliva. Significant differences were found between Group I and the control group. The concentrations
of POy, lysozyme, and cortisol were higher, while concentrations of Ca ions, sIgA, and neopterin
were lower, in comparison to the control group. The significant differences between Group II and the
control group were smaller, and they concerned only the concentrations of lysozyme, cortisol, and
neopterin. Conclusions: The saliva of people with osteoporosis subjected to AR therapy and those
not subjected to AR therapy did not show statistically significant differences in terms of the examined
parameters of the saliva. However, the saliva of patients with osteoporosis taking and not taking AR
drugs was significantly different compared to the saliva of the control group.

Keywords: saliva; osteoporosis; antiresorptive drugs; bisphosphonates; denosumab; oral health;
systemic diseases

1. Introduction

Osteoporosis is a disease of the skeletal system characterized by increased suscepti-
bility of bones to fractures, which occur as a result of bone tissue structure disorders and
low bone mass [1-5]. In the course of osteoporosis, there is loss of bone mass of the entire
skeleton; this relationship also applies to the maxilla and the mandible [5-7]. Patients
suffering from osteoporosis and osteopenia are exposed not only to the loss of mineral
density of the jaw bones, but also to tooth loss and periodontal disease [5,7-9].

Due to demographic changes, osteoporosis is a growing epidemiological
problem [1,2,4,10-13]. According to the data from the literature, it is estimated that over
22 million women and 5.5 million men in Europe suffer from osteoporosis [1,2]. The
incidence of osteoporosis increases with age and is more common in women [1,4,5,11].

Due to the chronic nature of osteoporosis, it requires a long-term treatment strat-
egy [13]. Medications used in the treatment of osteoporosis affect the basic processes
during bone tissue remodeling, i.e., resorption (antiresorptive (AR) drugs) and/or bone
formation (anabolic drugs) [3,13]. The major goals of treatment for osteoporosis are preven-
tion of fractures and increase in bone mineral density (BMD) [2,12]. Bisphosphonates and
denosumab are commonly prescribed treatment forms for osteoporosis [1,3,10,11,13,14].
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Bisphosphonates are synthetic derivatives of pyrophosphates and have a strong AR
effect [1,5,14-17]. The basic mechanism of action of bisphosphonates, i.e., inhibition of
bone resorption, results from their high affinity for bone mineral components and bind-
ing to hydroxyapatite crystals [3,5,14,16,17]. Orally administered bisphosphonates are
the most commonly used first-line drugs in osteoporosis [1,13,18]. This group includes
alendronate, risedronate, and ibandronate—for daily, weekly, or monthly use, depending
on the drug [11,13,15]. Ibandronate can also be used intravenously, with injections being
given every three months.

Denosumab is a human monoclonal antibody that has a different mechanism of AR ac-
tion than bisphosphonates [3,12,17,19]. It does not incorporate the bone matrix but is directed
against the receptor activator of nuclear factor kappa B ligand (RANKL) [1,11,12,15,19,20].
Prevention of the RANK/RANKL association inhibits the formation, function, and sur-
vival of osteoclasts, thereby reducing bone resorption [3,19]. Denosumab is indicated
mainly for postmenopausal women with osteoporosis at high risk of fracture, or for pa-
tients who have failed or are intolerant to other available osteoporosis therapies [3,12].
It has been documented in the literature that denosumab therapy is associated with a
reduced risk of vertebral, non-vertebral, and proximal femoral fractures [1,11,19]. In the
treatment of osteoporosis, this drug is administered via subcutaneous injections every six
months [1,3,11,12,19,20].

Studies show that the use of AR drugs in the treatment of osteoporosis is associated
with the risk of medication-related osteonecrosis of the jaw (MRON]) [5,12-15,17-22]. AR
drugs impair bone turnover and cause prolonged healing of the jaw bones after surgical
procedures [19]. Moreover, bisphosphonates show toxic and antiangiogenic effect on the
oral epithelium [5,19]. One of the factors contributing to the occurrence of this dangerous
complication is the poor condition of the oral cavity, which is associated, among others,
with diseases of the teeth, periodontium, and oral mucosa, as well as with poor oral
hygiene [17,19,22].

An important role in maintaining oral health is that of saliva, which is the fundamental
component of the oral environment and performs a number of functions that are important
for health [23-27]. The presence of sIgA, IgA, IgM, IgG, and IgD antibodies and non-
immune components in saliva enables its antimicrobial activity through specific and non-
specific immunity [23-25,27-30]. Among the non-specific factors, lysozyme and lactoferrin,
with their antibacterial activity, should be mentioned [23,25,27-30]. Thanks to its buffering
capacity and the presence of POy ions and Ca ions, saliva is involved in maintaining the
balance between demineralization and remineralization of hard dental tissues, supporting
the repair processes in the oral cavity [23,24,26,27,29,30]. Saliva is also involved in the
perception of taste, the formation of bites, and takes part in the initial digestion of starch
via salivary amylase [23-28,30]. Saliva contains ingredients that reflect the condition of the
whole organism [25,27,31]. These include, among others, cortisol (a marker of psychological
stress) and neopterin (a non-specific indicator of cellular immune response) [25,32,33].

The aim of this study was to examine how the composition and properties of saliva,
which are important for oral health, change in people with osteoporosis who have received
AR treatment, compared to patients with osteoporosis who have not yet received this
treatment. The obtained results were compared with the control group. The following
saliva parameters were taken into account in the study: pH, buffering capacity, Ca ions,
POy ions, total protein, lactoferrin, lysozyme, sIgA, IgA, cortisol, neopterin, and amylase.
Knowledge about potential changes in the composition of saliva in osteoporotic patients
taking AR drugs may contribute to determining the treatment needs of this group of
patients in terms in MRON] prevention.

2. Materials and Methods
2.1. Patient Population

A total of 54 patients diagnosed with osteoporosis (49 women and 5 men) aged
55-84 years (mean value = 70.5, standard deviation (SD) = 6.5, median (Me) = 70) were
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examined. Group I consisted of patients with osteoporosis, in whom AR therapy was
implemented. AR drugs were taken by 38 patients (34 women and 4 men) aged 55-84 years
(mean value =70.6, SD = 6.8, Me = 70). Meanwhile, 26 patients were taking ibandronate
sodium, 7 patients were taking alendronate sodium, 4 patients were taking denosumab,
and 1 patient was taking risedronate sodium.

The majority—31 patients (81%)—were taking drugs orally, 4 patients were taking
drugs subcutaneously (11%), and only 3 patients were taking drugs intravenously (8%).
The average duration of therapy with AR drugs was 36.5 months (5 patients took the drugs
for 2 to 6 months—an average of 4.4 months; in 17 patients, AR therapy was carried out for
a period of 15 to 33 months—an average of 23.2 months; 17 patients took drugs from 36 to
120 months—an average of 56.4 months).

Group II consisted of 16 patients with osteoporosis (15 women and 1 man) aged
62-82 years (mean value = 71.1, SD = 7.0, Me = 70), who had never used AR drugs but were
qualified for the implementation of this pharmacotherapy in the future.

The control group consisted of 32 people in generally good health (18 women and
14 men) aged 51-83 years (mean value= 69.3, SD = 6.9, Me = 69), with no history of
osteoporosis, and who had never been treated with AR therapy.

Patients falling into one or more of the following four groups were excluded from the
study: patients with systemic infection; those with active local infection within the oral
cavity; patients with a disease of the salivary glands; and those with an active oncological
disease. Furthermore, patients who did not comply with the rules of saliva collection
or did not consent to the study were also excluded. Saliva samples contaminated with
blood were disqualified from the study. Qualification of participants for the study and
saliva collection was carried out in two centers: at the Maxillofacial Surgery Clinic of
the Medical University Hospital in Gdansk, and at the Dental Surgery Department of
the Orlowo Medical Clinic in Gdynia. All patients who participated in the study were
Caucasian. Osteoporosis was diagnosed by a rheumatologist according to the current
guidelines. All osteoporotic patients underwent dual X-ray absorptiometry (DXA) scans.
All participants of the study received a full dental/intraoral examination. Standard dental
examination included anamnesis (medical history including information on the general
health, medication taken, and smoking habits). Intraoral examination included assessment
of the condition of dentition, the periodontium, oral hygiene, and mucosal condition. The
results obtained will be the subject of further publications. The study protocol was approved
by the Ethics Committee of the Medical University of Gdansk, Poland (NKBBN /166/2016).
Ethical aspects of the research were in accordance with the World Medical Association’s
Declaration of Helsinki.

2.2. Saliva Collection

The material for the study was mixed saliva. A resting saliva sample and a stimulated
saliva sample were collected from each study participant. The spitting method was applied
according to the standardized guidelines. Each participant received guidelines on the method
of saliva collection. All saliva samples were collected in sterile Corning-type test tubes. Saliva
was collected in the morning, 2 h after the previous meal, drink, mouthwash, and tooth
brushing. Study participants did not smoke or chew gum for 2 h prior to saliva collection.

Unstimulated salivary samples were obtained by expectoration in the absence of chewing
movements for a period of 5 min. When collecting stimulated saliva, the actual saliva collection
was preceded by chewing of a paraffin cube for one minute, and then saliva was released for
5 min. Immediately after collection, the pH level was determined in the resting saliva, and the
pH level and buffer capacity were determined in the stimulated saliva.

Then, the collected samples of resting and stimulated saliva were stored at —30 °C
until the start of the biochemical tests. The concentrations of PO, ions (mg%) and Ca ions
(mg%), total protein (mg/mL), lactoferrin (ug/mL), lysozyme (ug/mL), sIgA (ug/mL),
IgA (ug/mL), cortisol (ng/mL), neopterin (nmol/mL), and amylase activity (U/mL) were
determined in the collected saliva. Laboratory tests of saliva were performed in the bio-
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chemistry laboratory of the Department of Conservative Dentistry of the Medical University
of Gdansk.

2.3. Biochemical Analysis of Saliva

The tests of the inorganic components of saliva were carried out in non-centrifuged
saliva. Sigma-Aldrich pH Test Strips 4.5-10.0 were used to measure the pH of the saliva.
The concentration of Ca ions was determined by the Arsenazo III method. This method
uses the metallochromogen Arsenazo III, which binds Ca ions to form a colored complex,
and whose absorbance can be measured at a wavelength of 650 nm. The reagent (Alpha
Diagnostics) was added to the saliva sample at a ratio of 1:100 and incubated for 1 min.
Absorbance was then measured at 650 nm. The calcium concentration was calculated from
the standard curve. The direct method with phosphomolybdate based on the modified
method of Daly and Ertingshausen was used to determine the concentration of POy ions.
The reagent (Alpha Diagnostics) was added to the saliva sample at a ratio of 1:100, incubated
for 6 min, and then the absorbance was measured at 340 nm. The phosphorus concentration
was calculated from the standard curve. Measurements were carried out using a Sunrise f.
TECAM spectrophotometer.

The tests of organic components were carried out in centrifuged saliva. The saliva was
centrifuged for 10 min at 14,500 rpm using an Eppendorf Mini Spin Plus centrifuge. The
total protein concentration was determined using the modified Lowry method. For protein
determination by this method, the following were used: samples of spun saliva, 0.1% BSA,
Folin—Ciocalteu reagent, CTC reagent (consisting of 0.1% CuSQOy, 0.2% potassium sodium
tartrate, and 10% NapSO;), reagent A (consisting of 5% SDS, 0.8 N NaOH, and CTC reagent
at a ratio of 2:1:1). Standard albumin solution: 0.1% BSA solution was diluted so that in
the next 10 tubes the protein concentration was 10-100 pug/mL. Preparation of the samples
consisted of adding 500 pL of reagent A to 500 pL of the tested protein solution, which were
then thoroughly mixed and left for 10 min at room temperature. With immediate vigorous
stirring, 250 pL of Folin—Ciocalteu reagent were added. After 30 min, the absorbance at
750 nm was measured.

The protein concentration in the tested samples was calculated from the calibration curve.
Measurements were carried out using the HACH LANGE DR 3900 spectrophotometer.

The concentrations of lactoferrin, lysozyme, and immunoglobulin IgA were deter-
mined using the immunoenzymatic ELISA method using non-commercial tests. The
immunoenzymatic ELISA method using commercial tests was used to determine the con-
centration of sIgA immunoglobulin (Immuniq, Inmunodiagnostik), the concentration of
neopterin (Demeditec), the concentration of cortisol (R&D), and the activity of amylase
(IBL). The absorbances were measured at a wavelength of 450 nm. Measurements were
carried out using a Sunrise f. TECAM spectrophotometer.

The CRT® buffer tests by Ivoclar Vivadent were used to measure the buffering capacity
of the saliva.

2.4. Statistical Analysis

The statistical analyses were performed by BIO-STAT Statistical Research and Analyses
Studio in Gdansk, using the statistical suite STATISTICA (data analysis software system),
version 12.0 (StatSoft Inc., Tulsa, OK, USA).

Statistical significance of the differences between groups was determined using the
Kruskal-Wallis test. Where statistically significant differences were obtained between
groups, post hoc tests were performed (Dunn’s test). The independent chi-squared test
was used for qualitative variables. In order to determine the relationship, strength, and
direction between the variables, correlation analysis was used by calculating the Pearson’s
correlation coefficient.

In all calculations, the statistical significance level of & = 0.05 was used.
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3. Results

There were no statistically significant differences between the examined parameters of
saliva in people with osteoporosis taking AR drugs compared to people with osteoporosis
who had never been subjected to AR therapy (Tables 1 and 2). Moreover, the buffering
capacity of saliva in patients treated and not treated with AR was similar (Table 3). The
average duration of therapy with AR drugs was 36.5 months (SD = 24.1, range 2-120,
Me = 31.5). No statistically significant correlation was found between the duration of
AR therapy in patients with osteoporosis and the examined parameters of resting and

stimulated saliva.

Table 1. Comparison of biochemical parameters in unstimulated saliva from the study groups and

the control group.

Unstimulated Saliva

Study Groups

Patients Suffering from Osteoporosis

Control Group

; i -Val
(US) . Wl'th ‘ Wltl.mut (n=32) p-value
Antiresorptive Therapy Antiresorptive Therapy
(n=38) (n=16)
pH n=38 n=16 n=32 0.1971
Range 5.0-8.0 55-75 5.5-8.0
Me 6.5 7.0 7.0
Ca (mg%) n=237 n=16 n=232
Range 0.6 -14.35 4.59-17.17 3.07-15.90 0.058 1
Me 5.12 5.86 5.41
POy (mg%) n=237 n=16 n=232 0.020 1=
Range 5.12-71.16 10.88-44.16 5.15-66.62 a0.027 2*
Me 23394 25.92 14.622
Total Protein (mg/mL) n=36 n=16 n=28 0.4751
Range 0.48-4.73 0.83-4.04 0.42-6.07
Me 2.07 2.87 2.35
Lactoferrin (ug/mL) n=35 n=15 n=28 0.755 1
Range 0.36-201.00 1.10-60.10 1.48-230.00
Me 13.20 10.83 24.23
Lysozyme (ug/mL) n=235 n=16 n=28 <0.001 1*
Range 0.18-3.14 0.15-1.87 0.03-0.72 2 <0.001 2*
Me 0.772 0.72"° 0.30 b b 0.004 2
sIgA (ng/mL) n=231 n=16 n=29 0,009 1+
Range 39.20-1385.03 87.37-938.71 96.67-1193.54 ar 2.
Me 390.47 2 372.76 529.03 2 0.011
IgA (ug/mL) n=35 n=16 n=27
Range 103.94-1255.88 67.48-1339.40 38.88-1125.39 0.0871
Me 374.64 331.95 223.69
Cortisol (ng/mL) n =34 n=16 n=32 0.001 1*
Range 0.83-40.00 1.39-10.62 0.84-6.71 20.033 2*
Me 6.032 7.18° 2.99 b b0.001 2+
Neopterin (nmol/L) n=33 n=16 n=231 <0.001 1*
Range 1.14-13.27 1.22-13.28 1.35-124.30 20.001 2*
Me 3.612 2.17° 10.34 2P b 0.006 2
Amylase (U/mL) n =30 n=16 n=29
Range 1.68-685.00 10.06-611.10 12.15-538.57 0.2541
Me 89.64 194.00 84.99

Legend: 1 Kruskal-Wallis test, * « = 0.05; 2 post hoc test, * « = 0.05; Me = median; indication of significant
differences between the specified parameters: a-a, b-b; n—the number of saliva samples on which the test was
performed (in some cases, the amount of saliva collected was not sufficient to perform the test).
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Table 2. Comparison of biochemical parameters in stimulated saliva from the study groups and the
control group.

Study Groups
Patients Suffering from
Stimulated Saliva Osteoporosis Control Group
p-Value
(8S) With Without (n=32)
Antiresorptive Therapy Antiresorptive Therapy
(n=38) (n=16)
pH n=38 n=16 n=32 0.170!
Range 5.5-8.0 6.0-8.0 5.5-8.0
Me 7.0 7.5 75
Ca (mg%) n=238 n=16 n=232 s
Range 0.98-12.66 1.02-7.42 1.02-14.18 00d6 7
Me 3522 4.08 4512 0.040~
PO, (mg%) n=238 n=16 n=232 0.4431
Range 2.57-35.58 2.57-33.63 5.85-52.19
Me 14.72 14.65 11.90
Total Protein (mg/mL) n=236 n=16 n=31 02211
Range 0.39-4.10 0.48-3.64 0.39-6.02
Me 1.39 2.07 1.83
Lactoferrin (ug/mL) n=37 n=16 n=29 0.1141
Range 0.95-74.00 1.20-32.16 0.72-35.60
Me 7.13 8.32 17.73
Lysozyme (ug/mL) n =36 n=16 n=29 0.001 1*
Range 0.03-4.18 0.22-1.87 0.04-0.72 0,001 2+
Me 0.642 0.67° 0.35 P 0,022 2+
sIgA (ug/mL) n =35 n=16 n =30 e
Range 49.60-429.03 21.63-961.29 66.60-1212.90 ,0.008 2%
Me 129.04 2 168.08 380.26 2 0.003
IgA (ug/mL) n=236 n=16 n =30
Range 25.14-1041.82 18.40-1076.95 22.31-1499.29 04101
Me 201.35 270.74 130.33
Cortisol (ng/mL) n=237 n=15 n=32 -
Range 0.77-52.00 0.75-10.62 0.75-14.20 0022 7%
Me 531 7362 321° 0.020
Neopterin (nmol/L) n=235 n=16 n=232 <0.001 1#
Range 1.15-39.56 1.19-13.05 1.46-39.23 a.<0.001 2%
Me 1922 2.18° 11.55 &b b 0,005 2+
Amylase (U/mL) n =33 n=16 n =30
Range 1.68-685.00 9.04-722.00 17.01-523.09 0.7231
Me 106.80 166.99 115.00

Legend: 1 Kruskal-Wallis test, * « = 0.05; 2 post hoc test, * « = 0.05; Me = median; indication of significant
differences between the specified parameters: a-a, b-b; n—the number of saliva samples on which the test was
performed (in some cases, the amount of saliva collected was not sufficient to perform the test).

Table 3. Comparison of buffer capacity of stimulated saliva from study groups and the control group.

Study Groups

Patients Suffering from Osteoporosis Control Group

Stimulated Saliva

With Without n =32 p-Value
(SS) . . . . 0
Antiresorptive Therapy Antiresorptive Therapy (100%)
n =38 (100%) n =16 (100%)
Low Buffer Capacity 3 (7.9%) 0 (0.0%) 2 (6.3%)
Medium Buffer Capacity 11 (28.9%) 7 (43.8%) 4 (12.5%) 0.1431
High Buffer Capacity 24 (63.2%) 9 (56.3%) 26 (81.3%)

Legend: 1 chi-squared test, o« = 0.05.



Int. |. Environ. Res. Public Health 2023, 20, 4294 7 of 14

There were significant differences in some parameters of unstimulated (US) and stim-
ulated saliva (SS) between people taking AR drugs and the control group. In the case of
inorganic components, it was found that the concentration of PO, ions was statistically sig-
nificantly higher only in the resting saliva of patients taking AR drugs (Me = 23.39 mg%)
compared to the control group (Me = 14.62 mg%) (Table 1). However, the concentration of Ca
ions was lower in resting (Me = 5.12 mg%) and stimulated saliva (Me = 3.52 mg%) in people
taking AR drugs than in the control group (US: Me = 5.41 mg%; SS: Me = 4.51 mg%), but this
difference was statistically significant only in the case of stimulated saliva (Tables 1 and 2).

In the case of organic components related to the non-specific immunity of saliva, a
statistically significant increase in the concentration of lysozyme was found in both resting
and stimulated saliva (US: Me = 0.77 pg/mL; SS: Me = 0.64 pg/mL) in people taking AR
compared to the control group (US: Me = 0.30 pg/mL; SS: Me = 0.35 ng/mL). A similar
trend was not observed in the case of lactoferrin, the value of which was insignificantly
lower in people taking AR drugs (Tables 1 and 2). Analyzing the parameters of specific
immunity, it was found that the mean concentration of sIgA in resting (Me = 390.47 ug/mL)
and stimulated saliva (Me = 129.04 ug/mL) was statistically significantly lower in the
group undergoing AR therapy compared to the control group (US: Me = 529.03 pug/mL;
5S: Me = 380.26 nug/mL) (Tables 1 and 2).

On the other hand, the levels of IgA in the resting saliva of patients taking AR drugs
were higher (Me = 374.64 ug/mL) than in the control group (Me = 223.69 pug/mL), but
the difference was not statistically significant (Table 1). In the stimulated saliva, the IgA
concentrations in the saliva of the study group (Me = 201.35 pug/mL) and the control group
(Me =130.33 pg/mL) were similar (Table 2). In case of neopterin, which is a non-specific
indicator of cellular immune response, it was found that its concentration in both resting
(Me = 3.61 nmol/L) and stimulated saliva (Me = 1.92 nmol /L) was statistically significantly
lower in patients taking AR drugs compared to the control group (US: Me = 10.34 nmol/L;
SS: Me = 11.55 nmol /L) (Tables 1 and 2).

The levels of cortisol in resting (Me = 6.03 ng/mL) and stimulated saliva (Me = 5.31 ng/mL)
were higher in the group receiving AR drugs than in the control group (US: Me = 2.99 ng/mL;
5S: Me = 3.21 ng/mL) (Tables 1 and 2), but this difference was statistically significant only
in the case of resting saliva (Table 1).

In addition, analyzing the pH levels, amylase activity, and total protein concentrations
in resting and stimulated saliva, no statistically significant differences were found between
the group of patients taking AR drugs and the control group (Tables 1 and 2). There were
also no statistically significant differences in the buffering capacity of stimulated saliva
between Group I and the control group (Table 3).

The occurrence of statistically significant differences between some parameters of
resting and stimulated saliva was also found when comparing patients with osteoporo-
sis who were not taking AR drugs to the control group. As in the case of people with
osteoporosis taking AR drugs, compared to the control group (US: Me = 0.30 pg/mL;
SS: Me = 0.35 ug/mL), significantly higher concentrations of lysozyme were found in the
resting (Me = 0.72 ng/mL) and stimulated saliva (Me = 0.67 nug/mL) of patients with
osteoporosis not taking AR drugs. Similarly, the mean levels of neopterin in the resting
(Me = 2.17 nmol/L) and stimulated saliva (Me = 2.18 nmol/L) of patients with osteo-
porosis not undergoing AR therapy were significantly lower than in the control group
(US: Me =10.34 nmol/L; SS: Me = 11.55 nmol/L). Similarly, when analyzing the levels of
cortisol, it was found that its levels in both resting (Me = 7.18 ng/mL) and stimulated
saliva (Me = 7.36 ng/mL) of patients with osteoporosis not subjected to AR therapy were
significantly higher than in the control group (US: Me = 2.99 ng/mL; SS: Me = 3.21 ng/mL).
In the case of Group I, this difference was statistically significant only in resting saliva
(Tables 1 and 2).
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4. Discussion

Saliva is the environment of the oral cavity and performs numerous functions [23-27].
Its composition reflects the condition of the whole organism, because apart from the
ingredients produced by the salivary glands, it also contains elements diffusing from the
blood [25,26]. In the case of osteoporotic patients, it was important to determine whether
the use of AR therapy significantly affects the composition and properties of saliva. The
obtained results were related to osteoporotic patients who were qualified for AR therapy, but
in whom this therapy had not yet been implemented. Due to the importance of this problem,
the saliva tests were comprehensive and concerned both resting and stimulated saliva.

The results of our own research indicate that the composition and properties of the
saliva of osteoporotic patients who had been treated with AR therapy did not change
significantly compared to the saliva of people with osteoporosis who had not yet received
this therapy. The pH and buffering properties of saliva, the concentrations of PO, and Ca
ions, and the concentrations of total protein, lysozyme, lactoferrin, sIgA, IgA, neopterin,
and cortisol, as well as the amylase activity, did not differ significantly between the two
groups of osteoporotic patients. There was also no relationship between the duration of AR
therapy in patients with osteoporosis and the examined parameters of the saliva. This was
true for both resting and stimulated saliva.

However, comparing the results of the saliva tests obtained in both groups of os-
teoporotic patients with the control group, significant differences were found. In this
comparison with the control group, the results of saliva tests in osteoporotic patients taking
AR drugs are particularly noteworthy. They indicate that compared to the control group,
the saliva of Group I was characterized by a significantly higher concentration of PO, ions
(resting saliva) and a significantly lower concentration of Ca ions (stimulated saliva),
a significantly higher lysozyme concentration (resting and stimulated saliva), signifi-
cantly lower concentrations of sIgA (resting and stimulated saliva) and neopterin (resting
and stimulated saliva), and significantly higher concentrations of cortisol (resting saliva).
No significant differences between Group I and the control group were found in terms of
pH and buffering properties of saliva, total protein, lactoferrin, and IgA concentrations, or
amylase activity.

Significant differences in the composition and properties of saliva were also observed
between the control group and people with osteoporosis in whom AR therapy was not
implemented, but they concerned a smaller number of the tested saliva parameters. Com-
pared to the control group, it was found that the saliva of osteoporotic people not taking AR
drugs was characterized by significantly higher lysozyme concentration, significantly lower
neopterin concentration, and significantly higher cortisol concentration. These differences
were significant in both resting and stimulated saliva.

So far, numerous papers have been published describing the levels of biomarkers
associated with bone resorption and formation in various bodily fluids of patients with
bone mineral changes [34—40]. In saliva, the following were the most frequently tested:
N-telopeptide of type I collagen (NTX), C-telopeptide of type I collagen (CTX), salivary
calcium, bone-specific alkaline phosphatase, and osteocalcin [37-40]. Some adverse effects
of AR therapy on oral health have been highlighted recently; however, little is known about
its potential side effects on the physicochemical properties of saliva. According to the analysis
of the available literature, comprehensive studies of the composition and properties of saliva
in patients with osteoporosis taking AR drugs, while including osteoporotic patients not using
AR therapy and patients without osteoporosis, have not been conducted so far.

The saliva concentrations of Ca and POy ions presented statistically significant dif-
ferences between the osteoporotic group taking AR drugs and the control group in this
study. The elderly are characterized by low calcium levels associated with vitamin D
deficiency, which leads to the development of secondary hyperparathyroidism [10]. Under
the influence of the parathyroid hormone, the release of calcium and phosphate from
bones increases via a homeostatic mechanism and by stimulating bone resorption, which
is reflected in the concentration of Ca ions in the blood [41]. In our study, in the group
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of osteoporotic patients undergoing AR therapy, a significantly higher level of PO, ions
was observed in the resting saliva, along with a significantly lower level of Ca ions in the
stimulated saliva, compared to the control group. The significantly lower concentration
of Ca ions that we observed in stimulated saliva in the group of patients undergoing AR
therapy due to osteoporosis compared to the control group may indicate the effectiveness
of AR treatment, because AR drugs inhibit bone metabolism, contributing to lowering the
concentration of free calcium. In this study, in the group of patients with osteoporosis who
were not subjected to AR therapy, no statistically significant differences were observed in
terms of Ca and POj ions. In the literature, opinions are divided on the levels of ions in the
saliva of people with osteoporosis taking and not taking AR drugs. Yalgin et al. studied
the effects of treatment with hormone replacement therapy (HRT), alendronate (ALN),
and calcium supplements on selected parameters and the composition of saliva as well as
the oral status in menopausal women with established osteoporosis [42]. Unstimulated
saliva was tested, in which salivary flow rate, pH, and electrolytes (Na, K, Cl, and Ca ions)
were determined before the implementation of anti-osteoporosis treatment and after three
and six months from the start of the therapy. The results of the study did not confirm the
effect of the implementation of anti-osteoporosis drugs on the level of Ca ions in saliva [42].
Similar results in terms of Ca ions in saliva were obtained by Buduneli et al., according to
whom long-term calcium and vitamin supplementation with or without ALN also does
not appear to have a significant effect on salivary Ca, K, Mg, and Na concentrations or on
supragingival calculus formation [43]. On the other hand, a significant increase in Ca ions
in the saliva of people with low BMD compared to people without bone mineral changes
was described by Saha et al., Kumbhojkar et al., and Pereira et al. [38—40]. In saliva, Ca and
POy ions are responsible for remineralization processes and contribute to the formation of
calculus [23,24,26,27,29,30,44,45]. High levels of Ca and PO; ions in saliva in the presence
of poor oral hygiene are associated with an increased risk of developing periodontitis,
but with a reduced incidence of caries [44—46]. The results of our own research indicate a
significantly lower level of calcium in Group I, which suggests the possibility of impaired
remineralization processes, and this may be conducive to both the development of caries
and enamel erosion. On the other hand, significantly higher levels of PO, ions may lead
to tartar buildup; therefore, taking into account other factors, the risk of periodontal dis-
ease among this group of patients also increases. In Group II, based on the results of the
concentrations of Ca and POy ions, this risk seems to be lower.

Analyzing our own research, the group of patients with osteoporosis undergoing AR
therapy was distinguished from the control group by another parameter, i.e., significantly
lower sIgA levels. This relationship applied to both resting and stimulated saliva. sIgA is
an immunoglobulin that is specific to saliva and accounts for 60% of all antibodies present
in saliva [28]. This immunoglobulin plays a role in the neutralization of bacterial toxins and
enzymes, inhibits bacterial adherence, and enhances their elimination through agglutina-
tion [28,29]. Moreover, a specific immune response against Streptococcus mutans is provided
by slgA [28]. However, so far, the diagnostic value of sIgA as a caries biomarker has not
been unequivocally proven [28]. In the studies of Miletic et al., lower sIgA levels were
found in elderly people [47]. However, this relationship does not explain the results of our
research, because all of the study groups—including the control group—were similar in age.
Nevertheless, information about low sIgA values in the group of patients with osteoporosis
taking AR drugs may indicate a potentially higher risk of developing MRON]. According to
the 2022 update of the American Association of Oral and Maxillofacial Surgeons’ Position
Paper on MRON]J, the main hypotheses regarding the pathophysiology of MRONJ—apart
from bone remodeling inhibition, inflammation of infection, angiogenesis inhibition, and
genetic factors—now also include innate or acquired immune dysfunction [19]. Further
studies of the levels of sIgA in patients with symptoms of MRON] are recommended to
confirm this hypothesis, because the level of sIgA in saliva is affected by many factors,
including systemic factors such as stress [47,48].
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In our study, there were statistically significant differences in lysozyme levels in Group
I and Group II compared to the control group. For both groups, there was a statistically
significant increase in lysozyme levels in both resting and stimulated saliva compared to
the control group. Lysozyme is one of the elements of non-specific immunity. Lysozyme
causes the hydrolysis of the cell walls of bacteria—especially Gram-positive bacteria [25,28].
Thanks to the biological activity of lysozyme, the formation of biofilms by cariogenic
bacteria and the adhesion of Streptococcus mutans to hydroxyapatite are reduced [28].
According to the available literature, studies were conducted to determine whether there
is a relationship between the level of lysozyme and the activity of caries [49,50]. Jentsch
et al.,, in a study of adults followed for caries over a period of 4 years, observed that a lower
caries increment was associated with lower levels of lysozyme [49]. In turn, Lertsirivorakul
et al., examining the resting saliva of preschool children, noticed an increased level and
activity of lysozyme in children with severe early childhood caries (S-ECC) compared
to children without caries [50]. Moreover, in addition to antibacterial activity, lysozyme
exhibits antiviral and antifungal activity [28]. Yeh et al., comparing the levels of lysozyme
in the saliva of 595 patients, noted that the level of lysozyme derived from the parotid
increases with the increase in the Candida load [51]. The literature also describes the
relationship between the activity of lysozyme and the condition of the periodontium [52].
In their study, Surna et al. proved that the activity of lysozyme in crevicular fluid and in
unstimulated saliva correlates with periodontal pocket depth in patients with gingivitis
or periodontitis [52]. The results of our research indicate a significant increase in the
concentration of lysozyme in the group of patients suffering from osteoporosis, regardless
of taking AR drugs. This may suggest an increased susceptibility to caries and fungal
infections in this patient population. The obtained results indicate the need for further
research in this direction.

In both studied groups of osteoporotic patients—taking and not taking AR drugs—a
statistically significant decrease in the levels of neopterin in the resting and stimulated saliva
was observed in relation to the control group. Measurement of neopterin concentrations
in human bodily fluids such as saliva, serum, urine, cerebrospinal fluid, and pleural fluid
allows insight into a cell-mediated immune response [53,54]. Neopterin is synthesized from
guanosine triphosphate (GTP) and secreted by macrophages. Macrophages are stimulated
by interferon-y, which is produced by active T lymphocytes [53,54]. Elevated levels of
neopterin are noted in the course of viral diseases, autoimmune diseases, cardiovascular
diseases, neurodegenerative diseases, and various cancers [53,55]. The literature also
describes elevated levels of neopterin in the course of periodontitis [32,56,57]. Significantly
lower levels of neopterin in both resting and stimulated saliva in both groups of patients
with osteoporosis (Groups I and II) compared to controls may indicate a reduction in the
cellular immune response in this population of patients, which may result in increased
susceptibility to the occurrence, development, and course of various pathological processes
in the oral cavity. However, further research in this direction is recommended.

In our research, a significant increase in the level of cortisol was observed in the
group of patients with osteoporosis taking AR drugs in terms of resting saliva, as well
as in the resting and stimulated saliva of patients with osteoporosis not taking AR drugs,
compared to the control group. Cortisol belongs to the group of steroid hormones called
glycosteroids. Salivary cortisol testing is often used as a marker of psychological stress
and is a method for assessing the activity of the hypothalamic—pituitary—adrenal (HPA)
axis [33,58,59]. Elevated levels of cortisol have important physical and psychological
consequences and may trigger immunological disorders [59]. The literature describes the
relationship between the administration of glucocorticoids and the decrease in BMD and
muscle mass [58,60,61]. Raff et al. studied 228 elderly people, including 130 men and
98 women, of whom approximately half of the women were on HRT therapy [58]. Authors
measured salivary cortisol at 7 a.m. and 11 p.m. and compared the levels of salivary cortisol
results with BMD. Raff et al. found a negative correlation between salivary cortisol and
BMD; however, this effect was prevented by HRT [58]. These results are consistent with the
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results of our own research. Osella et al. assessed the relationship between cortisol secretion,
bone health, and bone loss in a cohort of women in the early postmenopausal period [62].
The study included 82 women who were not diagnosed with osteoporosis at the time of
beginning of the study, and parameters of the HPA axis function were assessed, including
morning and midnight salivary cortisol and BMD. The study was performed twice, one
year apart. The authors claim that the HPA axis may have an impact on postmenopausal
bone health, but that differences in cortisol secretion do not affect the rate of bone loss in
the early postmenopausal period [62].

We are aware of the limitations of our research, which include the small size of the
study groups and, in the case of patients treated with AR, the multitude of anti-osteoporosis
drugs used. However, despite such a small group, statistically significant results were
obtained, encouraging further research in terms of the correlation of changes in saliva with
the degree of BMD loss and the condition of the oral cavity—especially in terms of the
frequency of caries, enamel erosion, periodontal diseases, diseases of the oral mucosa, and
analysis of the oral microbiota. In these studies, the possible impact of AR therapy should
still be taken into account. In addition, due to the differences in the components of saliva
related to specific and non-specific immunity, further research is recommended for the
possible etiopathogenesis of MRON]J in people taking AR drugs.

5. Conclusions

1. The results of our research indicate that the composition and properties of the saliva
of people with osteoporosis in whom AR therapy was implemented did not change
significantly in comparison to the saliva of people with osteoporosis in whom this
therapy had not yet been implemented. However, comparing the results of the saliva
tests obtained in both groups of osteoporotic patients with the control group, signifi-
cant differences were found—especially in the results of saliva tests of osteoporotic
people taking AR drugs, indicating a greater number of significant changes.

2. The observed changes in the composition of saliva may be clinically significant. This
particularly applies to saliva parameters related to the mechanisms of its specific
and non-specific immunity, as well as parameters indicating the level of cellular
immune response. These changes should be analyzed in terms of factors favoring the
occurrence and development of various pathological changes within the oral cavity in
osteoporotic patients. In this context, the prevention of oral infections is particularly
important in the group of patients taking AR drugs, due to the risk of MRON]J. The
obtained results indicate the need to conduct further comprehensive research.
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