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Abstract
Objective  To assess the serum and salivary levels of biomarkers related to bone metabolism in cirrhotic patients as well as 
the evidence of osteoporotic changes on panoramic radiographs.
Materials and methods  Thirty-eight cirrhotic patients underwent anamnesis and physical examination. Specimens of blood 
and saliva were collected for evaluation by using Luminex™ xMAP technology to quantify RANKL, OPG, IL-1β, IL-6 and 
TNF-α. Panoramic radiographs were evaluated based on the mandibular cortical index (MCI) and the resulting data were 
compared to the expression of biomarkers in serum and saliva. Descriptive data analysis was performed and the Mann–Whit-
ney’s test and Spearman’s correlation were used.
Results  Most of the sample consisted of males (68.4%) who had cirrhosis mostly resulting from alcoholism (28.9%). Median 
concentration values of RANKL (74.44 pg/mL), IL-1 β (45.91 pg/mL), IL-6 (67.69 pg/mL) and TNF-α (5.97 pg/mL) in 
saliva were higher than those observed in serum. In 72.7% of the panoramic radiographs, MCI was found to be suggestive 
of osteoporotic changes. No statistically significant correlation was observed between salivary and serum expressions of 
biomarkers or between biomarkers and MCI.
Conclusion  RANKL, OPG, IL-1β, IL-6 and TNF-α are expressed differently in serum and saliva and the concentration of 
these biomarkers is not related to MCI.
Clinical relevance  This study contributes to the study of the mechanisms of osteoporosis in cirrhotic individuals.
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Introduction

Hepatic cirrhosis is often a clinical consequence of several 
chronic hepatic diseases and is characterised by extensive tis-
sue fibrosis and formation of nodules in the liver structure [1].

Cirrhotic individuals on the liver transplant waiting list 
face several complications related to hepatic functional 

deficit, such as hepatic osteodystrophy. This condition 
includes relatively rare alterations (e.g. osteomalacia) as 
well as more common ones (e.g. osteoporosis) [2], which 
can lead to spontaneous fractures as a result of low-intensity 
trauma [3]. Although its pathogenesis is unknown, it seems 
to be multifactorial as genetic factors, nutritional deficiency, 
low concentrations of calcium and vitamin D, low growth 
factor (similar to type-1 insulin) and excessive consumption 
of alcohol are involved [4].

Even though dual-energy X-ray densitometry is the gold 
standard for diagnosis of changes in bone mineral density 
(BMD), alternatives can be used as early indicators in the 
diagnosis of osteoporosis. In fact, several linear and quali-
tative radiomorphometric indices have been proposed to 
detect low BMD. A recent systematic review showed that 
the Klemetti index, which assesses the mandibular cortical 
erosion, has sensitivities of 0.789 and 0.806 in the detection 
of low BMD, respectively [5]. In addition, other studies have 
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shown that these radiomorphometric indices are correlated 
with biochemical markers of bone turnover in osteoporotic 
individuals, such as alkaline phosphatase and N-terminal tel-
opeptides of type I collagen and of type II collagen [6–10].

In the context of bone metabolic disorders, such as oste-
oporosis, the osteoblasts and osteoclasts are significantly 
affected by a system of proteins consisting of osteoprotegerin 
(OPG), receptor activator of nuclear factor kappa-B (RANK) 
and receptor activator of nuclear factor kappa-B ligand 
(RANKL) [10]. RANKL is mainly produced by osteoblasts 
and is capable of binding to the RANK present in the mem-
brane of osteoblasts and precursor hematopoietic cells, thus 
promoting osteoclastogenesis and bone resorption [11]. On 
the other hand, OPG works as potent inhibitor of this interac-
tion, since this protein can bind to RANKL [11]. It has been 
suggested that individuals with chronic hepatic disease have 
changes in their serum levels of RANKL/OPG, indicating 
that these proteins may play a role in the modulation of bone 
loss [4]. In addition to playing an important role in the bone 
metabolism, the RANK-RANKL-OPG system participates in 
the immune system homeostasis [12] and imbalance in this 
protein system has already been studied in several conditions, 
such as process of metastasis and malignant cell invasion 
[13], rheumatoid arthritis [14] and osteoporosis [15].

Concomitantly, pro-inflammatory cytokines such as inter-
leukin (IL)-1β, IL-6 and tumour necrosis factor-alpha (TNF-
α) have been target of study as they participate not only in 
the processes of inflammation, steatosis, fibrosis and carcino-
genesis, but also in the process of bone loss [16, 17]. It is 
also important to highlight that cirrhotic individuals present 
significant dysregulation in their immune responses as the 
liver is the main organ in the reticuloendothelial system and 
because of the sequestration of leukocytes by the spleen [18].

These biomarkers of bone metabolism and pro-inflam-
matory cytokines have been extensively studied in the blood 
[3], and more recently, their behaviour has also been inves-
tigated in the saliva. This occurred because saliva has been 
shown to be an excellent fluid for diagnosis and detection of 
systemic diseases [19, 20], being in many cases as effective 
as blood [21, 22].

In view of the above, the objective of this study was to 
assess the presence of proteins RANKL, OPG, IL-1β, IL-6 
and TNF-α in saliva and serum of cirrhotic individuals as 
well as to compare the results to evidence of osteoporotic 
changes on panoramic radiographs.

Materials and methods

Ethical aspects

This study was approved by the local research ethics com-
mittee according to protocol number 3065652 and conducted 

according to the STROBE recommendations for observa-
tional studies. All the participants in the study signed a free 
informed consent form following the principles set by the 
Helsinki declaration.

Study design, sample and inclusion/exclusion 
criteria

This is a cross-sectional, quantitative, observational study 
conducted with cirrhotic individuals on the liver transplant 
waiting list.

The sample consisted of male and female individuals 
who were on waiting list for liver transplant. Sample size 
was calculated by using the Power and Sample Calcula-
tion® software considering the incidence of low BMD in 
the general population (43.9%) [23] and in individuals with 
chronic hepatic disease (70.8%) [23]. Sample power of 90% 
and confidence interval of 95% were used to obtain an ideal 
sample of 38 individuals.

All cirrhotic individuals older than 18 years old who 
were on the liver transplant waiting list were included in this 
study. Those individuals with specimens of saliva and serum 
inadequate for laboratory analysis were excluded.

Clinical assessment

All the participants underwent clinical examination for col-
lection of the following data: gender, age and presence of 
chronic systemic diseases. With regard to hepatic cirrhosis, 
the following data were collected: aetiology (i.e. viral hepa-
titis, alcoholism, others), MELD score (model for end-stage 
liver disease) and presence of cirrhotic complications (e.g. 
hepatocellular carcinoma, collateral circulation, changes in 
red and white blood cells, coagulopathy, upper gastrointesti-
nal bleeding, hepatic encephalopathy, spontaneous bacterial 
peritonitis and ascites). Presence of spontaneous gingival 
bleeding was also recorded.

Radiographic evaluation

Of the 38 participants, 22 had panoramic radiographs avail-
able for study. Panoramic radiographs from patient dental 
records taken in the past 6 months were assessed in order 
to measure the mandibular cortical index (MCI) and to rate 
the patient according to the index proposed by Klemetti and 
collaborators (1994) [24]. This index assesses the lower cor-
tex of the mandible located posteriorly to the mental fora-
men on both sides as follows: C1 (endosteal cortical margin 
is clear and sharp on both sides); C2 (endosteal margin of 
the cortex showing semi-lunar defects—lacunar resorp-
tion—or endosteal cortical residues); and C3 (formation 
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of dense layers of endosteal cortical residues which are 
clearly porous). The radiograph analysis was performed 
by two examiners with experience in maxillofacial radiol-
ogy who were calibrated (J.R.T. and N.T.D.) (inter-exam-
iner kappa = 0.8; intra-examiner kappa = 0.85) and a third 
(K.L.O.) was consulted in case of disagreement.

Blood and saliva collection

Blood and saliva were collected in the presence of the fol-
lowing biomarkers: RANKL, OPG, IL-1β, IL-6 and TNF-
α. Whole unstimulated saliva collection was performed in 
which the patients were instructed to avoid food, beverages 
and oral hygiene 60 min before the examination. For saliva 
collection, the patient was asked to spit into a funnel placed 
inside a scaled plastic tube so that the whole saliva could 
be spontaneously produced within 10 min. Next, the saliva 
was immediately distributed in safe-lock tubes and stored 
in freezer at − 80 °C. After saliva collection, blood was col-
lected through peripheral venous access and then stored in 
a test tube containing coagulant activator and left under 
refrigeration at 4 °C for 30 min. Next, the tubes were cen-
trifuged at 3000 rpm for 15 min. Serum was collected with 
a pipette and stored into safe-lock tubes before being placed 
in a freezer at − 80 °C.

Luminex analysis

Luminex™ xMAP (multiple analyte profiling) technol-
ogy was used because it is an immunoassay using micro-
spheres stained with fluoride phosphate. The assays were 
conducted based on the conventional “sandwich” method-
ology, in which the mix of microspheres is incubated in a 
96-well plate. Next, the biotinylated detection antibody was 
added and the signal was amplified through incubation with 
streptavidin–phycoerythrin conjugate. Reading was made 
with a Luminex 200 device (Software xPonent/Analyst ver-
sion 4.2).

Statistical analysis

Data were analysed by using the Statistical Package for the 
Social Science software (SPSS® for Windows, version 22.0, 
SPSS Inc., Chicago, IL, USA). Shapiro–Wilk normality test 
was used to assess the non-parametric distribution of the 
data. Mann–Whitney’s test was used for comparison of data 
distribution between MCI and independent variables (i.e. 
biomarkers measured in saliva and serum). The correlations 
between the values of proteins in saliva and blood, includ-
ing between these proteins and independent variables, were 
checked by using Spearman’s correlation. All statistical 
analyses were conducted at a significance level of P ≤ 0.05.

Results

The study sample consisted of 38 cirrhotic individuals on the 
liver transplant waiting list, with the majority being males 
(n = 26; 68.4%), mean age of 50.61 years old (range from 20 
to 71 years old; median = 52.5), MELD score of 18 (range 
from 11 to 30; median = 17) at the examination and mean 
time on the waiting list of 21.34 months (range from 1 to 
75 months; median = 9). The main aetiology of cirrhosis was 
alcoholism (n = 11; 28.9%) followed by hepatitis C (n = 09; 
23.7%). Among the complications of cirrhosis, the most 
frequently found were changes in red and white blood cells 
(n = 37), coagulopathy (n = 36) and presence of collateral 
circulation (n = 34) (Table 1).

The biomarkers of bone metabolism investigated in the 
present study were found at different levels in all saliva and 
blood specimens. RANKL and pro-inflammatory cytokines 
were found at higher levels in saliva than in serum (Table 2).

No statistically significant correlations were observed 
(P < 0.05) between serum and salivary levels of the biomark-
ers in question as well as between their levels (serum and 
saliva) and age, comorbidities, time on the transplant waiting 
list, aetiology of the cirrhosis, MELD score and complica-
tions of hepatic cirrhosis.

Of the 38 participants, 22 had panoramic radiographs 
available for study. Analysis showed that the majority of 
the sample presented some changes in the mandibular cor-
tex suggestive of osteoporotic alterations (n = 16; 72.7%) 
according to MCI, since 13 patients were rated as C2 
(59.1%) and three as C3 (13.6%) (Fig. 1). No statistically 
significant correlations were observed between MCI and 
the variables studied (i.e. age, gender, MELD score, cir-
rhosis aetiology, cirrhotic complications and comorbidities) 
(P > 0.05).

The indices were dichotomised into normal (C1) and 
altered (C2 and C3) MCI so that they could be correlated 
with serum and salivary biomarkers. Patients with altered 
MCI showed low levels of RANKL and OPG in their blood 
compared to those patients with normal MCI. In saliva, 
RANKL and OPG were at higher levels in patients with 
altered MCI compared to those with normal MCI. Among 
the inflammatory biomarkers, one can observe that patients 
with altered MCI had higher level of IL-6 only in the blood 
compared to saliva, where the levels of all inflammatory 
biomarkers were higher. However, no statistically signifi-
cant correlations were found between MCI and none of the 
biomarkers (Table 3).

One can observe higher levels of IL-6 and RANKL in 
the saliva of patients with spontaneous gingival bleeding by 
correlating this symptom with the proteins studied here, a 
finding which was statistically significant (Table 4).
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Discussion

Imbalance in bone metabolism is one of the complications 
of hepatic cirrhosis and osteoporosis is more prevalent in 
these patients, who are at higher risk of fracture compared 
to the general population [25, 26]. These changes in bone 
mineral density involve multiple aetiological factors and, 
at least theoretically, might be identified by radiographic 
techniques as well as by alterations in biomarkers related to 
bone metabolism [2].

One of the ways to detect changes in BMD is by measur-
ing the panoramic radiomorphometric indices. Even though 
panoramic radiographs should not be obtained for diagnos-
ing BMD specifically, when they are available in the dental 
records of the patient, they can and must be used as a detec-
tion tool and the patient should be referred to a physician for 
medical evaluation, if necessary. Although there are various 
radiomorphometric indices, in the present study, we opted to 
use MCI because of its effectiveness [27, 28]. By using this 
index, we found that more than 72% of the cirrhotic patients 
showed changes compatible to decreased BMD.

Assessment of serum concentrations of biomarkers such 
as RANKL, OPG and pro-inflammatory cytokines is another 
way to investigate the bone metabolism. Measurement of 
these proteins has been widely used in studies on osteopo-
rosis [29]. In the present study, the presence of these bio-
markers was assessed in serum and saliva in order to verify 
whether the latter might have results equivalent to those of 
the former (which is the gold standard).

The serum values of OPG found in the present study, 
which were significantly higher than those of RANKL, 
are numerically resembling those reported by Azizieh and 
collaborators (2019) [30] in post-menopausal women with 
osteoporosis. However, lower levels of RANKL were similar 
to those of patients with normal BMD.

Table 1   Characterisation of the study sample. Demographic data, 
MELD score, aetiology of cirrhosis, cirrhotic complications, comor-
bidities and spontaneous gingival bleeding (n = 38)

Variables n (%)

Age ( in years) 50.61 ± 14.38
Gender

  Male
  Female

26 (68.4)
12 (31.6)

MELD score (current) 18.00 ± 4.93
Aetiology of cirrhosis

  Alcoholic cirrhosis
  Hepatitis C
  Cryptogenic cirrhosis
  Autoimmune hepatitis
  Non-alcoholic steatohepatitis cirrhosis
  Budd-Chiari syndrome
  Sclerosing cholangitis syndrome
  Schistosomiasis
  Hepatitis B
  Secondary biliary cirrhosis

11 (28.9)
09 (23.7)
06 (15.8)
04 (10.5)
02 (5.3)
02 (5.3)
01 (2.6)
01 (2.60
01 (2.6)
01 (2.6)

Complications of cirrhosis
  Changes in red and white blood cells
  Coagulopathy
  Hepatic encephalopathy
  Collateral circulation
  Upper gastrointestinal bleeding
  Changes in white blood cells
  Ascites
  Hepatocarcinoma
  Bacterial peritonitis

37 (97.4)
36 (94.7)
34 (89.5)
34 (89.5)
22 (57.9)
22 (57.9)
18 (47.4)
05 (13.2)
04 (10.5)

Comorbidities
  Diabetes
  Nephropathies
  Pulmonary comorbidities
  Cardiopathies
  No comorbidities

11 (28.9)
05 (13.2)
05 (13.2)
01 (2.6)
16 (42.1)

Spontaneous gingival bleeding
  Presence
  Absence

06 (15.8)
32 (84.2)

Table 2   Descriptive analysis of 
the values of RANKL, OPG, 
RANKL/OPG, IL-1β, IL-6 and 
TNF-α in specimens of serum 
and saliva (n = 18)

Values in pg/mL. SD standard deviation; Min minimum value; Max maximum value 

Variable Mean SD Min Max Percentile

25 50 75

Serum RANKL 7.45 19.50 0.31 99.85 0.87 1.46 3.77
OPG 468.10 229.93 191.00 1244.00 275.50 442.00 570.50
RANKL/OPG 0.018 0.054 0.000 0.328 0.001 0.003 0.011
IL-1β 0.64 1.02 0.18 6.52 0.31 0.39 0.59
IL-6 19.30 30.72 1.83 172.00 4.92 9.95 18.88
TNF-α 2.43 2.43 0.40 15.94 1.38 2.08 2.71

Saliva RANKL 74.44 181.96 0.27 1122.00 7.20 26.62 75.31
OPG 342.71 384.84 44.65 1903.00 116.00 216.00 342.25
RANKL/OPG 0.337 0.415 0.000 1.432 0.027 0.137 0.579
IL-1β 45.91 49.90 1.07 240.00 8.38 27.80 68.16
IL-6 67.69 89.36 6.30 464.00 20.50 32.53 80.10
TNF-α 5.97 5.37 0.68 23.82 2.58 4.14 7.54
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It is believed that cirrhotic patients develop a systemic 
inflammatory condition during the natural course of the dis-
ease, independently of its aetiology, with high expression 
of pro-inflammatory cytokines and possible interference 
with the expression of RANKL [29, 31]. On the other hand, 
Moschen and collaborators (2005) [4] state that the presence 
of small amounts of RANKL does not mean necessarily a 
low osteoclastic activity (since pro-inflammatory cytokines 
also activate osteoclasts), but a reflection of a low osteo-
blastic activity as RANKL is produced by osteoblasts. Still, 
according to these authors, the increased values of OPG 

work as a feedback mechanism in an attempt to prevent bone 
loss and maintain BMD.

Therefore, at a quick glance at this information (i.e. pano-
ramic radiograph and serum biomarkers) and in light of the 
literature, we might believe that a high incidence of altered 
BMD corresponds clinically to the serum expression of oste-
oporosis-related biomarkers. However, statistical analysis 
found no correlation between serum expression of biomark-
ers and MCI, perhaps because panoramic radiographs show 
the result of a long process of bone resorption/apposition 
while biomarkers are linked to a transient bone metabolic 
condition which can change under different stimuli in cir-
rhotic patients.

By comparing the values of biomarkers in serum and 
saliva, we found no correlation between them. In addi-
tion, the levels of biomarkers were always higher in the 
saliva than in the blood. It is possible that the peculiarity 
of the oral microenvironment involving the co-existence 
of regional inflammatory conditions (e.g. gingivitis and 
periodontal diseases) has an influence. Previous studies 
showed that prevalence, extension and severity of perio-
dontal disease are more likely to occur in patients with cir-
rhosis than in healthy individuals, with the former present-
ing greater loss of insertion and more gingival recession 
[32]. This fact can explain the differences in the expression 
of biomarkers in the present study as the salivary concen-
tration of pro-inflammatory cytokines increases depend-
ing on the progression of periodontal disease, being also 
associated with a greater loss of insertion [33, 34]. In fact, 
we observed that the salivary concentrations of RANKL 
and IL-6 were statistically higher in patients with gingival 
bleeding, which might point to the presence of a local 
inflammatory process developing concomitantly with an 
existing systemic condition. Moreover, a recent systematic 
literature review showed that IL-β and IL-6 are important 
salivary biomarkers which are increased in patients with 
gingivitis and periodontitis [35], highlighting that higher 
levels of these proteins in saliva are indicative of local 
inflammatory process. For García-Valdecasas-Campelo 
and collaborators (2006) [36], pro-inflammatory cytokines 

Fig. 1   Mandibular cortical 
index: a C1, endosteal cortical 
margin is clear and sharp on 
both sides; b C2, endosteal 
margin of the cortex showing 
semi-lunar defects or endosteal 
cortical residues; and c C3, 
formation of dense layers of 
endosteal cortical residues 
which are clearly porous

Table 3   Mean and standard deviation of the values of the biomarkers 
according to the mandibular cortical index (n = 22)

*Mann–Whitney’s test 

Variables MCI Mean Standard deviation P*

RANKL—serum Normal
Altered

9.51
1.48

14.62
1.36

0.231

OPG—serum Normal
Altered

608.33
431.69

369.78
193.11

0.367

RANKL/OPG—
serum

Normal
Altered

0.019
0.004

0.026
0.004

0.407

IL-1β—serum Normal
Altered

0.48
0.46

0.25
0.24

0.971

IL-6—serum Normal
Altered

9.22
19.59

5.33
22.39

0.294

TNF-α—serum Normal
Altered

4.66
2.32

5.57
1.10

0.367

RANKL—saliva Normal
Altered

27.24
115.44

21.59
274.86

0.858

OPG—saliva Normal
Altered

149.04
373.67

53.94
309.63

0.098

RANKL/OPG—
saliva

Normal
Altered

0.234
0.406

0.219
0.507

0.858

IL-1B—saliva Normal
Altered

32.88
43.18

35.23
39.15

0.494

IL-6—saliva Normal
Altered

44.34
71.93

41.21
84.56

0.747

TNF-α—saliva Normal
Altered

4.28
8.02

1.50
7.53

0.971
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such as IL-β, IL-6 and TNF-α have pro-osteoclastogenic 
and pro-resorption potentials.

Nevertheless, in the present study, the other pro-inflam-
matory cytokines (i.e. IL-β and TNF-α) were not found 
to be statistically correlated with gingival bleeding. It is 
probably happened because sample calculation was not 
performed to verify the correlation between biomarkers 
and gingival or periodontal disease. For this reason, it is 
necessary to take caution when interpreting these results. 
Therefore, further studies are needed to assess the pres-
ence of these same biomarkers in cirrhotic patients with 
and without periodontal disease.

This is the first study investigating the proteins RANKL, 
OPG and pro-inflammatory cytokines in blood and saliva 
of cirrhotic patients in which one attempted to detect asso-
ciations with osteoporotic alterations. However, this study 
has some limitations. Because it is an observational cross-
sectional study, the results presented here require further 
longitudinal assessment in order to test the same hypoth-
eses as well as to determine the cause-effect relationships 
between the presence of the studied proteins and presence 
of changes suggestive of osteoporosis during the natural 
course of cirrhosis. Similarly, future longitudinal studies 
are needed to monitor the progression of the periodontal 
disease concomitantly and clinically, including the levels 
of the studied proteins.

Therefore, it is possible to conclude that the biomark-
ers RANKL, OPG, IL-1β, IL-6 and TNF-α are differently 
expressed in saliva and blood and that their concentrations 
in these fluids are not correlated with mandibular cortical 
defects on panoramic radiographs.
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Informed consent  Informed consent was obtained from all individual 
participants included in the study.

Conflict of interest  The authors declare no competing interests.

References

	 1.	 Pinzani M (2015) Pathophysiology of liver fibrosis. Dig Dis 
33(4):492–497. https://​doi.​org/​10.​1159/​00037​4096

	 2.	 Luxon BA (2011) Bone disorders in chronic liver diseases. 
Curr Gastroenterol Rep 13(1):40–48. https://​doi.​org/​10.​1007/​
s11894-​010-​0166-4

	 3.	 Guañabens N, Parés A (2012) Osteoporosis en la cirrosis 
hepática [Osteoporosis in liver cirrhosis]. Gastroenterol Hepatol 
35(6):411–420. https://​doi.​org/​10.​1016/j.​gastr​ohep.​2012.​01.​017

	 4.	 Moschen AR, Kaser A, Stadlmann S et al (2005) The RANKL/
OPG system and bone mineral density in patients with chronic 
liver disease. J Hepatol 43(6):973–983. https://​doi.​org/​10.​1016/j.​
jhep.​2005.​05.​0345

	 5.	 Calciolari E, Donos N, Park JC et al (2015) Panoramic measures 
for oral bone mass in detecting osteoporosis: a systematic review 
and meta-analysis. J Dent Res 94(3 Suppl):17S-27S. https://​doi.​
org/​10.​1177/​00220​34514​554949

	 6.	 Taguchi A, Sanada M, Krall E et al (2003) Relationship between 
dental panoramic radiographic findings and biochemical markers 
of bone turnover. J Bone Miner Res 18(9):1689–1694. https://​doi.​
org/​10.​1359/​jbmr.​2003.​18.9.​16897

	 7.	 Vlasiadis KZ, Damilakis J, Velegrakis GA et al (2008) Relation-
ship between BMD, dental panoramic radiographic findings and 
biochemical markers of bone turnover in diagnosis of osteoporo-
sis. Maturitas 59(3):226–233. https://​doi.​org/​10.​1016/j.​matur​itas.​
2008.​01.​006

	 8.	 Nagi R, Devi BKY, Rakesh N et al (2014) Relationship between 
femur bone mineral density, body mass index and dental pano-
ramic mandibular cortical width in diagnosis of elderly postmeno-
pausal women with osteoporosis. J Clin Diagn Res 8(8):ZC36–
ZC40. https://​doi.​org/​10.​7860/​JCDR/​2014/​9210.​4748

	 9.	 Balto KA, Gomaa MM, Feteih RM et al (2018) Dental panoramic 
radiographic indices as a predictor of osteoporosis in postmeno-
pausal Saudi Women. J Bone Metab 25(3):165–173. https://​doi.​
org/​10.​11005/​jbm.​2018.​25.3.​165

	10.	 Woitge HW, Pecherstorfer M, Li Y et al (1999) Novel serum mark-
ers of bone resorption: clinical assessment and comparison with 
established urinary indices. J Bone Miner Res Off J Am Soc Bone 
Miner Res 14(5):792–801. https://​doi.​org/​10.​1359/​jbmr.​1999.​
14.5.​792

	11.	 Tyrovola JB (2017) The “Mechanostat” principle and the Oste-
oprotegerin-OPG/RANKL/RANK System PART II. The role of 
the hypothalamic-pituitary axis. J Cell Biochem 118(5):962–966. 
https://​doi.​org/​10.​1002/​jcb.​25793

	12.	 Walsh MC, Choi Y (2014) Biology of the RANKL-RANK-OPG 
System in immunity, bone, and beyond. Front Immunol 5:511. 
https://​doi.​org/​10.​3389/​fimmu.​2014.​00511

	13.	 Tan W, Zhang W, Strasner A et al (2011) Tumour-infiltrating 
regulatory T cells stimulate mammary cancer metastasis through 
RANKL-RANK signalling. Nature 470(7335):548–553. https://​
doi.​org/​10.​1038/​natur​e09707

	14.	 Remuzgo-Martínez S, Genre F, López-Mejías R et al (2016) 
Expression of osteoprotegerin and its ligands, RANKL and 
TRAIL, in rheumatoid arthritis. Sci Rep 6:29713. https://​doi.​org/​
10.​1038/​srep2​9713

	15.	 Yasuda H (2013) RANKL, a necessary chance for clinical appli-
cation to osteoporosis and cancer-related bone diseases. World J 
Orthopedics 4(4):207–217. https://​doi.​org/​10.​5312/​wjo.​v4.​i4.​207

	16.	 Santos LA, Romeiro FG (2016) Diagnosis and management of 
cirrhosis-related osteoporosis. Biomed Res Int 2016:1423462. 
https://​doi.​org/​10.​1155/​2016/​14234​62

	17.	 Del Campo JA, Gallego P, Grande L (2018) Role of inflammatory 
response in liver diseases: therapeutic strategies. World J Hepatol 
10(1):1–7. https://​doi.​org/​10.​4254/​wjh.​v10.​i1.1

	18.	 Bonnel AR, Bunchorntavakul C, Reddy KR (2011) Immune dys-
function and infections in patients with cirrhosis. Clin Gastroen-
terol Hepatol 9(9):727–738. https://​doi.​org/​10.​1016/j.​cgh.​2011.​
02.​031

	19.	 Cozma S, Dima-Cozma LC, Ghiciuc CM et al (2017) Salivary 
cortisol and α-amylase: subclinical indicators of stress as cardio-
metabolic risk. Braz J Med Biol Res 50(2):e5577. https://​doi.​org/​
10.​1590/​1414-​431X2​01655​77

	20.	 Stanescu II, Calenic B, Dima A et al (2018) Salivary biomark-
ers of inflammation in systemic lupus erythematosus. Ann Anat 
219:89–93. https://​doi.​org/​10.​1016/j.​aanat.​2018.​02.​012

	21.	 Bezinelli LM, Eduardo FP, de Carvalho D et al (2017) Therapeutic 
salivary monitoring of IV busulfan in patients undergoing hemat-
opoietic stem cell transplantation: a pilot study. Bone Marrow 
Transplant 52(10):1384–1389. https://​doi.​org/​10.​1038/​bmt.​2017.​
142

	22.	 Figueiredo MA, Domingues Fink MC, Castro T et al (2017) 
Detection of human polyomaviruses JC and BK in liver pretrans-
plant patients. Oral Dis 23(8):1127–1133. https://​doi.​org/​10.​1111/​
odi.​12707

	23.	 Wright NC, Looker AC, Saag KG et al (2014) The recent preva-
lence of osteoporosis and low bone mass in the United States 
based on bone mineral density at the femoral neck or lumbar 
spine. J Bone Miner Res 29(11):2520–2526. https://​doi.​org/​10.​
1002/​jbmr.​2269

	24.	 Klemetti E, Kolmakov S, Kröger H (1994) Pantomography in 
assessment of the osteoporosis risk group. Scand J Dent Res 
102(1):68–72. https://​doi.​org/​10.​1111/j.​1600-​0722.​1994.​tb011​
56.x

	25.	 Wariaghli G, Mounach A, Achemlal L et al (2010) Osteoporo-
sis in chronic liver disease: a case-control study. Rheumatol Int 
30(7):893–899. https://​doi.​org/​10.​1007/​s00296-​009-​1071-8

	26.	 Liang J, Meng WD, Yang JM et al (2018) The association between 
liver cirrhosis and fracture risk: a systematic review and meta-
analysis. Clin Endocrinol 89(4):408–413. https://​doi.​org/​10.​1111/​
cen.​13762

	27.	 Arita ES, Pippa MG, Marcucci M et al (2013) Assessment of 
osteoporotic alterations in achondroplastic patients: a case 
series. Clin Rheumatol 32(3):399–402. https://​doi.​org/​10.​1007/​
s10067-​012-​2126-x

	28.	 Munhoz L, Aoki EM, Cortes A et al (2018) Osteoporotic altera-
tions in a group of different ethnicity Brazilian postmenopausal 
women: an observational study. Gerodontology 35(2):101–109. 
https://​doi.​org/​10.​1111/​ger.​12322

	29.	 Liu W, Zhang X (2015) Receptor activator of nuclear factor-κB 
ligand (RANKL)/RANK/osteoprotegerin system in bone and 
other tissues (review). Mol Med Rep 11(5):3212–3218. https://​
doi.​org/​10.​3892/​mmr.​2015.​3152

	30.	 Azizieh FY, Shehab D, Jarallah KA et al (2019) Circulatory levels 
of RANKL, OPG, and oxidative stress markers in postmenopau-
sal women with normal or low bone mineral density. Biomark 
Insights 14:1177271919843825. https://​doi.​org/​10.​1177/​11772​
71919​843825

	31.	 Albillos A, Lario M, Álvarez-Mon M (2014) Cirrhosis-associated 
immune dysfunction: distinctive features and clinical relevance. 
J Hepatol 61(6):1385–1396. https://​doi.​org/​10.​1016/j.​jhep.​2014.​
08.​010

1867Clinical Oral Investigations (2022) 26:1861–1868

https://doi.org/10.1159/000374096
https://doi.org/10.1007/s11894-010-0166-4
https://doi.org/10.1007/s11894-010-0166-4
https://doi.org/10.1016/j.gastrohep.2012.01.017
https://doi.org/10.1016/j.jhep.2005.05.0345
https://doi.org/10.1016/j.jhep.2005.05.0345
https://doi.org/10.1177/0022034514554949
https://doi.org/10.1177/0022034514554949
https://doi.org/10.1359/jbmr.2003.18.9.16897
https://doi.org/10.1359/jbmr.2003.18.9.16897
https://doi.org/10.1016/j.maturitas.2008.01.006
https://doi.org/10.1016/j.maturitas.2008.01.006
https://doi.org/10.7860/JCDR/2014/9210.4748
https://doi.org/10.11005/jbm.2018.25.3.165
https://doi.org/10.11005/jbm.2018.25.3.165
https://doi.org/10.1359/jbmr.1999.14.5.792
https://doi.org/10.1359/jbmr.1999.14.5.792
https://doi.org/10.1002/jcb.25793
https://doi.org/10.3389/fimmu.2014.00511
https://doi.org/10.1038/nature09707
https://doi.org/10.1038/nature09707
https://doi.org/10.1038/srep29713
https://doi.org/10.1038/srep29713
https://doi.org/10.5312/wjo.v4.i4.207
https://doi.org/10.1155/2016/1423462
https://doi.org/10.4254/wjh.v10.i1.1
https://doi.org/10.1016/j.cgh.2011.02.031
https://doi.org/10.1016/j.cgh.2011.02.031
https://doi.org/10.1590/1414-431X20165577
https://doi.org/10.1590/1414-431X20165577
https://doi.org/10.1016/j.aanat.2018.02.012
https://doi.org/10.1038/bmt.2017.142
https://doi.org/10.1038/bmt.2017.142
https://doi.org/10.1111/odi.12707
https://doi.org/10.1111/odi.12707
https://doi.org/10.1002/jbmr.2269
https://doi.org/10.1002/jbmr.2269
https://doi.org/10.1111/j.1600-0722.1994.tb01156.x
https://doi.org/10.1111/j.1600-0722.1994.tb01156.x
https://doi.org/10.1007/s00296-009-1071-8
https://doi.org/10.1111/cen.13762
https://doi.org/10.1111/cen.13762
https://doi.org/10.1007/s10067-012-2126-x
https://doi.org/10.1007/s10067-012-2126-x
https://doi.org/10.1111/ger.12322
https://doi.org/10.3892/mmr.2015.3152
https://doi.org/10.3892/mmr.2015.3152
https://doi.org/10.1177/1177271919843825
https://doi.org/10.1177/1177271919843825
https://doi.org/10.1016/j.jhep.2014.08.010
https://doi.org/10.1016/j.jhep.2014.08.010


1 3

	32.	 Di Profio B, Inoue G, Marui VC et al (2018) Periodontal status 
of liver transplant candidates and healthy controls. J Periodontol 
89(12):1383–1389. https://​doi.​org/​10.​1002/​JPER.​17-​0710

	33.	 Ng PY, Donley M, Hausmann E et al (2007) Candidate salivary 
biomarkers associated with alveolar bone loss: cross-sectional and 
in vitro studies. FEMS Immunol Med Microbiol 49(2):252–260. 
https://​doi.​org/​10.​1111/j.​1574-​695X.​2006.​00187.x

	34.	 Scannapieco FA, Ng P, Hovey K et al (2007) Salivary biomarkers 
associated with alveolar bone loss. Ann N Y Acad Sci 1098:496–
497. https://​doi.​org/​10.​1196/​annals.​1384.​034

	35.	 Kc S, Wang XZ, Gallagher JE (2020) Diagnostic sensitivity and 
specificity of host-derived salivary biomarkers in periodontal 

disease amongst adults: Systematic review. J Clin Periodontol 
47(3):289–308. https://​doi.​org/​10.​1111/​jcpe.​13218

	36.	 García-Valdecasas-Campelo E, González-Reimers E, Santolaria-
Fernández F et al (2006) Serum osteoprotegerin and RANKL lev-
els in chronic alcoholic liver disease. Alcohol Alcohol 41(3):261–
266. https://​doi.​org/​10.​1093/​alcalc/​agl004

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1868 Clinical Oral Investigations (2022) 26:1861–1868

https://doi.org/10.1002/JPER.17-0710
https://doi.org/10.1111/j.1574-695X.2006.00187.x
https://doi.org/10.1196/annals.1384.034
https://doi.org/10.1111/jcpe.13218
https://doi.org/10.1093/alcalc/agl004

	Assessment of bone metabolism biomarkers in serum and saliva of cirrhotic patients
	Abstract
	Objective 
	Materials and methods 
	Results 
	Conclusion 
	Clinical relevance 

	Introduction
	Materials and methods
	Ethical aspects
	Study design, sample and inclusionexclusion criteria
	Clinical assessment
	Radiographic evaluation
	Blood and saliva collection
	Luminex analysis
	Statistical analysis

	Results
	Discussion
	References


