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Background: Previously, we measured bone alkaline phos-
phatase (b-ALP) and terminal C-telopeptide of collagen type I
(CTX) in saliva. The present longitudinal experimental study
sought to determine whether salivary concentrations of b-ALP
and CTX have the same response as in serum samples under
different conditions: normal, increased, and reduced bone re-
modeling.

Methods: Thirty rats were ovariectomized (OVX) to induce os-
teopenia 60 days after surgery, and 10 rats were sham operated.
Then, the rats were divided into four groups and treated as follows
for 45 days: group 1 (G1) = SHAM + vehicle; group 2 (G2) = OVX
+ 8 mg olpadronate (OPD)/100 g of body weight; group 3 (G3) =
OVX + 4 mg OPD/100 g of body weight; and group 4 (G4) =
OVX+ vehicle.SalivaandserumCTXand b-ALP weredetermined
at 60 days (baseline) and at 75 days (T75). Lumbar spine and
proximal tibia bone mineral density (BMD) was determined using
dual-energy x-ray absorptiometry at baseline and at 105 days.

Results: SHAM baseline and T75 salivary b-ALP and CTX
levels correlated with serum concentrations (P <0.01 and
P <0.004, respectively). A correlation was observed between
saliva and serum concentrations of b-ALP and CTX in OVX at
baseline (P <0.0001 and P <0.004, respectively). Baseline sali-
vary b-ALP and CTX levels were lower in SHAM animals com-
pared to OVX groups (P <0.01). After treatment, T75 saliva and
serum CTX remained higher in G4 compared to G1 (P <0.05),
was lower in G2 than in G1 (P <0.01) and G3 (P <0.01), and
was similar in G1 and G3. Changes in BMD were the result of var-
iations in salivary CTX levels due to OPD treatment (P <0.05).

Conclusions: Saliva determinations may prove to be practical
and reliable for the detection of systemic signs of increased bone
remodeling, particularly in cases involving pediatric, obese, and
elderly patients, and in screening large populations. Moreover,
saliva CTX may be one of the best candidate markers to detect
the activity and severity of periodontal disease. J Periodontol
2008;79:158-165.
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B
one is a specialized connective
tissue continuously undergoing
remodeling as a result of the co-

ordinated actions of osteoclasts and os-
teoblasts. Under normal conditions, bone
turnover involves a cycle that, at the cel-
lular level, takes place at discrete sites in
cancellous and cortical bone. The team
of cells carrying out this process of bone
renewal is termed a basic multicellular
unit (BMU).1 At any particular period of
time, >1 million BMUs work simulta-
neously throughout the healthy adult skel-
eton. The activity of all of these cellular
packages can be measured biochemi-
cally by determining markers of bone
turnover, which involves bone resorption
and formation processes arising from os-
teoclasts and osteoblasts, respectively.2

Remodeling is not stable throughout
life. In children, formation and resorption
more or less parallel growth velocity, with
a transient increase during puberty. Bone
markers decrease in young adults and
remain stable thereafter until menopause
when they increase in women again as a
consequence of estrogen withdrawal. It is
well established that there is a dramatic
increase in remodeling during the meno-
pausal transition, which is characterized
by a significant increase in bone resorp-
tion with a simultaneous but slower in-
crease in bone formation.3 This high
bone turnover leads to a biphasic loss
of mass4 that increases the incidence of
osteoporosis-related fractures.3 In this
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regard, during the first years postmenopause, the loss
of trabecular and cortical bone is 20% to 30% and 5%
to 10%, respectively. A second slow, continuous phase
occurs throughout a woman’s life; although the inci-
dence of osteoporotic hip fractures is higher in women,
the bone loss associated with aging is similar in both
genders.5

Like postmenopausal women, ovariectomized (OVX)
rats show an increase in bone formation and resorp-
tion markers and a loss of trabecular bone.6,7 For this
reason, the OVX rat is the most commonly used model
tostudybone lossassociatedwithestrogendeficiency.6,8

The proper management of osteoporosis and other
metabolic bone pathologies involves early diagnosis
of the disease, which includes measurement of bone
mineral density (BMD) using dual-energy x-ray ab-
sorptiometry (DXA). This technique involves the rel-
ative attenuation of two discrete energies, and it can
measure bone mass with good accuracy and excellent
precision. However, BMD is a static parameter that is
critical to clinical evaluation, but it does not provide
insight into the rate of bone remodeling. A dynamic
assessment of bone turnover could enhance the pre-
dictive value of BMD as an indicator of fracture risk
and could have diagnostic and therapeutic signifi-
cance.9 Although changes in bone architecture take
time to manifest, changes in bone turnover can be as-
certained relatively early by measuring bone markers
in serum and/or urine, thereby helping clinicians to
make therapeutic decisions.3,10 In this regard, drugs
used to treat individuals with a high fracture risk are
designed to decrease bone resorption and/or increase
bone formation.

Anticatabolic drugs, such as bisphosphonates, are
used to treat bone loss because they induce a dose-
dependent decrease in bone turnover.11 The effect
of these drugs on bone markers is rapid, resulting in
decreases in resorption markers within 1 to 3 months
and in bone formation markers within 3 to 6 months.12

Consequently, bone turnover decreases within a few
months after anticatabolic treatment, whereas ‡1 year
is required to evaluate changes in BMD. For this rea-
son, strong evidence now shows that changes in bone
markers are predictive of the efficacy of treatment
with regard to future BMD changes.9,10

Bone turnover is measured using serum or urinary
biomarkers. However, saliva recently has gained sig-
nificant recognition as a biologic sample for the detec-
tion of several oral and systemic illnesses. Because
saliva is a biofluid that can be obtained readily via a
non-invasive procedure, it could pose several advan-
tages in identifying individuals with high bone turnover
and in monitoring the progress of a specific treatment.
Additional benefits of the use of saliva samples are
related to certain clinical settings, such as examining
normal pediatric or elderly patients, or performing

screenings. In these cases, obtaining serum or urine
samples to measure bone turnover markers may
prove awkward or may seem invasive. Based on the
above, using saliva samples to evaluate bone turnover
seems to be a promising alternative in reaching the
optimal goal, which is to reduce the morbidity and
economic cost of bone disease and the mortality re-
lated to hip fractures.3,13

Saliva determinations also could be a useful diag-
nostic tool to provide information for differential diag-
nosis, disease severity, and treatment planning and to
monitor the effectiveness of periodontal therapy.14

Periodontitis is a chronic destructive category of peri-
odontal disease that progresses to the resorption of al-
veolar bone, which, without proper treatment, leads to
progressive bone destruction and subsequent tooth
loss. As a consequence of resorption, breakdown pro-
ducts are released into the periodontal tissues, migrat-
ing toward the gingival sulcus and gathering from the
surrounding site in whole saliva, where several of them
have been identified.3,15

Previously, we found that bone alkaline phospha-
tase (b-ALP) and carboxyterminal telopeptide of col-
lagen type I (CTX) can be measured in the saliva of rats
and humans.16 Based on the above, the aim of the
present experimental study was to determine whether
measuring salivary concentrations of bone markers
is as effective as measuring serum concentrations in
assessing changes in systemic bone turnover using
osteopenic rats with no oral diseases.

MATERIALS AND METHODS

Drugs
Olpadronate§ (OPD), the aminobisphosphonate used
in this study, was obtained as two saline solutions (3.2
or 6.4 mg/100 ml). The doses are in keeping with a
previous experimental dose-response study.17 Keta-
mine hydrochloride and acepromazine maleate (0.1
mg each/100 g body weight)i were used as light anes-
thesia. Saliva stimulation was induced with 0.2 mg
pilocarpine hydrochloride¶/100 g body weight. The
drugs were administered intraperitoneally.

Animals and Experimental Design
Forty female, virgin, adult Wistar rats (250 to 300 g)
were housed at room temperature (21�C – 1�C) with
55% – 10% humidity under 12-hour light/dark cycles;
they were fed standard rodent diet# and deionized wa-
ter ad libitum. Body weight was recorded weekly. The
rats were maintained in keeping with the National In-
stitutes of Health Guidelines for the Care and Use of
Laboratory Animals.

§ Gador Company, Buenos Aires, Argentina.
i Holliday-Scott, Buenos Aires, Argentina.
¶ Isoptocarpina 1%, Alcon Argentine Laboratories, Buenos Aires, Argentina.
# Granave, Buenos Aires, Argentina.
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After 1 week of acclimatization, 10 animals were
sham operated, and the remaining 30 rats were sub-
jected to bilateral OVX.

Sixty days post-surgery, the animals were divided
into four groups and treated as follows for 45 days:
group 1 (G1) = SHAM + vehicle (saline solution); group
2 (G2) = OVX + 8 mg OPD/100 g body weight; group 3
(G3) = OVX + 4 mg OPD/100 g body weight; and group
4 (G4) = OVX + vehicle (saline solution).

The study was approved by the University of
Buenos Aires Institutional Review Board.

Biochemical Determinations
Fasting blood and saliva samples were collected at the
onset of treatment (baseline: day 60) and after 15
days (T75: 75 days post-surgery). Blood was obtained
from the tail under ethyl ether anesthesia; the serum
was separated and kept frozen at -20�C until the ana-
lyses were performed. Salivation was stimulated by
intraperitoneal injection of pilocarpine. Ten minutes
post-stimulation, saliva was collected for 1 minute us-
ing a sterile syringe and centrifuged at 3,000 · g for 10
minutes to separate cells and large macromolecules.
The supernatants were collected and frozen at -20�C
until the studies were performed. All biochemical
determinations were performed at the same time to
avoid interassay variations.

Serum and salivary CTX (ng/ml) was measured us-
ing an enzyme-linked immunosorbent assay** with a
6% intra-assay variation coefficient (CV) and a detec-
tion limit of 2.5 ng/ml.18 The b-ALP was measured
using a colorimetric method†† after bone enzyme iso-
form precipitation with wheat germ lectin.18

DXA Measurements
Total skeleton BMD was scanned ‘‘in vivo’’ under light
anesthesia at the beginning of the experiment (T0), at
treatment onset (baseline: day 60), and at the end of
the experimental period (T105: day 105) using a total
body scanner with software designed specifically for
small animals.‡‡ Following a previously described
technique,18,19 this scanner used a constant potential
x-ray source at 76 kV (peak); the effective energies
were 38 and 70 keV. The collimation (size of x-ray
beam at the source) used was 0.84 mm. The size of
each sample point during the scan was 0.6 · 1.2 mm.
With the DXA scanner, a series of transverse scans
was made from the top of the nose to the end of the tail
at1.2-mmintervalswithaset scanareaof8·25cmfor
each rat. Scans were performed at a transverse scan
speedof9.6mm/second,givingascan time of50min-
utes for the total body determination.

All rats were scanned under light anesthesia using
an identical scan procedure. The precision of the soft-
ware in determining total body BMD was assessed
by measuring one rat five times after repositioning
between scans, on the same day and on different

days.18,19 The CV was 0.9% for total skeleton BMD.
The different subareas were analyzed on the image
of the animal on the screen, using a region of interest
for each segment. The BMD CV was 1.8% for the lum-
bar spine and 3.5% for the proximal tibia. All of the
analyses were carried out by the same technician to
eliminate interobserver variation.

Statistical Methods
Results are expressed as mean – SE. Data were ana-
lyzedusingone-wayanalysisofvariance.TheBonferroni
multiple comparisons test was performed when signif-
icant differences were encountered. The Pearson cor-
relation test was used to analyze correlation between
bone markers in saliva and serum samples. Statistical
analyses were performed using a software package.§§

P <0.05 was considered significant.

RESULTS

Correlation Between Bone Marker Determinations
in Serum and Saliva Samples During Estrogen
Repletion and Depletion
With regard to the SHAM group, and to increase the
sample size, the levels of salivary bone formation
and resorption markers of the 10 rats were plotted
against their corresponding serum levels at baseline
and at T75.

A significant correlation was observed when base-
line and T75 salivary b-ALP levels of SHAM rats were
plotted against their corresponding serum b-ALP
levels (N = 19; r = 0.57; P <0.01) (Fig. 1A). A signifi-
cant correlation also was found between saliva and
serum levels of CTX (N = 18; r = 0.65; P <0.004)
(Fig. 1B).

In OVX rats, a significant correlation was observed
when baseline salivary b-ALP levels were plotted
against the corresponding serum b-ALP concentra-
tions (N = 26; r = 0.80; P <0.0001) (Fig. 2A). A signif-
icant correlation also was observed between baseline
saliva and serum CTX in OVX animals (N = 14; r =
0.71; P <0.004) (Fig. 2B).

As expected, mean baseline serum b-ALP (N = 26)
and CTX (N = 14) levels in the OVX group were signif-
icantly higher than in the SHAM (N = 10) group (59.7 –
19.2 IU/l versus 78.4 – 31.7 IU/l [P <0.001] and 21.8 –
5.0 mg/ml versus 29.0 – 10.7 mg/ml [P <0.02], respec-
tively). The same pattern was observed for baseline
salivary b-ALP and CTX levels (63.1 – 21.9 IU/l versus
77.2 – 21.6 IU/l [P <0.005] and 3.7 – 1.0 mg/ml versus
6.0 – 1.8 mg/ml [P <0.0001], respectively).

** Rat Laps, Osteometer BioTech, Herlev, Denmark.
†† Boehringer Mannheim, Germany.
‡‡ DPX Alpha 8034, Small Animal Software, Lunar Radiation, Madison, WI.
§§ SPSS for Windows 11.0, SPSS, Chicago, IL.
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Changes in Bone Markers After
Anticatabolic Treatment
Figures 3A and 4A show the baseline b-ALP and CTX
levels of the four studied groups, respectively. As ex-
pected, serum b-ALP and CTX levels were signifi-
cantly lower in the SHAM group compared to the
OVX groups (P <0.01), and no differences were ob-
served among the OVX groups. Similar results were
obtained in baseline saliva samples (P <0.01).

Figures 3B and 4B show b-ALP and CTX levels, re-
spectively, of the four studied groups obtained at T75.
Serum and salivary bone marker levels were higher in
the untreated OVX group (G4) than in the SHAM
group (G1) (P <0.05), whereas a dose-response pat-
tern was observed in the OVX-OPD groups (G2 and
G3). Regarding bone formation, no significant differ-
ences in serum or salivary b-ALP levels were observed
between G2 (higher dose) and G1; G3 (lower dose)
and G4 exhibited significantly higher levels than G1
(P <0.05). Moreover, G2 had lower levels than G3
and G4 (P <0.05), and no differences were observed

between the latter two groups
(Fig. 3B). Regarding bone resorp-
tion, G2 exhibited significantly
lower CTX levels in saliva and se-
rum samples than G1 (P <0.01),
G3 (P <0.01), and G4 (P <0.01).
G3 showed significantly lower se-
rum and salivary CTX levels than
G4 and G1, but the difference only
reached statistical significance
compared to G1 (P <0.05) (Fig.
4B).

Changes in BMD From
Treatment Onset to the End of
the Experiment
Figure 5 shows the changes in
lumbar spine and proximal tibia
BMD between days 60 and 105.
As expected, untreated OVX rats
exhibited a significant loss in
BMD in both areas compared to
the SHAM group (P <0.01). OPD
treatment prevented bone loss;
however, the response to treat-
ment was dose dependent. An in-
crease in BMD was observed in
both studied areas in G2 and in
the proximal tibia in G3 compared
to G1 (P <0.01 and P <0.05 for G2
and G3, respectively). The in-
crease in proximal tibia BMD was
significantly higher in G2 than in
G3 (P <0.05). Changes in both
studied areas were statistically

significant when comparing G2 and G3 to the OVX
untreated group (P <0.01 and P <0.05 for G2 and
G3, respectively).

The difference between CTX levels (Fig. 4) would
account for the changes observed in BMD. Fifteen
days after treatment onset, serum and salivary CTX
levels remained unchanged in G1, were higher in G4,
and showed a marked dose-dependent decrease after
OPD treatment. In addition, the decrease in serum and
saliva CTX levels were significantly higher in G2 than
in G3 (P <0.05).

DISCUSSION

The present study confirmed our previous findings re-
garding the possibility of measuring b-ALP and CTX in
rat saliva samples.16 To our knowledge, this is the first
study in which the correlation between salivary and
serum bone markers was investigated under different
conditions that affect bone remodeling. The results
showed that salivary samples responded like serum

Figure 1.
Correlations between salivary and serum bone markers levels of samples obtained at baseline
and after 15 days of treatment in SHAM rats. A) Correlation between salivary and serum b-ALP
(N = 19). B) Correlation between salivary and serum CTX (N = 18).

Figure 2.
Correlations between baseline salivary and serum bone markers levels in OVX rats. A) Correlation
between salivary and serum b-ALP (N = 26). B) Correlation between salivary and serum CTX
(N = 14).
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samples in intact healthy rats and in conditions of in-
creased or decreased bone turnover due to estrogen
deficiency or anticatabolic treatment, respectively.

Bone remodeling is an essential part of bone health
because bone sustains microfractures and fatigue
damage daily, which must be repaired to maintain
bone strength.2 Several hormones regulate bone turn-
over. Among them, estrogen supports the balance be-
tween the function of osteoclasts and osteoblasts.20

This balance is lost in estrogen deficiency, leading
to an increase in the bone turnover rate.21 Because
bone resorption is faster than bone formation (12 days
versus 3 months), any increase in remodeling results
in bone loss and in a negative bone balance at the
BMU level. For this reason, postmenopausal women
are one of the risk groups for osteoporosis.22

Bone turnover can be evaluated by specific bone
biochemical markers. These markers are comple-
mentary tests and are very useful to identify people
with a high rate of bone remodeling who are at risk

for osteoporosis or other
metabolic bone disease,
thus allowing treatment
onset and monitoring of
the response to therapy.
Biochemical markers
of bone turnover are
divided broadly into
markers of bone resorp-
tion and formation,
which reflect osteoclast
and osteoblast activity,
respectively. As a result
of osteoclast-mediated
degradation of type I
collagen during the pro-
cess of bone resorption,
amino and carboxy-
terminal telopeptides
(the pyridinoline cross-
linked carboxyterminal
telopeptide of type I
collagen and CTX) are
released into the blood-
stream. CTX is consid-
ered one of the most
specific and sensitive
markers of bone resorp-
tion and is determined
routinely in the assess-
ment and monitoring
of bone metabolic disor-
ders.2 b-ALP is one of
the isoforms of alkaline
phosphatase. It arises
from osteoblast func-

tion and is essential for mineralization. However, its
precise role in this process remains unclear. The se-
rum concentration of b-ALP is considered a valid
marker of bone formation in terms of distinguishing
normal from disease states.23

Physiologic and pathologic conditions can cause
significant changes in systemic bone turnover and,
thus, canbe reflected inbonemarkerconcentrations.24

In certain clinical settings, such as examining healthy
children or elderly people, or performing screenings,
obtaining serum or urine samples to measure bone
turnover markers may prove awkward or may seem
invasive. Saliva is an oral fluid, and interest in it as a di-
agnostic medium has advanced exponentially in the
last 10 years.14 Whole saliva–based diagnostic tests
are being used in a broad range of applications, such
as autoimmune disorders, cardiovascular disease, in-
fectious diseases, and in monitoring drugs of abuse.5

In the present study, two bone markers were eval-
uated in the same serum and saliva samples. The

Figure 4.
Salivary and serum CTX levels for each group, respectively. A) Baseline salivary and serum CTX levels in SHAM
and OVX rats. B) T75 salivary and serum CTX levels in SHAM and OVX rats. (Numbers in bar graphs correspond
to mean – SD; N = 10.)

Figure 3.
Salivary and serum b-ALP levels for each group, respectively. A) Baseline salivary and serum b-ALP levels in SHAM
and OVX rats. B) T75 salivary and serum b-ALP levels in SHAM and OVX rats. (Numbers in bar graphs
correspond to mean – SD; N = 10.)
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levels of b-ALP in serum and saliva were similar. How-
ever, salivary CTX levels were ;10% of those found in
serum. Although the absolute concentration of CTX in
saliva was slightly lower, the relative change within
each subgroup could be assessed. The results showed
significant correlation between salivary and serum
concentrations of both of the studied biochemical
markers under normal conditions and in estrogen
deficiency. These results are in agreement with a pre-
vious study25 in sheep reporting a lower salivary con-
centration and a correlation between salivary and
serum deoxypyridinoline (D-Pyr) and osteocalcin. In
our study, unlike CTX, salivary b-ALP was on the same
order of magnitude as serum b-ALP. The high levels of
b-ALP in saliva may be due, in part, to an increase in
serum transudation and/or to local fibroblast produc-
tion of b-ALP within the oral cavity.26 In this regard,
the fibroblast is the predominant cell type in the peri-
odontal ligament, and it is implicated in tissue regen-
eration and repair. Osteoblasts and fibroblasts arise
from the same progenitor mesenchymal stem cell that
differentiates into a colony forming unit of fibroblasts
that expresses alkaline phosphatase (ALP).27

Low bone mass and risk for bone fractures usually
are determined using DXA. However, bone markers
have proven to be good predictors of fracture risk, ir-
respective of bone mass measurement.28 The results
presented here demonstrate significant differences in
the concentration of these two biomarkers among the
studied groups, which presented low and high sys-
temic bone turnover states. In this regard, a compar-

ison between the OVX groups and the
SHAM group showed that, similar to
serum levels, salivary levels of b-ALP
and CTX were higher in OVX animals
on day 60, reflecting the presence of
osseous metabolic activity and, con-
sequently, the presence of bone loss.
These results suggest that whole saliva
may be an alternative biofluid to assess
different levels of bone remodeling.

Anticatabolic treatment is known to
reduce bone resorption with little effect
on bone formation.11 Changes in bone
markers following bisphosphonate
treatment were similar in saliva and se-
rum determinations. The decrease in
BMD observed in the untreated OVX
group in sites of trabecular bone where
metabolic activity is high, such as the
lumbar spine and proximal tibia, was
the result of persistent high levels of
the bone resorption marker observed
in serum and saliva. Conversely, the
two OPD-treated groups presented a
diminution in bone resorption reflected

by a very important decrease in serum and salivary
CTX levels. However, as expected, the decrease
was dose dependent. In this regard, the lower dosages
of bisphosphonate were associated with a lower re-
duction in bone resorption, as shown by the magnitude
of bone loss in the spine and proximal tibia. These re-
sults demonstrate that, as occurs in serum, short-term
changes in salivary levels of bone turnover markers
could be valid predictors of long-term changes in
BMD and could be used to monitor therapy with anti-
catabolic drugs. In agreement with these results, a pre-
vious report15 using D-Pyr and osteocalcin showed
that the salivary concentration of these two bone
markers correlated with calcaneal T-scores in humans.
These findings indicate that saliva is convenient to
sample to monitor therapy in several situations, in-
cluding in individuals with compromised venous ac-
cess, hemophiliacs, children, obese people, and the
elderly and infirm.29

The use of saliva as a diagnostic fluid to determine a
systemic increase in bone turnover may have certain
limitations in view of potential blood contamination or
the presence of bone turnover markers from gingival
crevicular fluid (GCF). In the present study, neither of
the above occurred because animals were free of oral
diseases, and blood contamination was avoided. Never-
theless, it is important to take into account that proce-
dures that avoid potential blood contamination always
should be followed when collecting saliva samples.3

Moreover, three events occur during periodontitis: in-
flammation, collagen degradation, and bone turnover.

Figure 5.
Changes in lumbar spine and proximal tibia BMD. The changes were calculated as BMD
values at the end of the experience (T105) minus BMD values at the beginning of treatment
(T60). (Numbers in bar graphs correspond to mean – SD; N = 10).
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In this regard, Miller et al.30 found that salivary levels
of proinflammatory mediators (interleukin-1-beta) and
tissue-destructiveenzymes(matrixmetalloproteinase-8)
were significantly higher in patients affected by peri-
odontitis. Conversely, Bullon et al.22 demonstrated the
lack of correlation in bone turnover marker levels be-
tween GCF and saliva, regardless of periodontitis sta-
tus. Additionally, Miller et al.30 found that saliva levels
of osteoprotegerin (OPG), a glycoprotein that inhibits
osteoclast differentiation and activity, are not well
defined in health or existing periodontal disease. Fur-
thermore, a previous investigation14 correlated peri-
odontal disease and total ALP, but not b-ALP, in saliva.
This study demonstrated a higher enzyme activity in
individuals with periodontal disease compared to non-
diseased individuals, as well as a relationship between
periodontal destruction and higher levels of salivary
ALP. However, it failed to confirm salivary ALP as a
predictive indicator for future periodontal breakdown.

Besides the usefulness of saliva samples to monitor
systemic conditions that alter bone remodeling, their
usefulness to accurately assess the severity of peri-
odontaldiseaseneeds tobeclarified. In this regard, fur-
ther research in this field is required to identify the best
candidate markers for the prediction, diagnosis, and
monitoring of oral diseases. The aforementioned stud-
ies14,25,30 showing the lack of a relationship between
saliva bone markers and activity of periodontal dis-
ease could be due to the bone markers used in those
studies (osteocalcin, ALP, and OPG); they may not
be the mostappropriate markers to assess active bone
resorption. However, according to the present study,
CTX may be considered one of the most specific and
sensitiveboneresorptionmarkersand, therefore, could
be evaluated further in saliva. According to the advan-
tages offered by the analysis of salivary biomarkers
that were suggested by Miller et al.,30 it could be hy-
pothesized that during the active resorption of bone
as a result of advanced disease, CTX is released into
the periodontal tissues, gathers in GCF, and is trans-
ferred to whole saliva, where it could be evaluated to
assess disease activity and severity and to monitor
periodontal therapy.

CONCLUSIONS

Under different conditions of systemic bone turnover,
the results of the present longitudinal study provided
evidence that bone marker concentrations in saliva
samples followasimilarpattern to those inserumsam-
ples. Although further studies should be conducted to
corroborate these findings, the results obtained in the
present study suggest that saliva samples may be use-
ful to evaluate systemic bone turnover status. In addi-
tion, further data obtained using saliva samples would
be a promising way to find a better potential bone

breakdown marker to establish the diagnosis and
prognosis of severe periodontal disease as well as to
monitor periodontal treatment outcome.
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